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Mod08 Lecture 40
Shortest Path Problems (Contd.)

So in our last class, we were solving shortest path problems. Now we will continue from
there. Very quickly in our last lecture, we have seen the Bellmans optimality principle that if
we have reached a particular point, no matter how we have reached, the remaining distances
should be optimally found, right. So that is the essential idea and based on which we have an

algorithm call Dijkstras algorithm.
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Dijkstra’s Algorithm

Step 1

Assign label 0 to starting node s and all other nodes a label
@, Make s a permanent node. Let p = s; p is the last node
made permanent.

Step 2

Letd, be the distance from node p to all other non-
permanent nodes k. Recompute I, the label of each node
k as:

Ik = Min{lk,[lp-rclpk}}

Step 3

If the ending node t is made permanent, stop. Lt is the
shortest path from s to t.

Else go to step 2.
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.
Now this is how the official statement of the Dijkstras algorithm, let us note it down. First of
all assign a level O to the starting node s and all other nodes a level infinity. Make s a
permanent node, let p equal to s where p is the last node made permanent that is the step 1. At
the step 2, Dpk be the distance from node p to all other non-permanent nodes k. Recomputed
lk means the level of all the remaining nodes as minimum of lk the current level and Ip plus
Dpk, right. So that is step 2. Step 3, if the ending node t is made permanent then stops. Lt is
the shortest path from s to t, is all right, else go to step 2 otherwise keep computing. So idea
is that all the nodes should be made permanent when all the nodes are permanent then the

Dijkstras algorithm really stops, right.
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Dijkstra’s Algorithm

Consider a network with distances:
* s-a:20; s-b:55; s-d:75; a-c:82; a-d: 92; b-c: 71;
b-d: 47; c-t: 35; d-t: 75.

* Find out the shortest path between s and t.

Now let us look at one more problem. So this is a network then we have these distances s to a
and a to ¢ etcetera and you know we have to find let us say, the shortest path between s and t.
really you see, like here you are having the network shown, a many a time it is not always the
network will be drawn for you, right. Basically all you have is a matrix something like a
distance matrix that s, a, b all the nodes on one side and the other nodes on the other side and
the distances between them that is the matrix that will be available to you, right. So if we

have to follow the Dijkstras algorithm how do we go about?
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Dijkstra’s Algorithm

Distance s a b e d t
Matrix
s - 20 55 - 75 -
a 20 - - 82 92 -
b 55 - - 71 47 -
c - 82 71 - - 35
d 75 92 47 - - 75
t = = = 35 75 - S

So if you look at it that we create the distance matrix. So here is the distance matrix, this side
is the nodes that side is also the nodes and s to a, s to b, s to d and if you see, you know the
node s to node a is 20 and node a to node s is also 20, then this particular all the rows, the
first row and first column, second row and second column they will be identical, but if the
distance s to a or a to s are different then we have different rows and column values. So

anyhow this is the distance matrix, we obtain first.
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Dijkstra’s Algorithm

Step0 |[s a b |c d t
Temp 0 L] L) o ] o3

label I(j) | #

Perma |Yes |No |[No ([No |No |No
nent?

Made - - -
from

Initially, all the nodes are assigned an « label except
the starting node s which is assigned a label of 0.

‘s’ is made a permanent node.

Now after the distance matrix is obtained you see, first we have made s permanent right. s is
made permanent and temporary level is assigned to s as 0, then a,b,c,d,t all the remaining

nodes they are assigned as infinity as the your temporary level. Now is anything is



permanent. Now s is made permanent, so this is s and this arrow means that this is the last
node that is to have been made permanent and made from I mean nothing, because after all s

has to be made from s what we need or write it, right. So that is the first step.

Now what we should do? Please think, I have already shown one example, in our last lecture.
So how what should you do from s? What are the points you can reach? You can reach a, d
and b, there are direct paths where direct path is not there, we consider the distance to be
infinity and since, infinity as a level is already there, we need not compute them. So what will
be the new level of a? You see, it should be the lower of current level of a, which is infinity
then 0 plus, because level of s is 0 last node to have made permanent plus the distance. So 0
plus 20 is 20, so 20 is lower of 20 and infinity. So level of a should be now 20 instead of
infinity. How much should be b, b should be then 55 and d should be 75.
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Dijkstra’s Algorithm

Step1 (s a b c |d t
Temp 0 20 (55 |= (75 |=
label I{i)| #

Perma |Yes |Yes |No |[No |No |No
nent?

Made - s s - 3 -
from

I(a) = Min {I(a), I(s) + d(s,a)} = Min {=, 0+20} = 20 **
I(b) = Min {I(b), I(s) + d(s,b)} = Min {=, 0+55} = 55
I(d) = Min {I(d), I(s) + d(s,d)} = Min {=, 0+75} = 75

*+ ‘a'is now made permanent from node ‘s’

So exactly that is what is done here that 0, 20,55 and 75. Now which one should be made
permanent you have to make out of all the node see, 0 is already taken out, because it is
already permanent out of the remaining nodes which one is the minimum? A is the minimum.
So then it is you know optimal distance from s to a will be 20 and then we make a as also
permanent. So a is made permanent and a is made permanent from whom from s, so that
made from s note it also. So s and a are now permanent a is the last node to have made
permanent right, a is the now made permanent from node s. So a is the last node to have

made permanent.



