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 Talk Abstract/Outline
 

 Linux is used for desktop and server systems, and is being explored as an OS for embedded systems for appliances and so on. It is also used for site and access 

routers. However, there’s no real reason not to use Linix for high-end routers. This talk is about the functionality in the 2.4 kernel that has been developed by the 
community, for high performance, and state-of-the-art traffic management for routing. In the talk, I will also mention for comparison, the Kame system from Japan, 
widely used in BSD Unix routers for similar functions, including 

  Fast Forwarding Table lookup
  Nice API from Routing Daemon to Kernel space tables
  Integrated&Differentiated Services 
      (Qdisc/Classifier structures)

  Multicast
  IPv6
  Firewalls/NATs/Masquerading etc
 

  I’ll then talk about what is missing (a replacement for 

Gated!). 

  So linux can take on yet another borg (after microsoft): 

Cisco:-) 



 History and Philosophy
 

 BBN did 4.1c for Vax, 
 -> Berkeley

 Berkeley did 2.8 and 4.2 for PDP 11 and 

Vaxen
 Most the world takes therir code 

 MS, Solaris, HPUX all someway derived
 Linux doesn’t....

 Note Spider and SCO and other rewrites 
 as did Sun/mentat and even MS eventually 

 (see free v6 winNT stack) 
 



 10 years after: That gets us to the end of 
the 1980s.  Entropy!!!

 

 IP evolves - adding 

  multicast
  mobile
  ipv6
  integrated services&rsvp
  differentiated services
  NAT
  telepathy
 



 Cisco struggle to keep up
 

 IOS is 10M lines of code on a 300 line RTOS:-) 

  Like Nortel telephone exchange s/w, 
  like HP printers, 
  like Oracle dbase
  like MS - its a mess..... 



 Modern OS gives us several nice things
 

  Modules
  Clean User Space/Kernel split
  SMP
  Device driver abstraction
  Good for simple server or router
 

 But, til recently, rather naive network api
 

  So both free systems of interest languish as somewhat 

amateur offerings.... 

  on the other hand, the "professional" offerings accrete 

more and more junk....



 Sugar and Spice:- Router
 

 user space (wont say a lot here)
  routing daemons
  routed
  mrouted
  gated (was NSFnet T3 code - merit/michegan/ibm - 

encumbered)
  various projects 
      Linux router project
      routing toolkit
      xorp (at&t/berkeley/intel)

  MIBs
  File system for config/logs etc
 

 Model (IETF:-) - 
  Forces 



 Players and Talkers
 

 WIDE Project (wrote magicpoint - good chasps)
  Kenjiro Cho does KAME
      IPv6
  does altq
      perf
 

 Linux Project (wrote lotsa stuff)

  Alexey Kuznetsov does FIB and qdisc code
      IPv6 (?)

  almesberger does nice
  q work



 Lets review split between user space and 
kernel

 

  /dev/kmem
  /proc
  rtnetlink
  callbacks 



 RTNETLINK!
 rtnetlink_socket  =  
  socket(PF_NETLINK,  int  socket_type, 

NETLINK_ROUTE); 

        int RTA_OK(struct rtattr *rta, int rtabuflen);
        void *RTA_DATA(struct rtattr *rta);
        unsigned int RTA_PAYLOAD(struct rtattr *rta);
        struct rtattr *RTA_NEXT(struct rtattr *rta,  unsigned  int
        rtabuflen);
        unsigned int RTA_LENGTH(unsigned int length);
        unsigned int RTA_SPACE(unsigned int length);
 



 

  RTM_NEWLINK, RTM_DELLINK, RTM_GETLINK
               Create,  remove or get information about a specific
               network interface. 

  RTM_NEWADDR, RTM_DELADDR, RTM_GETADDR
               Add, remove or  receive  information  about  an  IP
               address  associated with an interface.  

  RTM_NEWROUTE, RTM_DELROUTE, RTM_GETROUTE
               Create, remove or receive information about a  net›
               work route. 

  RTM_NEWNEIGH, RTM_DELNEIGH, RTM_GETNEIGH
               Add,  remove  or receive information about a neigh›
               bour table entry 
 

  RTM_NEWRULE, RTM_DELRULE, RTM_GETRULE
               Add,  delete  or retrieve a routing rule.
 

