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,QWHUQHW#DQG#,3#3URWRFRO

9LQWRQ#*1#&HUI
,QYHQWRU#RI#7&32,3

+1RZ#6HQLRU#9LFH#3UHVLGHQW#RI#:RUOG&RP,
&678:#,3#/D\HU

&RYHUHG#7RGD\
� ,3#DGGUHVV#FODVVHV
� 6XEQHWWLQJ#DQG#VXEQHW#PDVNV
� &,'5
,I#WLPH#SHUPLWV=
� 5RXWLQJ#,QIRUPDWLRQ#3URWRFRO#+5,3,
� 2SHQ#6KRUWHVW#3DWK#)LUVW#+263),

&678:#,3#/D\HU

*OREDO#$GUHVVHV

� :K\#GR#ZH#QHHG#,3#DGGUHVVHV"
� 3K\VLFDO#DGGUHVVHV#+H1J1/#(WKHUQHW,#DUH#VSHFLILF#
WR#0$&0OD\HU#SURWRFROV

� 1HHG#D#QHWZRUN#LQGHSHQGHQW#DGGUHVVLQJ#VFKHPH

� 1HHG#D#KLHUDUFKLFDO#DGGUHVVLQJ#VFKHPH#+H1J1/#
XQOLNH#(WKHUQHW#DGGUHVVHV,#

&678:#,3#/D\HU

)RUPDW#RI#WKH#,3#$GGUHVV

� ,3#DGGUHVV#FRQWDLQV#
� 1HWZRUN#ILHOG
� +RVW#ILHOG

� 'HVLJQ#TXHVWLRQ=#+RZ#PDQ\#ELWV#WR#
DOORFDWH#WR#HDFK#ILHOG"
� 6L]H#RI#QHWZRUN#ILHOG# #PD[LPXP#QXPEHU#
RI#QHWZRUNV

� 6L]H#RI#KRVW#ILHOG# #PD[LPXP#QXPEHU#RI#
KRVWV#SHU#QHWZRUN#

&678:#,3#/D\HU

&ODVVHV#RI#,3#$GGUHVVHV
+1HWZRUN#7\SHV,
� 8QLFDVW DGGUHVVHV=

� 1RWH=#QR#XQLFDVW#DGGUHVV#VWDUWV#ZLWK#444#+L1H1/#
KDV#557#RU#ODUJHU#LQ#LWV#PRVW#VLJQLILFDQW#E\WH,

3 1HWZRUN +RVW
4##########:#####################################57

&ODVV#$

4 1HWZRUN +RVW3
4###4#################47#################################49

&ODVV#%

4 1HWZRUN +RVW4
4###4###4#######################54############################## ;

&ODVV#&3

&678:#,3#/D\HU

&ODVVHV#RI#,3#$GGUHVVHV
+1HWZRUN#7\SHV,
� &ODVV#$#QHWZRUN=

� 459#QHWZRUNV>#49#PLOOLRQ#KRVWV#SHU#QHWZRUN
� &3/#DQG#&45:#DUH#UHVHUYHG

� &ODVV#%#QHWZRUN=
� 49#WKRXVDQG#QHWZRUNV>#98#WKRXVDQG#KRVWV#
SHU#QHWZRUN#

� &ODVV#&#QHWZRUN=
� 5#PLOOLRQ#QHWZRUNV>#587#KRVWV#SHU#QHWZRUN
� &3#DQG#&588#DUH#UHVHUYHG#
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&678:#,3#/D\HU

([HUFLVH
� )LQG#WKH#,3#DGGUHVV#FODVV#+L1H1/#QHWZRUN#
W\SH,#RI#HDFK#RI#WKH#IROORZLQJ#VLWHV=
� 4:419<15431578
� ZZZ1FQQ1FRP
� EOXH1XQL[1YLUJLQLD1HGX
� HHFV1PLW1HGX
� ZZZ1DPD]RQ1FRP
� PDPED1FV1YLUJLQLD1HGX

&678:#,3#/D\HU

2WKHU#,3#$GGUHVVHV
� 0XOWLFDVW#+FODVV#',#DGGUHVVHV

� 7KH#SDFNHW#LV#GHOLYHUHG#WR#DOO#GHVWLQDWLRQV#OLVWHQLQJ#
WR#WKH#PXOWLFDVW#DGGUHVV

� &ODVV#(#DGGUHVVHV#+XQXVHG,

� %URDGFDVW#DGGUHVV=#588158815881588

4 0XOWLFDVW#JURXS#,'4
4###4###4###4################################5;

&ODVV#'4 3

4 5HVHUYHG#IRU#IXWXUH#XVH4
4###4###4###4###4############################5:

&ODVV#(4 34

&678:#,3#/D\HU

,3#)RUZDUGLQJ#7DEOHV
� %DVHG#RQ#QHWZRUN#DGGUHVVHV

'HVWLQDWLRQ 1H[W#KRS#+SRUW,

1HWZRUN#;

1HWZRUN#<

1HWZRUN#=

1HWZRUN#:

(

&

$

%

)
' 1HWZRUN#;

1HWZRUN#<

1HWZRUN#=

1HWZRUN#:

(

&

&

$

&678:#,3#/D\HU

,3#)RUZDUGLQJ

Lookup packet’s destination network_num
if ( network_num = one of my interfaces)
then

Deliver to destination over that interface
else

if ( network_num is in my forwarding table)
then

Deliver to Next Hop router
else

Deliver to default router

&678:#,3#/D\HU

$UH#,3#$GGUHVV#&ODVVHV#D#*RRG#
,GHD"#

� ,PDJLQH#D#FXUUHQF\#ZLWK#GHQRPLQDWLRQV#'4#
+FODVV#&,/#'583#+FODVV#%,/#DQG#'95/333#
+FODVV#$,1

� &ODVV#&#LV#WRR#VPDOO/#FODVV#$#LV#WRR#ELJ/#VR#
PRVW#XVH#FODVV#%/#EXW#GRQ¶W#IXOO\#XWLOL]H#LW1

� ,QWHUQHW#UXQV#RXW#RI#,3#DGGUHVVHV$
� 2QH#WHPSRUDU\#VROXWLRQ=#VXEQHWV

&678:#,3#/D\HU

6XEQHWV
� 7KH#LGHD#LV#WR#VKDUH#WKH#VDPH#,3#QHWZRUN#
QXPEHU#DPRQJ#PXOWLSOH#VXEQHWV

� 6XEQHWV#RI#D#QHWZRUN#VKRXOG#UHVLGH#LQ#WKH#
VDPH#JHQHUDO#ORFDOH#+H1J1/#FROOHJH#FDPSXV/#
FRUSRUDWH#ORFDWLRQ/#«,

� 5RXWHUV#RQ#DQ#,3#QHWZRUN#NQRZ#WKH#ORFDO#
VXEQHWV

� 5HPRWH#URXWHUV#QHHG#WR#NQRZ#RQO\#WKH#
QHWZRUN#DGGUHVV
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&678:#,3#/D\HU

6XEQHWWLQJ
� 6XEQHW#PDVN#GHWHUPLQHV#WKH#VXEQHW#ILHOG#
ZLWKLQ#WKH#,3#DGGUHVV

Network number Host number

Class B address

Subnet mask (255.255.255.0)

Subnetted address

111111111111111111111111 00000000

Network number Host IDSubnet ID

)LJXUH#7157
3HWHUVRQ#)#'DYLH

&678:#,3#/D\HU

6XEQHW#([DPSOH

)RUZDUGLQJ#WDEOH#DW#URXWHU#54
6XEQHW#1XPEHU##6XEQHW#0DVN########1H[W#+RS
45;1<916713########58815881588145;##LQWHUIDFH#3
45;1<9167145;####58815881588145;##LQWHUIDFH#4
45;1<916613########5881588158813######55

Subnet mask: 255.255.255.128
Subnet number: 128.96.34.0

128.96.34.15 128.96.34.1
H1

R1

128.96.34.130
Subnet mask: 255.255.255.128
Subnet number: 128.96.34.128

128.96.34.129
128.96.34.139

R2
H2

128.96.33.1
128.96.33.14

Subnet mask: 255.255.255.0
Subnet number: 128.96.33.0

H3

)LJ#7158
3HWHUVRQ#)#'DYLH

7DEOH#7143#3HWHUVRQ#)#'DYLH

&678:#,3#/D\HU

+LHUDUFKLFDO#,3#)RUZDUGLQJ#
ZLWK#6XEQHWV

� 7KH#VFKHPH#DOORZV#D#60OHYHO#KLHUDUFK\
� 5RXWLQJ#WDEOH#HQWULHV#IDOO#LQWR#WKUHH#
FDWHJRULHV=
� +UHPRWH#QHWZRUN,#=#IRUZDUGLQJ#DGGUHVV
� +P\#QHWZRUN/#VXEQHW,#=#IRUZDUGLQJ#DGGUHVV
� +P\#QHWZRUN/#P\#VXEQHW/#KRVW,#=#
IRUZDUGLQJ#DGGUHVV

&678:#,3#/D\HU

4<<5#± 7KH#&ROODSVH#RI#WKH#
,QWHUQHW#+WKDW#QHYHU#KDSSHQHG,

� Exhaustion of the class-B network address space. One 
fundamental cause of this problem is the lack of a network 
class of a size that is appropriate for a mid-sized 
organization. Class-C, with a maximum of 254 host 
addresses, is too small, while class-B, which allows up to 
65534 addresses, is too large to be densely populated. The 
result is inefficient utilization of class-B network numbers. 