So now the next distances are to be computed from a. So a you see you can reach 2 nodes c
and d. So if you go to ¢ then it should be 20 plus 82, 102, but current value is infinity. So
which one is lower 102, so we can have a value of 102 now, but what about d. The d value
was 75 and if you go from a to d, a value is 20, so it will become 112. So no point exploring

that path 75 should remain.
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Dijkstra’s Algorithm

Step2 |s a b c d t

Temp 0 20 |55 [|102|75 (=

label I(i) b

Perma |Yes |Yes [Yes |[No |[No |[No
nent?

Made - s s a s -

from

I(b) = Min {I(b), I(a) + d(a,b)} = Min {55, 20+=} = 55 **
I(c) = Min {I(c), I(a) + d(a,c)} = Min {«, 20+82} = 102
I(d) = Min {I(d), I(a) + d(a,d)} = Min {75, 20+92} = 75

**'b’is now made permanent from node ‘s’

So that is what is shown here that here as remained and ¢ becomes 102. So look we have
recomputed c¢ as 102, t still remains infinity last node to have made permanent was a and
through which we have computed all these values and out of the remaining values, because
these 2 were already permanent. Now 55 is the lowest, so we make it permanent. So now b is
made permanent, so now s and b they are made permanent and this is also made from how
the b, look here, we computed currently. So this mistake people make sometimes, so at this

time we have made d and ¢ permanent.

So you may be thinking that one of them should be now sorry d and ¢ we have to
recomputed. So one of them should be made permanent, no it should be the global minimum
out of all the remaining nodes. So that is where the dynamic programming comes up, right. so
it is note that their recent calculated values only should be made permanent out of all the
remaining nodes, see s and a where already permanent out of all the remaining nodes that
node should be made permanent, which one is the lowest possible level. So since, the level of
b was 55, so b is made permanent. What the point so at the next round, the b is made

permanent. So again we recomputed all the values, so you see from b you can reach ¢ you can



reach d and you can reach t, you cannot reach t. So if you reach a c, the value is 55 plus 71,

which is you know higher than 102. If you reach d again that value is higher than 75.
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Dijkstra’s Algorithm

Step3 (s a b G d t

Temp 0 20 55 102 |75 "
label I(i) F

Perma |Yes |Yes |Yes [No |Yes |No
nent? T

Made - s s a s

from

I(c) = Min {I(c), I(b) + d(b,c)} = Min {102, 55+71} = 102
I(d) = Min {I(d), I(b) + d(b,d)} = Min {75, 55+47) = 75 **

**'d’is now made permanent from node 's’

So at this point when b is made permanent and last node to have made permanent is b we
have node you computation, right. The values that were available this t, but out of the
remaining 3, now d becomes permanent, because d is the value which is 75. So now d is also
made from see s not ¢ s, so therefore now which one is lowest, so d. so d should be made

permanent now.
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Dijkstra’s Algorithm

Stepd4 |s a b c d t
Temp 0 20 |55 (102 (75 |150

label I(i) F
Perma |Yes |Yes |Yes |Yes |Yes |No
nent?

Made - s s a s -

from

I(c) = Min {I(c), I(d) + d(d,c)} = Min {102, 75+=} = 102 **
I(t) = Min {I(t), I{d) + d(d,t)} = Min {«, 75+75} = 150

** ‘¢’ is now made permanent from node ‘a’

Dijkstra’s Algorithm

Step3 (s a b G d t

Temp 0 20 |55 |102|75 u|=
label I{i) A

Perma |Yes |Yes [Yes |[No |Yes | No
nent?

Made - s s a s -

from

I(c) = Min {l(c), I(b) + d(b,c)} = Min {102, 55+71} = 102
I(d) = Min {I(d), I(b) + d(b,d)} = Min {75, 55+47} =75 **

**'d"is now made permanent from node 's’

So at this round we have made d also as the permanent node, right.
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Dijkstra’s Algorithm

Stepd |s a b c d t
Temp 0 20 |55 (102 (75 |150

label I(i) F
Perma |Yes |Yes |Yes |Yes |Yes |No
nent?

Made - s s a s -

from

I(c) = Min {l(c), I(d) + d(d,c)} = Min {102, 75+=} = 102 **
I(t) = Min {I(t), I{d) + d(d,t)} = Min {=, 75+75} = 150

** ‘¢’ is now made permanent from node ‘a’

So actually now the at this round d was made permanent, after d is made permanent we again
calculate at d you see we can compute t as 150 and ¢ we do not change. So out of 102 and
150, since 75 is also there not permanent. So at this point 75 sorry, 75 was a last node to have

made permanent. So we make 102 that is ¢ as permanent, right.
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Dijkstra’s Algorithm

Step4 |s a b c d t
Temp |0 20 |55 |102 (75 (150

label I(i) F
Perma |Yes |Yes |Yes |Yes | Yes |No
nent?