  RTM_NEWQDISC, RTM_DELQDISC, RTM_GETQDISC
               Add, remove or get a queueing discipline.
 

  RTM_NEWTCLASS, RTM_DELTCLASS, 

RTM_GETTCLASS
               Add, remove or get a traffic class.
 

  RTM_NEWTFILTER, RTM_DELTFILTER, 

RTM_GETTFILTER
               Add,  remove or receive information about a traffic
               filter.      



 Forwarding and Treatment!
 

Packet 
FIlters and
Classifiers

Switching Fabric
or Bus

FIBAccess
and Routing
Policy

Queue Discipline

Output
Devices



 Rats and Snails...
 

 Linux 2.2-2.4 FIB 
 

fn_zones[33]

fn_zone_list

fn_zone

fn_zone

fz_next
fz_hash

fib_node

fn_next

fn_info
fn_key

fib_info

fib_next
fib_prev
fib_nh[]

nh_dev, flags,scope
weight,power
tclassid
oif, gw (finally!!!:-)

Zone Level
hashes to fib node level

FIB node level, lookup
maps to fib info level

FIB info level lookup
reveals device,
interface and next hop
gateway IP address

 



 Packetisation - Jitter Bugs:-)
 

real time audio

file transfer

www

123

12

123

1112

oroginal inter-packet spacing

post fifo multiplexing packet spacing for audio flow 



 CBQ reminder
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 Linux Queueing Discipline - Class Based 
(OO OO OO :-)

 

 Also Known as Forwarding Treatment 

 This stuff does int-serv, diff-serv, and makes excuses from 

coming
 home late from work 

 
dev_queue_xmit

qdisc_wakeupqdisc_enqueue

timer

qdisc_run_queues

net_bh

qdisc_restart qdisc_dequeue hard_start_xmit

 



 Filter
 

queue discipline with class

filter 
priority = 1

filter 
priority =2

filter
priority =3 etc etc

internal
element
handle x

internal
element
handle y

 



 Apply 
 

skb-> packet content

filter classifier

tcf_result = x:y

queueing discipline x:0

class x:a

class x:b

class x:y

search
thru
classes
til
match

 



 For example...leaky bucket...
  

Data In

Data Leaked Out at Leak Rate



 And puppy dog’s tails...
 



 Link Status
 
execve("./ip", ["./ip", "−s", "link"], [/* 24 vars */]) = 0
uname({sys="Linux", node="ovavu.cs.ucl.ac.uk", ...}) = 0
brk(0)                                  = 0x8060344
open("/etc/ld.so.preload", O_RDONLY)    = −1 ENOENT (No such file or direc
tory)
open("/etc/ld.so.cache", O_RDONLY)      = 3
fstat64(3, {st_mode=S_IFREG|0644, st_size=31542, ...}) = 0
old_mmap(NULL, 31542, PROT_READ, MAP_PRIVATE, 3, 0) = 0x40017000
close(3)                                = 0
open("/lib/libresolv.so.2", O_RDONLY)   = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0)\0\000"..., 102
4) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=229485, ...}) = 0
old_mmap(NULL, 70468, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x4001f000
mprotect(0x4002d000, 13124, PROT_NONE)  = 0
old_mmap(0x4002d000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0xd000) = 0x4002d000
old_mmap(0x4002e000, 9028, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MAP
_ANONYMOUS, −1, 0) = 0x4002e000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
old_mmap(NULL, 1185224, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x400310
00
mprotect(0x40149000, 38344, PROT_NONE)  = 0
old_mmap(0x40149000, 24576, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3
, 0x117000) = 0x40149000
old_mmap(0x4014f000, 13768, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MA
P_ANONYMOUS, −1, 0) = 0x4014f000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
close(3)                                = 0
munmap(0x40017000, 31542)               = 0
getpid()                                = 9902
socket(PF_NETLINK, SOCK_RAW, 0)         = 3
bind(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0
\0\353\233\5\10"}, 12) = 0
getsockname(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\256&\0
\0\0\0\0\0\353\233\5\10"}, [12]) = 0
time(NULL)                              = 982916252
sendto(3, "\24\0\0\0\22\0\1\3\235\34\226:\0\0\0\0\21\377\5\10", 20, 0, {si
n_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0\0\340q\5\1
0"}, 12) = 20
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\264\0\0\0\20\0\2\0\235\34\2
26:\256&\0\0\0\0\4\3\1\0\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 1788
brk(0)                                  = 0x8060344
brk(0x8060414)                          = 0x8060414
brk(0x8061000)                          = 0x8061000
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0\235\34\226
:\256&\0\0\0\0\0\0\1\0\0\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 20
fstat64(1, {st_mode=S_IFREG|0664, st_size=2991, ...}) = 0