� Routing information overload. The size and rate of growth of 
the routing tables in Internet routers is beyond the ability of 
current software (and people) to effectively manage. 

� Eventual exhaustion of IP network numbers. 

Quoted from IETF RFC 1517 as causes for an 
impending Internet collapse:

&678:#,3#/D\HU

&ODVVOHVV#,QWHU0'RPDLQ#
5RXWLQJ#+&,'5,
� *HQHUDOL]HV#WKH#VXEQHW#DUFKLWHFWXUH

� ,PSRVHV#QR#UHVWULFWLRQV#RQ#FODVVHV
� $OORZV#KLHUDUFKLHV#RI#DUELWUDU\#OHQJWK
� 3HUIRUPV#ORQJHVW#SUHIL[#PDWFKLQJ#DW#URXWHUV

� ([DPSOH=

� 0DWFK##
� 43334344##34443343##34334443##34334334#"

100010110

01001

11

10010

1101

100

010

&678:#,3#/D\HU

0LGWHUP

86######83######7:#######77#######74#######6;#######68

54 54

45

:
8

6

$YHUDJH#JUDGH=#791:283#+$,
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&678:#,3#/D\HU

5HYLHZ#RI#6XEQHWWLQJ
� 3UREOHP#49/#S1#689=

� 45;1<916<13 58815881588145; 3RUW#4
� 45;1<916<145; 58815881588145; 3RUW#5
� 45;1<917313 58815881588145; 3RUW#6
� 4<917148613 5881588158814<5 3RUW#7
� 2WKHU +GHIDXOW, 3RUW#8

� :KHUH#GR#WKH#IROORZLQJ#SDFNHWV#JR"#
� 45;1<916<143
� 45;1<9173145
� 45;1<91731484
� 4<517148614:
� 4<51714861<3

&678:#,3#/D\HU

7KH#5RXWLQJ#3UREOHP

� 5RXWLQJ#LV#D#JUDSK0WKHRUHWLF#SUREOHP
� :KDW#LV#WKH#OHDVW#FRVW#SDWK#IURP#VRXUFH#WR#
GHVWLQDWLRQ"

$
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&678:#,3#/D\HU

'LVWDQFH#9HFWRU#5RXWLQJ#+5,3,

� (DFK#QRGH#PDLQWDLQV#D#GLVWDQFH#WDEOH#ZLWK#
HQWULHV#RI#WKH#IRUP=#
� (Destination, Cost, NextHop)

� 1RGHV#H[FKDQJH#XSGDWHV#ZLWK#GLUHFWO\#
FRQQHFWHG#QHLJKERUV#+WULJJHUHG#YHUVXV#
SHULRGLF#XSGDWHV,

� (DFK#XSGDWH#LV#D#OLVW#RI#SDLUV=
� +Destination, Cost)

� 8SGDWH#URXWLQJ#WDEOH#LI#UHFHLYH#D#³EHWWHU´#
URXWH

&678:#,3#/D\HU

+LVWRULFDO#3HUVSHFWLYH
� ,QLWLDO#LQWURGXFWLRQ=

� ,(7)#5)&#438;/#4<;;#± 5RXWLQJ#,QIRUPDWLRQ#
3URWRFRO#+5,3,

� ,(7)#5)&#4:56/#4<<7#± 5,3#Y5
� $XWKHQWLFDWLRQ
� 6XEQHWWLQJ26XSHUQHWWLQJ
� 0XOWLFDVW

� 5,3QJ#IRU#,3Y9/#4<<:
� 7RGD\=#,(7)#5,3#:RUNLQJ#*URXS#

� 5,3#GLVXVVLRQ= LHWI0ULS#ED\QHWZRUNV1FRP#

&678:#,3#/D\HU

,QLWLDO#6WDWH
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5RXWLQJ#8SGDWHV
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0 5###5###-###0 0 7
4###-###7###5###0 0 9
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&678:#,3#/D\HU

5RXWLQJ#7DEOH#,QIRUPDWLRQ

� $IWHU#ILUVW#VHW#RI#PHVVDJH#H[FKDQJHV
� $OO#QHLJKERUV#WZR#KRSV#DZD\#DUH#NQRZQ
� 2SWLPDO#50KRS#URXWHV#DUH#NQRZQ

� $IWHU#VHFRQG#VHW#RI#PHVVDJH#H[FKDQJHV
� $OO#QHLJKERUV#WKUHH#KRSV#DZD\#DUH#NQRZQ
� 2SWLPDO#60KRS#URXWHV#DUH#NQRZQ

� $IWHU#WKH#QWK VHW#RI#PHVVDJH#H[FKDQJHV"