Made - s s a s -

from

I(c) = Min {I(c), I(d) + d(d,c)} = Min {102, 75+=} =102 **
I(t) = Min {I(t), I(d) + d(d,t)} = Min {=, 75+75} = 150

** ‘¢’ is now made permanent from node ‘a’




Dijkstra’s Algorithm

Step5 |s a b c d t
Temp 0 20 55 102 |75 137
label I(i) A

Perma |Yes |Yes |Yes |Yes | Yes |Yes
nent?

Made - H ] a s c
from

I(t) = Min {I(t), I{c) + d(c,t)} = Min {150, 102+35} = 137**

**'t' is now made permanent from node ‘¢’

Proceeding like this at the last step, here we see that (())(10:26) value was 150 from c the
distance is lower so we make at this point 137, because the value of ¢ was 102 and now t will
become 137. So t is now 137 because the value of ¢ was 102 and now t will become 137. So t
is now made permanent and we have completed all the nodes are now having permanent
level. Is it all right? Sometimes if you really want only s to t distance if other nodes are not
permanent, but t is permanent s is permanent we can get the distance from s to t if that is all

that we want, right.

(Refer Slide Time: 11:07)

Dijkstra’s Algorithm

Step6 |s a b c d t
Temp 0 20 55 102 |75 137
label I{i)

Perma |Yes |[Yes | Yes |Yes | Yes |Yes
nent?

Made = s s a s c
from

Obtaining Shortest Path

'‘t" is made permanent from ‘c’. ‘c’ is made permanent from
‘a’, ‘a' is made permanent from ‘s’.

Hence, shortest path from ‘s’ to ‘t' is ‘s-a-c-t' and
the shortest distance is 137.

So now this is our complete table. These are the labels no more temporary, they are all
permanent. If all the levels are permanent and made from least is also available. So what we

do t is made permanent from c, ¢ is made permanent from a, a is made permanent from s. So



s to a to c to t that is the shortest path and that distance is 137, right. So that is Dijkstras

algorithm explained to you once more time.

What I said that when there are negative distances then we have the bellman Bellmans Ford.
This algorithm is nothing but an extension of force sorry, that Dijkstras algorithm, but only
difference is that we cannot make any of the nodes permanent. Is it all right? So it is like an
exploratory process. all the nodes has to be used for recompilations of the levels. So at every
round keep computing the you know, the what you call the values again and again until you
get a situation that no further levels are changing. So we will not discuss that in detail, but
just remember when negative distances are involved, one requirement is there should be a
loop, which has a total negative distance and second thing, we cannot make any of the nodes

permanent.
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Shortest Path Exercise

Find Shortest Path in the
graph shown from node s to
node t using:

* Dijkstra’s Algorithm

Also, find the length of the
shortest path.




Floyd’s Algorithm — Shortest
Path among All Pair of Nodes

48 B

A oy

Floyd's Algorithm is another algorithm to solve shortest path
problems. This algorithm gives shortest path from any n
any other node by using a matrix method.

32

So all the nodes are candidates for calculation at all the rounds. So that is the difference, but
we discuss now what is known as the Floyds algorithm. The Floyds algorithm essentially the
idea is to by this method using a matrix method we can find out the shortest path from any
anode to any other node, right. So that is algorithm known as the Floyds algorithm. How do
we do that? So let us take this particular shortest path problem where there are 1, 2,3,4,5
nodes and these are the distances. So we need to find out the shortest path from any node to

any other node. How do we proceed?

(Refer Slide Time: 13:38)

Floyd’s

D(0)

Alm|L]B]|x Alm|L]Bs[x
_A | ©0[23110) GO) 18 A 1] 2)3 | 415
M | 23|00 |10 48 |0 Im |1 ]2]3]|al|s
Ll10/10]lonl19] 7 L]41l213|als
B |oo|48 |19 |oo | 20 |B| 1| 2|3 | a|s
X |18 len |l 7 120 en X] 1213 |lals

Distance Matrix Route Matrix

So we make 2 matrixes, the first matrix is call the distance matrix and the second matrix is
called the Route matrix. The distance matrix is you know the distances like infinity A to A

and you know they are all infinity, X to M there is no such path. So it is also infinity, then like



M to X look no path from M to X, so infinity. So this is call the distance matrix and in this
distance matrix, you know this is symmetrical in the sense that, because up and down both
distances are same, but it need not be you know you can also take distances if A to M and M

to A are different, right.

Now route matrix is a matrix which is very simple, simply take (1,1,1,1,1),(2,2,2,2,2)
(3,3,3,3,3) and 4 and all 4 and all 5, right. All ones, all 2s, all 3s, all 4s and all 5. So simply
take it. Now for convention although the node names are A, M,L,B and X we call them as
1,2,3,4,5 also at some time. Just remember Ais 1, M is 2, L is 3, B is 4, X is 5. Now why they
are not named as 1,2,3,4, 5 in the beginning because it will confuse you otherwise, because
here also 1 and here also 1. So we will not be clear, but anyhow just remember that. So this is

the first round.
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Floyd’s Algorithm
We highlight the 1% column and row of s/ 20
D(0) and 1% column of R(0) and compare

all other items with the sum of the items
highlighted in the same row and column. A
If the sum is less than the item then it

should be replaced with the sum.