old_mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, −1, 
0) = 0x40017000
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "1: lo: <LOOPBACK,UP> mtu 3856 qd"..., 3291: lo: <LOOPBACK,UP> mt
u 3856 qdisc noqueue 
    link/loopback 00:00:00:00:00:00 brd 00:00:00:00:00:00
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 329
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "2: eth0: <BROADCAST,MULTICAST,UP"..., 3502: eth0: <BROADCAST,MUL
TICAST,UP> mtu 1500 qdisc pfifo_fast qlen 100
    link/ether 00:c0:4f:d3:db:c3 brd ff:ff:ff:ff:ff:ff
    RX: bytes  packets  errors  dropped overrun mcast   
    532210054  6635530  0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    280029688  3396545  0       0       1       164085 
) = 350
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "3: tap0: <BROADCAST,MULTICAST,NO"..., 3423: tap0: <BROADCAST,MUL
TICAST,NOARP> mtu 1500 qdisc noqueue 
    link/ether fe:fd:00:00:00:00 brd ff:ff:ff:ff:ff:ff
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    4080       10       0       0       0       0      
) = 342
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "4: teql0: <NOARP> mtu 1500 qdisc"..., 2884: teql0: <NOARP> mtu 1
500 qdisc noop qlen 100
    link/void 
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 288
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "5: dummy0: <BROADCAST,NOARP> mtu"..., 3315: dummy0: <BROADCAST,N
OARP> mtu 1500 qdisc noop 
    link/ether 00:00:00:00:00:00 brd ff:ff:ff:ff:ff:ff
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 331
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0

write(1, "6: bond0: <BROADCAST,MULTICAST,M"..., 3446: bond0: <BROADCAST,MU
LTICAST,MASTER> mtu 1500 qdisc noqueue 
    link/ether 00:00:00:00:00:00 brd ff:ff:ff:ff:ff:ff
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       20      0       0      
) = 344
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "7: eql: <MASTER> mtu 576 qdisc n"..., 2847: eql: <MASTER> mtu 57
6 qdisc noop qlen 5
    link/slip 
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 284
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "8: tunl0@NONE: <NOARP> mtu 1480 "..., 3048: tunl0@NONE: <NOARP> 
mtu 1480 qdisc noop 
    link/ipip 0.0.0.0 brd 0.0.0.0
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 304
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "9: gre0@NONE: <NOARP> mtu 1476 q"..., 3029: gre0@NONE: <NOARP> m
tu 1476 qdisc noop 
    link/gre 0.0.0.0 brd 0.0.0.0
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 302
socket(PF_INET, SOCK_STREAM, IPPROTO_IP) = 4
ioctl(4, 0x8942, 0xbfffea38)            = 0
close(4)                                = 0
write(1, "10: sit0@NONE: <NOARP> mtu 1480 "..., 30310: sit0@NONE: <NOARP> 
mtu 1480 qdisc noop 
    link/sit 0.0.0.0 brd 0.0.0.0
    RX: bytes  packets  errors  dropped overrun mcast   
    0          0        0       0       0       0      
    TX: bytes  packets  errors  dropped carrier collsns 
    0          0        0       0       0       0      
) = 303
munmap(0x40017000, 4096)                = 0
_exit(0)                                = ?

