Network Layer

So far:

Data plane: packet content and per-router forwarding/flow rules

Today:

Control plane: how forwarding/flow rules get installed
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Rationale for Dijkstra's

d(y) is the shortest distance from x to y

c(v,y) reports the distance from v to immediately connected y
d(y) = min, {d(v)+c(v,y)}

Using v € set of nodes for which we’ve found d,(v):
* add smallest possible d,(y) among available y

» we've always picked smallest so far,
and each next pick is same or longer,
so we’ll never find a smaller route later
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Rationale for Bellman-Ford

d(y) is the shortest distance from x to y

c(x, v) reports the distance from x to immediately connected v
d(y) = min, {clx,v)+d(y) }

Start with d(y) = c(x, y) where defined, d,(y) = « otherwise
* check every c(x, v) + d,(y) and maybe update d,(y)

* update can only get smaller,
and steps down are a fixed size,
so we'll eventually hit bottom everywhere

81



X |—>x

YOO

Z ©

Finding Routes with Bellman-Ford

u 2—>u
v O

w 3-w

X 25X

YOO

Z ©

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u |—>u
v 2—>v

w 3—>w

x 0

Z

Iteration |

82



X |—>x

YOO

Z ©

Finding Routes with Bellman-Ford

u 2—>u
v O

w 3-w

X 25X

YOO

Z ©

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u |—>u
v 2—>v

w 3—>w

x 0

Z

Iteration |

83



+2

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

84



U2—>u
v o0

w 3—>w

v 2—>v

w 5—>w

X 2—>x

YOO

Z ©

YOO

Z ©

N

. 6 not better

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

85



+2

u 2—>u X2—>x
v O y ©

3> ©
w 35w z N u
uo0 X |-x |

2+0
v2>v  not better
w 55w Z |

Finding Routes with Bellman-Ford

u |—>u

v 2—>v

w 3—>w

Z

u 2-u X 2-x
v O y ©
w 3w Z ®

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

86



X 2—>x

AU

X |—>x

YOO

not better

Finding Routes with Bellman-Ford

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u |—>u

v 2—>v

w 3—>w

Z

u 2-u X 2-x
v O y ©
w 3w Z ®

3

Iteration |



+2

Finding Routes with Bellman-Ford

5
2
u 2-u X 2%
v O y ©
w 35w Zfl \.u
LT
u o xI-x | not better
v 2—>v Yy «©
w 55w Z o

N

u 2—>u
v O

w 3-w

X 25X

YOO

Z ©

u |—>u x 0

w 3w Z o

v 2—>v V4 |—>y

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

88



+2

Finding Routes with Bellman-Ford

u 2—>u
v O
W 3—>w
uo
2+
V2oy o yw not better
w 5w Z \
u |—>u x 0

v 2—>v V4 |—>y

w 3w Z o

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

89



Finding Routes with Bellman-Ford

not better

u |—>u x 0

v 2—>v V4 |—>y

w 3w Z o

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

90



+2

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

91



+5

u 5-u X 3-x
v 3ov y I-y
wo z 5>z
uo x |-x
vV 2-v y ©
w 5w Z

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

92



u 5-u

v 3-v

w0
ug
vV 25y

w 5—>w

X 35X
ZS—)Z N
not be
y 00

Z ©

Finding Routes with Bellman-Ford

u

tter |
u |—>u x 0
v 2—>v V4 |—>y
w 35w Z©

u 2-u X 2-x
v O y ©
w 3w Z ®

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

93



u 5-u X 35X
v 3-v y I-y

0 5-
w z 557 N u
uo x |-x |

5+3
v2-v  not better
w 55w Z |

Finding Routes with Bellman-Ford

u |—>u

v 2—>v

w 3—>w

Z

u 2-u X 2-x
v O y ©
w 3w Z ®

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

94



u 5-u X 35X
v 3-v y I-y
0 55
w z 5-z2 & u
uo X |>x
\4 2—>v Yy o©
5+0
w5-w  pot better

Finding Routes with Bellman-Ford

u |—>u

v 2—>v

w 3—>w

Z

u 2-u X 2-x
v O y ©
w 3w Z ®

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

95



Finding Routes with Bellman-Ford

5
2
u 5-u X 35X
v 3-v y I-y
w0 2.5_—l>z A u
OT3
u o xI-x | not better
v 2—>v Yy «©
w 55w Z o