Alm|L|B]| x . Alm]|L|e ]| x

A loo [ 23|10 cof 18 Al1[2]|3 a5

M |23[c0 |10 48 |00 Mm|1[2]3|al|s

L|10/10fc0|19 ]| 7 L1 ]2]3]a]s

B |oo| 48|19 |op | 20 B|l1|2]|3|a]|s5s

X |18 gn | 7]20 | ¢n X Mol 2 | 3 | 415
D(0) Distance Matrix R(0) Route Matrix

At the second round what we do? We highlight the first column and the first row, right we
have highlighted the first column and the first row and here this column. So what is we do
now we try to find out the distances through A, right. All the distances we are now finding
through A, so M to X what is the distance through A? B to L what is the distance through A?
See B to L current distance is 19. What is the distance from B to L through A you see A to L
is 10 and B to A is infinity. So B to L through A is infinity out of infinity and 19 which one is
lower, 19. So we keep 19, but B to A what is the current distance from A to B, infinity. What
is the distance of B to A through A? There is no path, so we do not put any change to remain
(O)(16:35) 1it, let keep it infinity. What is the current distance from M to X or X to M is
infinity. What is a distance from M to X through A through A the distance is 23 and 18 you



see, through A, the distance because A is now highlighted. So M to X through A will be 23
plus 18 that is 41, look here also, M to Ais 23, Ato X is 18, so 23 plus 18 is 41.

(Refer Slide Time: 17:33)

Floyd’s Algorithm

See the highlighted item in red - the sum 20
of yellow highlighted items in
corresponding row and column is 23 + 23 =
46 - less than the original value infinity. A — ]
So the highlighted item in red will be X
replaced by 46.

AlmleiBslxf |
o0 [23|10 | 0| 18| |
23 10 | 48 | o0 |
10|10 o0 |19 | 7
oo | 48 [ 19 [co | 20

18 |on |7 |20 en| |

EENr S ]
n wn fom o fom |

_...al.._.,.
h o [ro [mo [mo [z

s (W) o e e |

» 0| = >
|0 |- = (>

D(0) Distance Matrix R(0) Route Matrix

M 48 B

Floyd’s Algorithm

We highlight the 1** column and row of 20
D(0) and 1* column of R(0) and compare

all other items with the sum of the items 18
highlighted in the same row and column. A —
If the sum is less than the item then it X
should be replaced with the sum.

MmIlL| B | x| |
23 |10 | 00| 18| |
o0 |10 | 48 |0
10 |oo|19] 7
| 48 | 19 [0 | 20
o0 7 20 | on

xllll-|§b
- - [

2's[als(8[>
AN A N ES
& ala s s D
n [un (o fen (om0

e e | e |2 -

x| |- (= >

D(0) Distance Matrix R(0) Route Matrix




Floyd’s
Algorithm

D(0)

AlmM]|L|B| X
0| 23|10 o0 18
23 |00 |10 | 48 | oo
10 | 10 | OO | 19 7
oo | 48 [ 19 (oo | 20
18 len | 7 [20[0n

alalafa sl
CORIR Y (X (V)

YNNI
on [on (e fon (on [

|

> W |- |= >
> 0| = >

Distance Matrix Route Matrix

So very simply you simply look at the corresponding row and corresponding sorry, column

and row and M to X is 23, sorry 18 here.
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M 48 B

Floyd’s Algorithm

We highlight the 1** column and row of 20
D(0) and 1% column of R(0) and compare

all other items with the sum of the items 18
highlighted in the same row and column. A ——%
If the sum is less than the item then it X
should be replaced with the sum.

Alm]|L]|Bs | x [ Alm|L[B]x
A loo | 23|10 o0 18 Al1[2]|3|a|s
M |23|oo 10|48 |oo| [m[1[2]3]as
L |10|10|a0]19] 7 L Wl 2 | 3| a5
B|oof4s |19 (co 20| [B|1[2]3[a]s
X |18 oo 7 120 o0 X 1 2 3 4 5
D(0) Distance Matrix R(0) Route Matrix

=

[

So this is 23 plus 18 that will be 41, right. So that is how we proceed in this particular

situation
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Floyd’s Algorithm

See the highlighted item in red - the sum 20
of yellow highlighted items in

corresponding row and column is 23 + 23 = 18

46 - less than the original value infinity. A —=.
So the highlighted item in red will be X
replaced by 46.