 



 Route Status
 
execve("./ip", ["./ip", "−s", "route"], [/* 24 vars */]) = 0
uname({sys="Linux", node="ovavu.cs.ucl.ac.uk", ...}) = 0
brk(0)                                  = 0x8060344
open("/etc/ld.so.preload", O_RDONLY)    = −1 ENOENT (No such file or direc
tory)
open("/etc/ld.so.cache", O_RDONLY)      = 3
fstat64(3, {st_mode=S_IFREG|0644, st_size=31542, ...}) = 0
old_mmap(NULL, 31542, PROT_READ, MAP_PRIVATE, 3, 0) = 0x40017000
close(3)                                = 0
open("/lib/libresolv.so.2", O_RDONLY)   = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0)\0\000"..., 102
4) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=229485, ...}) = 0
old_mmap(NULL, 70468, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x4001f000
mprotect(0x4002d000, 13124, PROT_NONE)  = 0
old_mmap(0x4002d000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0xd000) = 0x4002d000
old_mmap(0x4002e000, 9028, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MAP
_ANONYMOUS, −1, 0) = 0x4002e000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
old_mmap(NULL, 1185224, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x400310
00
mprotect(0x40149000, 38344, PROT_NONE)  = 0
old_mmap(0x40149000, 24576, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3
, 0x117000) = 0x40149000
old_mmap(0x4014f000, 13768, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MA
P_ANONYMOUS, −1, 0) = 0x4014f000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
close(3)                                = 0
munmap(0x40017000, 31542)               = 0
getpid()                                = 9894
socket(PF_NETLINK, SOCK_RAW, 0)         = 3
bind(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0
\0d\5\v@"}, 12) = 0
getsockname(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\246&\0
\0\0\0\0\0d\5\v@"}, [12]) = 0
time(NULL)                              = 982916198
sendto(3, "\24\0\0\0\22\0\1\3g\34\226:\0\0\0\0\0c\r@", 20, 0, {sin_family=
AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0\0\376\0\0\0"}, 12) 
= 20
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\264\0\0\0\20\0\2\0g\34\226:
\246&\0\0\0\0\4\3\1\0\0\0I"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 1788
brk(0)                                  = 0x8060344
brk(0x8060384)                          = 0x8060384
brk(0x8061000)                          = 0x8061000
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0g\34\226:\2
46&\0\0\0\0\0\0\1\0\0\0I\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 20
sendto(3, "\24\0\0\0\32\0\1\3h\34\226:\0\0\0\0\2\0\0\0", 20, 0, {sin_famil

y=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0\0\273p\5\10"}, 12
) = 20
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"4\0\0\0\30\0\0\0h\34\226:\24
6&\0\0\2\24\0\0\376\2\375\1"..., 8192}], msg_controllen=0, msg_flags=0}, 0
) = 504
fstat64(1, {st_mode=S_IFREG|0664, st_size=3354, ...}) = 0
old_mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, −1, 
0) = 0x40017000
open("/etc/iproute2/rt_scopes", O_RDONLY) = −1 ENOENT (No such file or dir
ectory)
write(1, "128.16.0.0/20 dev eth0  proto ke"..., 68128.16.0.0/20 dev eth0  
proto kernel  scope link  src 128.16.6.226 
) = 68
write(1, "127.0.0.0/8 dev lo  scope link \n", 32127.0.0.0/8 dev lo  scope 
link 
) = 32
write(1, "default via 128.16.6.150 dev eth"..., 35default via 128.16.6.150
 dev eth0 
) = 35
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0h\34\226:\2
46&\0\0\0\0\0\0\376\2\375\1"..., 8192}], msg_controllen=0, msg_flags=0}, 0
) = 20
munmap(0x40017000, 4096)                = 0
_exit(0)                                = ?

 