N

u2—>u
v O

w 3-w

X 25X

YOO

Z ©

u |—>u x 0

w 3w Z o

v 2—>v V4 |—>y

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

96



Finding Routes with Bellman-Ford

u 5-u X 35X
v 3-v y I-y
w0 z 552
uo x |-x
5+
v 2—>v Yy «©
w 55w Z o

can improve
N

u 2—>u
v O

w 3-w

X 25X

YOO

Z ©

u |—>u x 0

v 2—>v V4 |—>y

w 3w Z o

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

97



u 5-u X 35X
v 3-v y I-y
w0 z 55z
uo X |>x
vV 25y y 6w

5+5
w 55w Z o

Finding Routes with Bellman-Ford

| can improve

u |—>u

v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

98



+5

u 5-u X 3-x
v 3ov y I-y
w0 z 5>z
uo x |-x
v 2oy y 6w
w 5w z 10-w

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

99



u l-u
v 2—>v

w 3—>w

v 2—>v

w 5—>w

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

100



u l-u
v 2—>v

w 3—>w

v 2—>v

w 5—>w

x 0

Z ©

! not better

y 6w

z |0—>W

u

Finding Routes with Bellman-Ford

u 2—>u X 2—>X

u |—>u

v 2—>v

w 3—>w

v O y ©

w 3w Z ©

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

101



u l-u x 0
vV 25y y Iy

3—> o0
W \"" z \ u
uo0 X |-x |

|+2
v 2-v  not better
whsw  z |oﬁw|

Finding Routes with Bellman-Ford

u |—>u

v 2—>v

w 3—>w

Z

u 2-u X 2-x
v O y ©
w 3w Z ®

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

102



u l-u x 0

vV 2oy y Iy

w 35w Z o

uo X |>x

vV 25v y 6w
|+3

W5—>W

can improve

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

103



Finding Routes with Bellman-Ford

u 2—>u
v O

w 3-w

X 25X

YOO

Z ©

5
2
u l-u x 0
vV 2oy y Iy
w 35w Z?l \.u
1 T0
u o xl-x | not better
v 2—>v V4 6—>W
W4—>X z |0—>W
u |—>u x 0
v 2—>v V4 |—>y
w 3w Z o