LA | M LB | X
o0 | 23 |10 | OO | 18
23 10 | 48 | OO
10 | 10 | GO | 19

o0 | 48 | 19 oD | 20
18 | on 7 |20 y

& (| & D

[ B E [
LU O LSS

o W (e e e [

n wn fom fom (e [

> 0| = >
> |0 (= >

D(0) Distance Matrix R(0) Route Matrix

So look at this now M to M through A, you see M to M through A will be 46. Why because
23 plus 23 is 46, right.
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Floyd’s Algorithm

See the highlighted item in red = the sum 20
of yellow highlighted items in
corresponding row and column is 23 + 10 =

33 — more than the original value 10! A 18 .
So the highlighted item in red will remain X
at10,
Alm|L|s] ' Alm[oL]Bs ][ x

A |00 JH ) 1B al1 |23 as

M| 23| 46 48 |00 | | M|1|2]|3]|4]|5

L |10 |10fo0|19]| 7 L]l1l213|als

B |oo| 48|19 |c0 | 20 |8 |taf] 2| 3| a]s

X118 lopl 7 20|l [(x]1[2]3]|a]Ss

D(0) Distance Matrix R(0) Route Matrix

So look at this. This is currently 10 it should be how much, because 23 plus 10 is 33 more

than 10, so it remains at 10.
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Floyd’s Algorithm

See the highlighted item in red - the sum
of yellow highlighted items in
corresponding row and column is 23 + 10 =
33 — more than the original value 10!

So the highlighted item in red will remain
at10.

Alm|lL|[e | x

A

18

00 |23 ]10 ] 00| 18

| 23 | 46 48 | OQ
10|10 |oo |19 | 7

o0 | 48 | 19 0O | 20
18 oo | 7 | 20 | ¢
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FEE EHE N
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on fen fon |on [om |

D(0) Distance Matrix

Floyd’s Algorithm

Using similar procedure, we complete the
2" row. See that 2 highlighted items are
now changed in D(0) — to 46 and 41.
Since changes are through Node 1 (i.e. A)
Corresponding R(0) values are also
changed to 1.

Alm|oels ]| x|

A

R(0) Route Matrix

48

18

>‘I

-

L]

0

[ m
2

o0 | 23|10 90| 18
| 23 10 | 48

FEEREN

A
M

Ll10[10[co|19] 7
B |00 48 |19 |00 | 20 |
X118 opl7]20 |0 |

x| |- = |»

-

e e |2 e (e -

N N N

x |
5
5
3
5

D(0) Distance Matrix

Now look at these value is currently you know it was infinity, but 23 plus 18 is 41, so it will
now become 41, but every time you change you see like here we have change it to 46. So we
change it to 1. Here we have change it to 41 and that is through 1 that is point A. So A so we

write 1 here, but the point the so that is why is called route matrix that means M to X is 41

through 1 right that is a minimum 1.

R(0) Route Matrix

xl
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. M 48
L] B
Floyd’s Algorithm
Using similar procedure, we complete the = 20
379 row. See that 1 highlighted item is now
changed in D(0) - to 20. 18
Since change is through Node 1 (i.e. A) A ®
Corresponding R(0) value is also changed X
to1.
Alm|L|e | x Alm|[L]e ] x

A |00 | 23|10 0] 18 lal1[2]3[als

M |23 46 | 10 | 48 | a1 MEEEEFEFEE

L |10 10 19| 7 L [ 2 4|s

B |oo| 48|19 co |20 [ B]1]2]|3]a|s

X |18l 7 20ig0] | x11]|203[|als

D(0) Distance Matrix R(0) Route Matrix

Y ¢
’ = 48 B
Floyd’s Algorithm
23

Nothing changes in the 4" row. Because 20
for none of the items, we have a lower sum

of the corresponding 1* row and column 18
highlighted values (in yellow). A ®
So no more changes in D(0) or R(0). X

Alm|lL|e | x
o0 | 23|10 o0 18
| 23 | 46 | 10 | 48 | 41
10 | 10 |20 [ 19 | 7
o0 | 48 | 19 [o0 | 20
18 g0 | 7 [ 20| a0

N ]

e (e = e |eo

LR LR E LS
o (o [om [ |on (3¢

0| = (>
> 0| = >
FE E & E .

D(0) Distance Matrix R(0) Route Matrix

So now that we have made all computations from A to M you know we leave it here and we
call it now this you see, the other side also this is 10 to 10 20 and this also changes. So
through 1. So all the values we look at so these infinity will be 41 also. So nothing changes in

the 4™ row, because items.
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Floyd’s Algorithm

Nothing changes in the 4" row. Because 20
for none of the items, we have a lower sum

of the corresponding 1* row and column 18
highlighted values (in yellow). A *
So no more changes in D(0) or R(0). X

Alm|lL| e | x
o0 | 23|10 o0 18
| 23 | 46 | 10 | 48 | 41
10 | 10 |20 [ 19| 7
o0 | 48 | 19 o0 | 20
18 oo | 7 [ 20 an

(e | & D
L O (Om | (m |

(RN B (0 (X [

L RL LN LN

|0 |- = (>
> 0@ (= >
HEIE B RN

D(0) Distance Matrix R(0) Route Matrix

Floyd’s Algorithm

Using similar procedure, we complete the 20
5' row. See that 2 highlighted items are
now changed in D(0) - to 41 and 36.
Since change is through Node 1 (i.e. A) A ®
Corresponding R(0) values are also X
changed to 1.