 Filter Status
 
execve("./tc", ["./tc", "−s", "filter"], [/* 24 vars */]) = 0
uname({sys="Linux", node="ovavu.cs.ucl.ac.uk", ...}) = 0
brk(0)                                  = 0x8060578
open("/etc/ld.so.preload", O_RDONLY)    = −1 ENOENT (No such file or direc
tory)
open("/etc/ld.so.cache", O_RDONLY)      = 3
fstat64(3, {st_mode=S_IFREG|0644, st_size=31542, ...}) = 0
old_mmap(NULL, 31542, PROT_READ, MAP_PRIVATE, 3, 0) = 0x40017000
close(3)                                = 0
open("/lib/libresolv.so.2", O_RDONLY)   = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0)\0\000"..., 102
4) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=229485, ...}) = 0
old_mmap(NULL, 70468, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x4001f000
mprotect(0x4002d000, 13124, PROT_NONE)  = 0
old_mmap(0x4002d000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0xd000) = 0x4002d000
old_mmap(0x4002e000, 9028, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MAP
_ANONYMOUS, −1, 0) = 0x4002e000
close(3)                                = 0
open("/lib/libm.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\20J\0\000"..., 10
24) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=496075, ...}) = 0
old_mmap(NULL, 125368, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x4003100
0
mprotect(0x4004f000, 2488, PROT_NONE)   = 0
old_mmap(0x4004f000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0x1d000) = 0x4004f000
close(3)                                = 0
open("/lib/libdl.so.2", O_RDONLY)       = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\240\33"..., 1024)
 = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=58158, ...}) = 0
old_mmap(NULL, 12060, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x40050000
mprotect(0x40052000, 3868, PROT_NONE)   = 0
old_mmap(0x40052000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0x1000) = 0x40052000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
old_mmap(NULL, 1185224, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x400530
00
mprotect(0x4016b000, 38344, PROT_NONE)  = 0
old_mmap(0x4016b000, 24576, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3
, 0x117000) = 0x4016b000
old_mmap(0x40171000, 13768, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MA
P_ANONYMOUS, −1, 0) = 0x40171000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0

close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
close(3)                                = 0
old_mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, −1, 
0) = 0x40175000
munmap(0x40017000, 31542)               = 0
getpid()                                = 9892
brk(0)                                  = 0x8060578
brk(0x80606f8)                          = 0x80606f8
brk(0x8061000)                          = 0x8061000
open("/proc/net/psched", O_RDONLY)      = 3
fstat64(3, {st_mode=S_IFREG|0444, st_size=0, ...}) = 0
old_mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, −1, 
0) = 0x40017000
read(3, "000c8000 000f4240 000f4240 00000"..., 4096) = 36
close(3)                                = 0
munmap(0x40017000, 4096)                = 0
socket(PF_NETLINK, SOCK_RAW, 0)         = 3
bind(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0
\0T\277\5@"}, 12) = 0
getsockname(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\244&\0
\0\0\0\0\0T\277\5@"}, [12]) = 0
time(NULL)                              = 982916181
sendto(3, "\24\0\0\0\22\0\1\3V\34\226:\0\0\0\0\0\203\17@", 20, 0, {sin_fam
ily=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0\0Dc\1@"}, 12) =
 20
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\264\0\0\0\20\0\2\0V\34\226:
\244&\0\0\0\0\4\3\1\0\0\0I"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 1788
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0V\34\226:\2
44&\0\0\0\0\0\0\1\0\0\0I\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 20
sendmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="\
0\0\0\0\0\0\0\0\0\0\33m\5\10"}, msg_iov(2)=[{"$\0\0\0.\0\1\3W\34\226:\0\0\
0\0", 16}, {"\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0", 20}], msg_controll
en=0, msg_flags=0}, 0) = 36
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0W\34\226:\2
44&\0\0\0\0\0\0\n\0\2\0\0\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0
) = 20
_exit(0)                                = ?

 



 Queue Status
 
execve("./tc", ["./tc", "−s", "qdisc"], [/* 24 vars */]) = 0
uname({sys="Linux", node="ovavu.cs.ucl.ac.uk", ...}) = 0
brk(0)                                  = 0x8060578
open("/etc/ld.so.preload", O_RDONLY)    = −1 ENOENT (No such file or direc
tory)
open("/etc/ld.so.cache", O_RDONLY)      = 3
fstat64(3, {st_mode=S_IFREG|0644, st_size=31542, ...}) = 0
old_mmap(NULL, 31542, PROT_READ, MAP_PRIVATE, 3, 0) = 0x40017000
close(3)                                = 0
open("/lib/libresolv.so.2", O_RDONLY)   = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0)\0\000"..., 102
4) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=229485, ...}) = 0
old_mmap(NULL, 70468, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x4001f000
mprotect(0x4002d000, 13124, PROT_NONE)  = 0
old_mmap(0x4002d000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0xd000) = 0x4002d000
old_mmap(0x4002e000, 9028, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MAP
_ANONYMOUS, −1, 0) = 0x4002e000
close(3)                                = 0
open("/lib/libm.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\20J\0\000"..., 10
24) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=496075, ...}) = 0
old_mmap(NULL, 125368, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x4003100
0
mprotect(0x4004f000, 2488, PROT_NONE)   = 0
old_mmap(0x4004f000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0x1d000) = 0x4004f000
close(3)                                = 0
open("/lib/libdl.so.2", O_RDONLY)       = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\240\33"..., 1024)
 = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=58158, ...}) = 0
old_mmap(NULL, 12060, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x40050000
mprotect(0x40052000, 3868, PROT_NONE)   = 0
old_mmap(0x40052000, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3,
 0x1000) = 0x40052000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
old_mmap(NULL, 1185224, PROT_READ|PROT_EXEC, MAP_PRIVATE, 3, 0) = 0x400530
00
mprotect(0x4016b000, 38344, PROT_NONE)  = 0
old_mmap(0x4016b000, 24576, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED, 3
, 0x117000) = 0x4016b000
old_mmap(0x40171000, 13768, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_FIXED|MA
P_ANONYMOUS, −1, 0) = 0x40171000
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0