3

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

Iteration |

104



Finding Routes with Bellman-Ford

u l-u x 0

vV 2oy y Iy

w 35w Z o

uo x |-x
| +1

vV 25y y 6w

W4—>X z |0—>W

can improve
N

u |—>u x 0
v 2—>v V4 |—>y

w 3w Z o

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0
w | >w zZ2-7

Iteration |

105



Finding Routes with Bellman-Ford

u l-u x 0
vV 2oy y Iy
3>
w w Z © A u
uo x |-x
v 2oy y 2-x
| +o
w 4-x z |0—>W|

not better \

u |—>u x 0
v 2—>v V4 |—>y

w 3w Z o

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

106



u l-u x 0

vV 2oy y I-y
w 3-w Z
uo x |-x
vV 2-v y 2-x
w 4-x z 10-w

Finding Routes with Bellman-Ford

u |—>u
v 2—>v

w 3—>w

x 0

Z

u 5—>u
v 3-v

w0

X 3—>X

y |-y

z 552

u 2—>u X2—>X
v O y ©
w 3-w Z ©
3
3
|
u X |->x
v y 0

Iteration |

107



X |—>x
V4 2—>x

z |0—>W

v O y 3-x

w 3w zZ 8->w

3

Finding Routes with Bellman-Ford

u 2—>u X 2—>X

u 4—>X
v 3-v

w0

X 2—>y

y I-y
z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x

\ 3—>x

W|—>W

X|—>x
y 0

zZ2-7

u |0—>W
v 8-w

w 3-y

X 3oy

y 2oy
z0

Changed, so go again

458



X |—>x
V4 2—>x

z |0—>W

v O y 3-x

w 3w zZ 8->w

3

Finding Routes with Bellman-Ford

u 2—>u X 2—>X

u 4—>X
v 3-v

w0

X 2—>y

y |-y

z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x
\ 3—>x

W|—>W

X|—>x
y 0

zZ2-7

u |0—>W

v 8-w

w 3-y

X 3oy

y 2oy
z0

Iteration 2

459



X |—>x
V4 2—>x

Z 4-x

v O y 3-x

w 3w z 5-x

Finding Routes with Bellman-Ford

u 2—>u X 2—>X

u 3—>y
v 3-v

w0

X 2—>y

y I-y
z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x

\ 3—>x

W|—>W

X|—>x
y 0

zZ2-7

u 4—>y
v 5oy
w 3-y

X 3oy

y 2oy
z0

Changed, so go again

620



X |—>x
V4 2—>x

Z 4-x

v O y 3-x

w 3w z 5-x

Finding Routes with Bellman-Ford

u 2—>u X 2—>X

u 3—>y
v 3-v

w0

X 2—>y

y |-y

z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x
\ 3—>x

W|—>W

X|—>x
y 0

zZ2-7

u 4—>y
v 5oy

w 3-y

X 3oy

y 2oy
z0

Iteration 3

621



X |—>x
V4 2—>x

Z 4-x

v O y 3-x

w 3w z 5-x

u 3—>y
v 3-v

w0

Finding Routes with Bellman-Ford

u 2—>u X 2—>X

X 2—>y

y I-y
z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x
\ 3—>x

W|—>W

X|—>x
y 0

zZ2-7

u 4—>y
v 5oy
w 3-y

X 3oy

y 2oy
z0

Found fixed point
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X |—>x
V4 2—>x

Z 4-x

v O y 3-x

w 3w z 5-x

u 3—>y
v 3-v

w0

Finding Routes with Bellman-Ford

u 2-u X 25X

X 2—>y

y I-y
z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x

\ 3—>x

W|—>W

X|—>x
y 0

zZ2-7

u 4—>y
v 5oy
w 3-y

X 3oy

y 2oy
z0

Table merging requires only

pairwise communication
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X |—>x
V4 2—»)(

z 4—>x

v O y 3-x

w 3w z 55x

3

u 3—>y
v 3-v

w0

Finding Routes with Bellman-Ford

u 2-u X 25X

X 2—>y

y I-y
z 3>y

u |—>u

v 2—>v

x 0

z 3—>y

u 2—>x
\ 3—>x

W|—>W

X|—>x
y 0

Z 257

u 4—>y
v 5oy
w 3-y

X 3oy

y 2oy
z0

Current computation risks

out-of-date information

temporarily, but catches up

to reach fixed point
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Worst-Case Iterations for Bellman-Ford

b 2-b e b0 e b 2-b e b » e 2-e b e0 b »
C® f o c 2-c f o cO f o c 2-c f o C® f 2f C ©
Iteration |
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Worst-Case Iterations for Bellman-Ford

a0
b2-b
C 4—>b

a 2—>a
b0

C 2—>c

a® d2-d a®
b« el b »
c 4-d f 2-f C o

d4-e
e 2—>e

fo

Changed, so go again
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Worst-Case Iterations for Bellman-Ford

a0
b2-b
C 4—>b

d 6-b

a 2—>a
b0

C 2—>c

a w
b 6-d
c 4-d

a ©
b w

C 6—>e

Changed, so go again
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Worst-Case Iterations for Bellman-Ford

a0
b2-b
C 4—>b

d 6-b
e 8—>b

a 2—>a
b0

C 2—>c

b 6-d
c 4-d

d4-e
e 2—>e

fo

Changed, so go again
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Worst-Case Iterations for Bellman-Ford

a0
b2-b
C 4—>b

d 6-b
e 8—>b
f 10-b

a 2—>a
b0

C 2—>c

a 8—>d
b 6-d
C 4—>d

a l0-e
b 8-e

C 6—>e

d4-e
e 2—>e

fo

Changed, so go again
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Worst-Case Iterations for Bellman-Ford

a0
b2-b
C 4—>b

d 6-b
e 8—>b
f 10-b

a 2—>a
b0

C 2—>c

a 4—>b
b2-b
cO

a 8—>d
b 6-d
C 4—>d

a l0-e
b 8-e

C 6—>e

d4-e
e 2—>e

fo

Found fixed point
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Time Complexity

Dijkstra’s:
for each of N nodes
visit each of N-1 other nodes
checking each of up to M adjacent nodes

where picking each other node takes O(log N) time
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Time Complexity