Alm|L]|Bs | x ' A |
0 | 23|10 0] 18
| 23 | 46 | 10 | 48 | 41
10 | 10 | 20 | 19 | 7
oo | 48|19 o0 | 20

18_? 20

F

L L]

> 0| = >
N

e e = e |ea |

o o e e | (00

lulu-_nt.n!

x o2 (>

D(0) Distance Matrix R(0) Route Matrix

And then the 5™ row you see, this 41 it was infinity infinity. Now it becomes 41 and 36 and

there through 1.
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R(1).

A

M

L

X

Floyd’s Algorithm

We now have completed iterations with
point 1 (i.e. A). Similar iterations are
needed for the rest of the points.

We therefore have now obtained D(1) and

48 B
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.
So now we have computed and we get these two matrices which we can called D(1) and R(1).
D (1) is the distance matrix; R (1) is the route matrix. How we have observe this? We have
now got the original distances or all distances through 1 that is through A. through the point A
all distances are computed and all those values that has been changed they are now changed

to 1, right. So this is my new distance matrix and we have got, but all that thing through 1. So

this is the D (1), right.

D(1) Distance Matrix

R(1) Route Matrix

N ¢
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M 48 B

Floyd’s Algorithm

We highlight the 2"¢ column and row of 20
D(1) and 2" column of R(1); and compare

all other items with the sum of the items 18
highlighted in the same row and column. A °
If the sum is less than the item then it X
should be replaced with the sum.

Alwm|L|e|x Alm|r|e[x
A |90 [23 |10 | OO | 18 A 1 2 3 4 5
M | 23|46 |90 48 | 41| (M | 1 | 1] 3] 4]
L|10]10|20 19| 7 Ll1]2]1]|al|s
B |oo| 48|19 ooy 20 | B|1|2]3]|4]|s
X 118 | 41 7 | 20 | 36 X 1 1 3 4 1
D(1) Distance Matrix R(1) Route Matrix

48 B

Floyd’s Algorithm

Using the procedure given, we find that 4 20
values are changed as highlighted in red to
46,71, 71, and 96 respectively in D(1).

18
Similarly, Corresponding values are A —
changed in R(1) to 2 — because changes
are through point 2 (i.e. M).

D(1) Distance Matrix R(1) Route Matrix

Now after we have got D(1) now we highlighted 2. What is the point 2 that is M. so we
highlight the rows and the columns of M and here look at the column M, right? So now look
at what will be changing. This infinity will become 46, this 10 can it be 33, no. This infinity
will now become 58. How? Let us look at, what is the distance from A to B is infinity, a same
thing is B to A. Now if you go through M what will be that distance? That distance will be 23
plus 48 that is 71, because go to A to M and M to B it will be 71. So this infinity will now
become 71, right. So we can now compute all such distances what about A to L, do not

change.

So you see keep doing it 23 plus 23, 23 plus 48, 23 plus 41, 41 plus 41, 82, but currant value
is 36. 48 plus 10 current value is 19, 48 plus 48, 96 when this infinity will become 96. So like



this we change. So you see these 4 values change at D(1) and R(1) through 1 and we get these

changes in the matrix.
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Floyd’s Algorithm

We highlight the 2" column and row of 20
D(1) and 2" column of R(1); and compare

all other items with the sum of the items

highlighted in the same row and column. A o
If the sum is less than the item then it
should be replaced with the sum.

Alm|lL| e | x
o0 | 23|10 | 90| 18 |
123 46| 10| 48 | 41
10|10 |20 | 19| 7
oo |48 [ 19 [co | 20
18 | 41| 7 | 20| 38

o o (8 |8 |8 (0
= fom | fom |

% W (2|
|

x|m (|2 |»

D W |- W W

D(1) Distance Matrix R(1) Route Matrix

M 48 B

Floyd’s Algorithm

Using the procedure given, we find that 4 20
values are changed as highlighted in red to
46,71, 71, and 96 respectively in D(1).

18
Similarly, Corresponding values are A —9
changed in R(1) to 2 — because changes
are through point 2 (i.e. M).

D(1) Distance Matrix R(1) Route Matrix

A

So look here these values where 1,1,4,4 we have now change them 2 to 2. So we have now
got our new matrices that is D(1) and R(1) that means through 1 the values are obtained.
Then what do we do logically you see and where do we stop? We started at D(0) and R(0)
through all these distances we have computed now D(1) and R(1).
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Floyd’s Algorithm

We now have completed iterations with 20
peoint 2 (i.e. M). Similar iterations are
needed for the rest of the points.

18
A —4
We therefore have now obtained D(2) and X
R(2).
Alm|oL|s]|x Alm|L]s]x
A |46 |23 |10 |71 18 A|l2[2]|3|2]|5
M | 23|46 10 | 48 | 41 Im |1 ]1]3]|a]1
L |10 [10]20 197 L|1[2]1]a]s
B |71 48 |19 | 96 | 20 |B|2]|2|3|2]|S5s
x |18 | a1 |7 |20]36 xl1/1]3/al1
D(2) Distance Matrix R(2) Route Matrix
. - 48 B
Floyd’s Algorithm
23

We highlight the 3’ column and row of 20
D(2) and 3 column of R(2); and compare

all other items with the sum of the items

highlighted in the same row and column. A —
If the sum is less than the item then it X
should be replaced with the sum.