&678:#,3#/D\HU

7KH#&RXQW#WR#,QILQLW\
3UREOHP

& % $
4 4

& % $
4

,#FDQ#UHDFK
&#DW#FRVW#5

& % $
4

,#FDQ#UHDFK
&#DW#FRVW#6#
+YLD#$,

,#FDQ#UHDFK
&#DW#FRVW#7#
+YLD#%,

,#FDQ#UHDFK#
&#DW#FRVW#4

,#FDQ#UHDFK
&#DW#FRVW#8#
+YLD#$,

,#FDQ#UHDFK
&#DW#FRVW#9#
+YLD#%,

&678:#,3#/D\HU

$YRLGLQJ#&RXQW#WR#,QILQLW\

� %RXQGHG#KRS#FRXQW
� 6WRS#FRXQWLQJ#HDUO\#+H1J1/#DW#FRXQW#49,

� 6SOLW#KRUL]RQ
� 'RQ¶W#VHQG#WR#QRGH#$#XSGDWHV#\RX#GHULYHG#
IURP#$¶V#UHSRUWHG#GLVWDQFHV

� 6SOLW#KRUL]RQ#ZLWK#SRLVRQ#UHYHUVH
� 5HPDLQLQJ#SUREOHP=

� &\FOHV#ZLWK#6#RU#PRUH#QRGHV1

&678:#,3#/D\HU

6SOLW#+RUL]RQ

& % $
4 4

& % $
4

,#FDQ#UHDFK
&#DW#FRVW#5/
%XW#,#ZRQ¶W#
WHOO#%$

& % $
4

,#FDQ¶W#
UHDFK
&#

,#FDQ¶W#
UHDFK
&#

,#FDQ#UHDFK#
&#DW#FRVW#4

&678:#,3#/D\HU

6SOLW#+RUL]RQ#ZLWK
3RLVRQ#5HYHUVH

& % $
4 4

& % $
4

,#FDQ#UHDFK
&#DW#FRVW#5/
%XW#,¶OO#WHOO#
%#WKDW#,#
FDQ¶W$

& % $
4

,#FDQ¶W#
UHDFK
&#

1RZ#,#UHDOO\
FDQ¶W#UHDFK

&#

,#FDQ#UHDFK#
&#DW#FRVW#4

&678:#,3#/D\HU

/LQN#6WDWH#5RXWLQJ#+263),
� &XUUHQW#YHUVLRQ=#263)#Y5#+5)&#565;/#4<<;,
� 6WUDWHJ\

� VHQG#WR#DOO#QRGHV#+QRW#MXVW#QHLJKERUV,#LQIRUPDWLRQ#
DERXW#GLUHFWO\#FRQQHFWHG#OLQNV#+QRW#HQWLUH#URXWLQJ#
WDEOH,

� /LQN#6WDWH#3DFNHW#+/63,
� LG#RI#WKH#QRGH#WKDW#FUHDWHG#WKH#/63
� FRVW#RI#OLQN#WR#HDFK#GLUHFWO\#FRQQHFWHG#QHLJKERU
� VHTXHQFH#QXPEHU#+6(412,
� WLPH0WR0OLYH#+77/,#IRU#WKLV#SDFNHW
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&678:#,3#/D\HU

'LMNVWUD¶V#$OJRULWKP
� )LQGV#WKH#VKRUWHVW#SDWK#IURP#D#QRGH#V WR#
HYHU\#RWKHU#QRGH#LQ#D#JUDSK

Marked = {s}
For each node n (other than s) in the graph

Cost(n) = link(s,n)
While some nodes remain unmarked

Find the minimum distance unmarked node from s, sayw
Marked = Marked + w
For each unmarked node, n

C(n) = min {C(n), C(w) + link (w,n)}

&678:#,3#/D\HU

([DPSOH=

%

'

&$

8 6

43
44 5

&RQILUPHG##### 7HQWDWLYH

' %+44,/#&+5,

'/#&+5, %+8&,/#$+45&,
%

&&$

'/#&+5,/#%+8&, $+43&,
%

'/#&+5,/#%+8&,/#$+43&,$

&678:#,3#/D\HU

0RUH#5RXWLQJ#,QIRUPDWLRQ

� ,(7)#KRPHSDJH
� ZZZ1LHWI1RUJ

� 'LVFXVVLRQ#OLVWV
� RVSI#GLVFXVV1PLFURVRIW1FRP#
� LHWI0ULS#ED\QHWZRUNV1FRP#