Dijkstra’s:
for each of N nodes
visit each of N-1 other nodes
checking each of up to M adjacent nodes

where picking each other node takes O(log N) time

Bellman-Ford:
for each of N nodes
check tables of up to M adjacent nodes
where each table has N entries

and iterate up to N times

= O(M N log N)
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Time Complexity

Dijkstra’s:
for each of N nodes
visit each of N-1 other nodes
checking each of up to M adjacent nodes

where picking each other node takes O(log N) time

Bellman-Ford:
for each of N nodes
check tables of up to M adjacent nodes
where each table has N entries

and iterate up to N times > O0OM N3)

= O(M N log N)
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Time Complexity

Dijkstra’s:
for each of N nodes
visit each of N-1 othn* nadac
Requires global communication

checking each of »'y to v1 agjacent noaes

where picking each other node takes O(log N) time

Bellman-Ford:
for each of N nodes
check tables of up to M adjacent nodes
where each table has N entries

and iterate up to N times > O0OM N3)

= O(M N log N)
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Time Complexity

Dijkstra’s:
for each of N nodes
visit each of N-1 othn* nadac
Requires global communication

checking each of »'y to v1 agjacent noaes

where picking each other node takes O(log N) time > OM N? log N)

Bellman-Ford:
Can be local and in parallel
for each of N noles
check tables of up to M adjacent nodes

where each table has N entries

and iterate up to N times > O0OM N3)
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Time Complexity

Dijkstra’s:
for each of N nodes
visit each of N-1 othn* nadac
Requires global communication

checking each of »'y to v1 agjacent noaes

where picking each other node takes O(log N) time > OM N? log N)

1
Bellman-Ford: each node pays g of cost

Can be local and in parallel
for each of N neics
check tables of up to M adjacent nodes

where each table has N entries

and iterate up to N times > O0OM N3)
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Time Complexity

Dijkstra’s:
for each of N nodes

visit each of N-1 otho* nadae
Requires global communication
checking each of »'y to v1 agjacent noaes

where picking each other node takes O(log N) time > OM N? log N)

1
Bellman-Ford: each node pays g of cost

Can be local and in parallel
for each of N noles
Diff can be much smaller than N
check tables of up to M adjacent nodes

where each table has N entries

and iterate up to N times > O0OM N3)
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Applying Graph Algorithms in Networks

Dijkstra’s = link state (LS)
Typical for local networks, single responsibility

Prominent example: Open Shortest Path First (OSPF)

Bellman-Ford = distance vector (DV)
Typical for overall network, distributed responsibility

Prominent example: Border Gateway Protocol (BGP)
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Applying Graph Algorithms in the Internet

A network of networks

AS8452 AS7 | 4

AS17055
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Applying Graph Algorithms in the Internet

A network of networks

AS8452 AS7 | 4

AS17055
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Applying Graph Algorithms in the Internet

A network of networks

AS8452 AS7 | 4

197.42.0.0/16 17.3.0.0/16 17.1.2.0/24

== \v /
197.41.0.0/17 S
197.41.128.0/17
N >< (S

197.40.0.0/16 17.2.0.0/16 17.1.3.0/24

A

155.98.65.0/24 155.98.192.0/20 155. 98 130 0/20

e Tue

155.98.90.0/24 155.98.40.0/24
AS17055
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* ~plying Graph Algorithms in the Internet
Autonomous System (AS)
A network of networks

Managed as a whole by
some organization AS8452

AS17055
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* ~plying Graph Algorithms in the Internet

Autonomous System (AS)
A network of networks

Managed as a whole by
some organization AS8452 AS7 |4

picks its own /@\ —@
intra-AS routing /
configuration, @ \

often OSPF

AS17055
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Applying Graph Algorithms in the Internet

197.40.0.0/16 — right
197.41.128.0/17 - right

197.40.0.0/16 - down
197.41.128.0/17 - down
197.42.0.0/16 - up

197.41.0.0/17 - left

A NAP\AIA .I( of networl(s

AS7

4

o=l
197.42.0.0/16

-

.0.0/17

197.41

s N

197.40.0.0/16 - down
197.41.0.0/17 - down
197.42.0.0/16 - up

>/ \\\\

197.41.128.0/17
\6'5/

197.40.0.0/16

197.41.128.0/17 - right
197.41.0.0/17 — left
197.42.0.0/16 — left

AS17055
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Applying Graph Algorithms in the Internet