Alm]|L|s]| x
a6 | 23 [ 10 [ 71| 18
23 | 46 | 10 | 48 | 41
10 | 10 |20 [ 19| 7
71| 48 | 19 | 96 | 20
18 41| 7 |20/ 36

= [ | o |
N e e (oW

- - (=

e e [ fes oo [

> 0@ |- = >
0| = >
ENT Ry T

D(2) Distance Matrix R(2) Route Matrix

And finally we have reached D(2) and R(2) matrix right, 1 was through A and 2 is through M
right. So we have now obtained both D(2) and R(2). So both these matrices are now obtained.
So after obtaining both D(2) and R(2) matrix next is should be the 3™ point. What is a 3™
point that is point B So that means row and column of these 3™ point that is B sorry the 3™

point was L that should be highlighted. So L now should be highlighted. So L is highlighted.

Now look what are some values that will change. These 46 will be 20 right these 46 also will
become 20. This 48 will now become 29; this 41 will now become 17. So can you see lot of
changes through L lot of distances are changing. This 96 will become 38, this 20 26 no
change, this 36 will now become 14, So lot of changes will now take place through L,

because the distances are smaller, right.
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- M 48

’ B
Floyd’s Algorithm

Using the procedure given, we find that 14 e 20
values are changed as highlighted in red to
in D(2).

Similarly, Corresponding values are A —%

changed in R(2) to 3 — because changes
are through point 3 (i.e. L).

D(2) Distance Matrix R(2) Route Matrix

So Exactly we have made all these changes as I we said look at 7 plus 7, 14, 19 plus 1 9, 38,
then 19 plus 10, 29, 19 plus 10, 29 and all these changes will be now reflected in putting in
this matrix 3 at the appropriate places, right. So once again how do we get D(3) and R(3)
from D(2) and R (2). Basically the L is a 3™ point, so all the distances are to be recomputed
by taking this row and this column and wherever the values are lower we replace them. So

what exactly is happening? What is Floyds algorithm?

The Floyds algorithm if you really understand carefully, it is nothing but the application of
Dijkstras algorithm in a matrix form, right earlier we were applying Dijkstras algorithm
between only 2 points in a linear one dimensional situation. Here we are using for a 2
dimensional situation and if we go from D(0) R (0) to D(5) and R(5), all possible

combinations are explored. So that is the essential idea of Floyds algorithm, right.
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R(3).

M 48
’ = B
Floyd’s Algorithm
. e 23
We now have completed iterations with 20
point 3 (i.e. L). Similar iterations are
needed for the rest of the points. 18
A —
We therefore have now obtained D(3) and X
Alm]|L|Be|x Alm|[L|[Be][x
A | 20| 20 | 10 | 29 | 17 als|[s]las]lala
M |20 20|10 29|17 Im|3|afl3s|al3s
L |10 /10|20 |19]| 7 L]l1l211]lals
B |29 |29 |19 |38 | 20 | B3| 3|a|as]|s
X |17 /17 ] 7 |20 14 X|s|s|las]|&]a

A

M

L

D(3) Distance Matrix

X

We highlight the 4" column and row of

D(3) and 4" column of R(3); and compare

all other items with the sum of the items
highlighted in the same row and column. A
If the sum is less than the item then it
should be replaced with the sum.

R(3) Route Matrix

Floyd’s Algorithm N
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So we have obtained now D(2) and R(2) (25:01) and for from there D(3) and R(3). So the 3
points are explored. What will be our 4™ point? The 4™ point is B, right. So 4™ point is B.
Now look at the B is highlighted. Can you identify some points you know some values that
will be changing at this time, just identify 29 plus 29, 29 plus 29, 19 plus 19, 19 plus 20, this

D(3) Distance Matrix

R(3) Route Matrix

think over. Are you getting anything which is changing here?
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M 48 B

Floyd’s Algorithm

As no items could be changed, we have 20
now completed iterations with point 4 (i.e.
B). Similar iterations are needed for the

18
final point X. We therefore have now A —%
obtained D(4) and R(4). X
Alm|L|B|x Alm|LB][x
A |20 20|10 | 29 | 17 Als|s]laflas]a
M |20 20|10 29|17 ImMm]l3|3|la3|[3]|3a
L |10 /10|20 |19]| 7 L]l1l211]als
B |29 [ 29|19 |38 | 20 |8 |3 |3]3|[3]|s
X |17 /17 ] 7 |20 14 X|3|3s]3lals
D(4) Distance Matrix R(4) Route Matrix

Let us see the result, we got nothing, right no item could be changed, because all the values
through B, the values are higher like M to X, look at M to X, it was 17, but if you go through