close(3)                                = 0
open("/lib/libc.so.6", O_RDONLY)        = 3
read(3, "\177ELF\1\1\1\0\0\0\0\0\0\0\0\0\3\0\3\0\1\0\0\0\0\275\1"..., 1024
) = 1024
fstat64(3, {st_mode=S_IFREG|0755, st_size=4761074, ...}) = 0
close(3)                                = 0
old_mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, −1, 
0) = 0x40175000
munmap(0x40017000, 31542)               = 0
getpid()                                = 9889
brk(0)                                  = 0x8060578
brk(0x80606f8)                          = 0x80606f8
brk(0x8061000)                          = 0x8061000
open("/proc/net/psched", O_RDONLY)      = 3
fstat64(3, {st_mode=S_IFREG|0444, st_size=0, ...}) = 0
old_mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, −1, 
0) = 0x40017000
read(3, "000c8000 000f4240 000f4240 00000"..., 4096) = 36
close(3)                                = 0
munmap(0x40017000, 4096)                = 0
socket(PF_NETLINK, SOCK_RAW, 0)         = 3
bind(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0
\0T\277\5@"}, 12) = 0
getsockname(3, {sin_family=AF_NETLINK, {sa_family=16, sa_data="\0\0\241&\0
\0\0\0\0\0T\277\5@"}, [12]) = 0
time(NULL)                              = 982916149
sendto(3, "\24\0\0\0\22\0\1\0036\34\226:\0\0\0\0\0\203\17@", 20, 0, {sin_f
amily=AF_NETLINK, {sa_family=16, sa_data="\0\0\0\0\0\0\0\0\0\0Dc\1@"}, 12)
 = 20
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\264\0\0\0\20\0\2\0006\34\22
6:\241&\0\0\0\0\4\3\1\0\0\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0
) = 1788
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0006\34\226:
\241&\0\0\0\0\0\0\1\0\0\0I"..., 8192}], msg_controllen=0, msg_flags=0}, 0)
 = 20
sendmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="\
0\0\0\0\0\0\0\0\0\0\33m\5\10"}, msg_iov(2)=[{"$\0\0\0&\0\1\0037\34\226:\0\
0\0\0", 16}, {"\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0\0", 20}], msg_contro
llen=0, msg_flags=0}, 0) = 36
recvmsg(3, {msg_name(12)={sin_family=AF_NETLINK, {sa_family=16, sa_data="6
\302\0\0\0\0\0\0\0\0\0\0\0\0"}, msg_iov(1)=[{"\24\0\0\0\3\0\2\0007\34\226:
\241&\0\0\0\0\0\0\n\0\2\0\0"..., 8192}], msg_controllen=0, msg_flags=0}, 0
) = 20
_exit(0)                                = ?



 So what does FreeBSD provide for all this?
 

  Radix FIB
      uses 1 level hashing - like half the FIB

  ALTQ
      heavily CBQ
      ifconfig/interface oriented
      hard to see if one can do input q
      meter/police/drop interface tricky

  tools
      ifconfig!
 



 What are we missing?
 

  XORP - build opensource platform for moduler routed
  Need dijkstras and similar
  Need route mibulator
  Need TE modules 
  other? 



 Have a nice day at UCL!
 

  Visit
      http://www.cs.ucl.ac.uk/staff/jon/li/

  for further information.