A network of networks

AS8452 AS7 | 4

TN /\@
=
\@/@ == =< border gateway

AS17055
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Applying Graph Algorithms in the Internet

A network of networks

AS8452 AS7 | 4

=
\@/@ % =< border gateway

AS17055

Must participate

in BGP for
inter-AS routing
configuration
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Adding a Subnet

AS8452 AS714

-

AS17055 155.98.68.0/23
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AS8452

Adding a Subnet

AS714

- IND

BGP 155.92.68.0/23 BGP 155.98.68.0/23
e =< <
ES =

-

AS17055 155.98.68.0/23
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Adding a Subnet

AS8452 AS7 |4

/B

==
197.41.128.0/17 - right
€197.41.0.0/17—>|eft :/9/ \
197.42.0.0/16 — left
== =
o A

BGP 155.98.68.0/23 BGP 155.98.68.0/23

-

AS17055 155.98.68.0/23
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Adding a Subnet

AS8452
e el

AS714

197.41

~ :
Egg;l97.4l.

197.42

155.98.

68.0/23 - down
128.0/17 - right
0.0/17 — left

0.0/16 — left

f%

BGP 155.98.68.0/23

— N —
VIS
=
|

BGP 155.98.68.0/23

-

AS17055 155.98.68.0/23
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Adding a Subnet

AS8452 AS7 |4
e el

155.98.68.0/23 - down —@
197.41.128.0/17 - right
e O N
Egg;l97.4l.0.0/l7—>k& g?;a
197.42.0.0/16 - left
Exg =

BGP 155.98.68.0/23 BGP 155.98.68.0/23

Acts as a diff on the
node’s distance table

-

AS17055 155.98.68.0/23
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Adding a Subnet

AS8452

< BGP 155.98.68.0/23

/@\ /\@
BGP 155.98.68.0/23>»

-

AS17055 155.98.68.0/23
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Adding a Subnet

-

AS17055 155.98.68.0/23
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Adding a Subnet

-

AS17055 155.98.68.0/23
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dest: 17.1.2.3

Hot Potato Routing

AS8452

AS17055
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dest: 17.1.2.3

Hot Potato Routing

AS8452

AS17055
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dest: 17.1.2.3

Hot Potato Routing

AS8452

AS17055
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Hot Potato Routing

AS8452 AST |4

dest:17.1.2.3(> \ / @17.1.2.3
==

Hot potato routing
gets a packet out of an AS
as quickly as possible

AS17055
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Finding Distributed Services via DNS
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Finding Distributed Services via DNS

/ e google.com
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Finding Distributed Services via DNS

dest: google.com

e google.com

dest: google.com
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Finding Distributed Services via DNS

dest: google.com

v

e google.com

e google.com

A

dest: google.com
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Finding Distributed Services via DNS

dest: google.com

v

e google.com
142.250.1.1

e google.com
104.191.1.1

A

dest: google.com
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Finding Distributed Services via DNS

e google.com
/ 104.191.1.1

A

dest: 104.191.1.1

e google.com
142.250.1.1

DNS servers can point different parts of the
network in different directions
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Finding Distributed Services via IP Anycast

/-8.8.8.8
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Finding Distributed Services via IP Anycast

BGP:8.8.8.8/32

e 5.8.8.8

BGP:8.8.8.8/32

v
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Finding Distributed Services via IP Anycast

BGP:8.8.8.8/32

Forwarding tables act as a level
of indirection for IP addresses
to support IP anycast

e 5.8.8.8

BGP:8.8.8.8/32

v
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Finding Distributed Services via IP Anycast

/.

BGP:8.8.8.8/32

IP anycast works best for DNS and similar,
where there’s no connection to maintain

8.8.8.8

BGP:8.8.8.8/32

v
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Summary

The network layer’s control plane configures routers

Dijkstra’s algorithm as implemented in a
link state (LS) routing protocol
good for deriving local routing

The Bellman-Ford algorithm as implemented in a
distance vector (DV) routing protocol
good for deriving global routing

BGP is a DV routing protocol that is the inter-AS standard
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