B, it will become 68. So we do not change anything. So we get what is known as D(4) and
R(4).
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. M 48
Floyd’s Algorithm 2
23
We highlight the 5" column and row of 20
D(4) and 5" column of R(4); and compare
all other items with the sum of the items 18
highlighted in the same row and column. A — ]
If the sum is less than the item then it X
should be replaced with the sum.
Alm|L|s | x Alm|[L|Bs ]| x
A | 20| 20|10 | 29 | 17 Alasls]alas][ls
M |20[20 |10 20 17| | m[3|3[3]|3]|3]
L |10 /1020 19]| 7 HEEFIEENFN -
B |29 [ 29|19 |38 | 20 IB|l3[s|3[3]s
X |17]17] 7 |20] 14 X|slaslas|las|NS
D(4) Distance Matrix R(4) Route Matrix




M 48 B

Floyd’s Algorithm

Using the procedure given, we find that 1 20
value is changed as highlighted in red to

14 as shown in D(4). 18

Similarly, Corresponding value is changed A —9
in R(4) to 5 — because changes are through X
point 5 (i.e. X).
Alm|L|s|x Alm|L]B[x

A | 20| 20|10 | 29 | 17 lals[a]af[a]a

M |20 2 )10/28 17| |m]|3|3]|]3]3]3]

L | 10 | 10 19 | 7 Ll 1l32 4| 5

B |29 |29 |19 |38 | 20 |B|3|3|]3a|3]|s

X |17 17| 7 [ 20 ] 14 X | 3[3]alalls

D(4) Distance Matrix R(4) Route Matrix

So now we come to our last point that is point number 5 that is X, right. So we highlighted
the rows and the columns and here that particular column. So now tell me can you find any
change? Look at all the distances 17 plus 17, what about this 22, see 7 plus 7, 14 it will
change right 48 does not change, 37 37, 24, 34 27. So not much changing, but may be some
changes would be there. So actually only one value is changing so that is this becomes now

earlier it was 20 through 1, now it will become 14.
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Floyd’s Algorithm

Now the final matrices D(5) and R(5) are 20
obtained. These matrices will give shortest
distances from any point to any other

18

point. For example, between A to B, the A —%
shortest distance is 29 (See D(5)) and the X

route is A to L to B (See R(5)).

Alm|loL|e | x

Alm|L]B[x
A | 20 | 20 | 10 | 29 | 17 A 3 3 3 3 3
M_| 20 20 |10 | 29 | 17 IM |3 |3]|3]|3]|3
L |10 | 10 | 14 | 19 | 7 L 1| 2 5 4 5
B (20 20|19 38|20 [B|3[3]|3|3]|s
X 117 | 47 | 7 | 20 | 14 X 3 3 3 4 3
D(5) Distance Matrix R(5) Route Matrix

So that now completes our matrix. So we have got this D (5) and R(5) right. So let us look at
how to read this particular matrix. Suppose we need a distance from B to L. So B to L is
distance as showing as 19. So shortest distance is a direct path that is 19 and through point

number 3. So B to L and L is the 3™ point. So basically it is just through L only B to L



through point number L right that solve. So another distance what is a distance from A to B?
Ato B is 29 and it is through point number 3 that is M, sorry what is the point number 3 that
is L. So A to B the shortest distance is A to L and L to B right. So you can study this.
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Exercise for Floyd’s Algorithm

Find the Shortest Path from any node to any
other node.

And while doing that please solve this problem also right. please solve this problem also we
have 5 points 1,2,3,4,5 and these are the distances use Floyds algorithm, starts with D(0) and

R(0) and use this method in a suitable manner and come out with the distances.
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Solution to

the Exercise

on Floyd’s

Algorithm

1](2[3]als 1[2a3lals
[ [0 30|40 a8 |77 1223822
IZ 30| 30| 50| 15 | 47 2 1 44|44
3|40 50| 70 35| 67 3|1 /a4 /4 a
‘4 45 |15 | 35 | 30 | 32 a|lz2T2]32T[s
5 |77 47|67 | 32| 64 5|4 |4|4| 4 4
D(5) R(5)

For your reference I am giving the answer here. This is a answer. Now if you look at that
answer one interesting thing will be found out which was not found in the previous example.
What is the shortest path from 1 to 57 Now 1 to 5 the shortest path is 77 right 1 to 5, 77.
How? Through 2, but if I see through 2, I find 1 to 2 is 30, but what is a shortest path 2 to 5.
So we have to look at 2 to 5 also. So 2 to 5 is 47 and that is through 4. So you have to read
like this, see 1 to 5, shortest path is 77, it si through 2 then we have to see 2 to 5 also. 2 to 5
shortest distance is 47 and it is through 4. So therefore 1 to 5 shortest distance is 1 to 2, 2 to
4, 4 to 5. Is all right? So that is exactly how you can work out Floyds algorithm and we have
really studied 3 important algorithm, Dijkstras algorithm, Floyds algorithm and although I
have did not say but I just mentioned the Bellman-Ford algorithm for negative distances,

right. So thank you very much and that concludes our network portion.



