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Abstract:

In a flow network, there is no restriction on the selection of paths on which data is sent. Only
the edge capacities are important, we generally search for the shortest path with high
bandwidth to maximize the transmission of data, but this paper suggests that the shortest
path is not that important if it has low bandwidth. For quick data transmission,it would be
better to splita given message (data) among several paths in a flow network, The distribution
of a message to different paths again depends on the transit time of the path and its capacity.

Keywords: Flow network, Transit time, Shortest path, Bandwidth.
1.0 INTRODUCTION-

An nonsplittable flow problem is one in which flow is routed along a single path from source
S to destination D. A splittable flow problem is a general form of an unsplittable flow
problem, which is introduced by Baier, Kohler, and Skuttla [1, 4, and 10], To send the data
from source S to destination D at most k paths can be used, for each kind of data there is an
upper limit on the number of paths that may be used to route its demand.

An important property of network flow which occurrs in the physical world is the variation
in flow with respect to time, flow does not move instantaneously through a network but it
needs a certain amount of time which is known as transit time to pass through each edge.
The fastest Source S-Destination D flow problem is to send a given amount of flow from S
to D in such a way that the last unit of flow reaches at the destination as early as possible.
Ford and Fulkerson presented an algorithm flow over time [8] for a given a network with a
single source node S, a single destination node D, and a time constraint. They consider the
problem to maximize the flow per unit of time from S to D.[6, 14, and 16]
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It may be assumed that transit time remains same throughout, so the flow in an edge moves
with a uniform speed i.e. the transit times are constant. For edge e the transit time o (e) € R+
is independent of the capacity and the flow value in the edge.

A restriction is imposed on the length of the selected path, all the S-D paths are disjointed
and their length will be bounded above by the bound Lm.[3, 4, and 5]

The k, S-D paths denoted by set P={P1,P2,--------- ,Px} all the paths are Lm length bounded for
some Lm € R+. [12 and 13].

So 2 |(6)SLm
eePi

For Un splittable flow: Let M is the message length which we want to send from source S to
destination D,since flow is un splittable so a single path P([v1,v2,------- ,vp]) is used in the flow
network N(G).[7,8 and 9]

The transit time along path P([v1,vz2,------- ,vp]) is defined as the sum of the link transit time
i.e.
Transit time t on the path P([vi,vz,------- ,vp]) is
~ o([viv2,———vp]) = i:122_‘1’3_10-(vi, Vi + 1)=e§,i o(ei)
- (1)

The smallest path from node u to node v in the flow network is the path which has the
minimum transit time of all paths from u to v in the flow network.[6 and 7]

A path capacity (bandwidth) is defined as

C(P) = C([vl,vz, ——————— WV, ) = min C(Vi,Vi+1)

1<i<p-1 -2
Also, the message in path P transmit with flow value F (P) where
F(P)<C(P) =C([vy,Vv2,———,Vp)
There is no intermediate storage so the flow in is equal to flow out at all intermediate nodes.

If the front end of the message is transmitted from v1 at time t=0 along the path P ([v1,v2,----
---,vp]) then the endpoint of the message would arrive at vp at time

Y S
Fe) =T E Ry

T (reaching + receiving) = o([vL,v2,———vp]) +
.. (3)

It is the receiving time of the message, where M is the message length.
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The quickest path from a node vi to vj in a network for a message of length M is the path
between vi to vj that gives a minimum end-to-end delay time for the message among all paths
from vi to vj[7, 8, and 15].

2.0 Splitting of message for fast transmission-

Consider the flow network G(V,E) with sources node S and a destination node D and with a
message M, the capacities of edges and the transit time for each edge of the network are
given. The objective is to transfer the message of length M from source S to the destinationD
ina minimum amount of time for this we will split the message M and assign the components
to various paths from source S to destination D. [2, 10 and 11]

To minimize the time to transmit the message length M to the destination D from source S,we
will use strategies,

i) maximize the transmission rate for each path,
ii) selection of the shortest path, and the distribution of the message segment to
different paths

iii) then the distribution of message M to differentpaths.

From the collection of (S-D) edge disjointed path P(S-D) (says) select those paths which are
bounded by Lm and denote this set by Prm.

Pum is the subset of set P(S-D). Also | PLm| =k

Figure -1.0 - splitting message in k -edge disjointed paths
The transit time along path Piis

o(Pi)= Z o(e)

eiePi
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Sum of all flow along path Pi must be less than C (ei) V ei ePi

> F(P)<C(ei)VeiePki
ei € Pi

Mi

Thus transmission time and receiving time along path Piis, Ti = o(Pi) + F (P

The total flow in an Edgeeicannot be higher than C(ei) simultaneously sending message Mi
with flow F(Pi) S to D along each path Pi. So that full message M reaches the destination in a
minimum amount of time.

No storage at intermediate node i.e. flow in=flow out at all intermediate nodes.

M=M1+Ma+---e-ccmuu-- +Mxk
M1
P1
S P2
~ K
Pi Mi-oome e M = Z Mi

i=1

Pk Mk

Figure-2.0 -Allocation of message component of the differentpaths.
2.1 Allocation of message component of the different paths:

It depends on the capacity of the path and the transit time along the path, the low transit
time and high capacity paths will be preferred

Mi

Reaching time receiving time

Maximum time

|\/|I

T min= max {O‘(PI) + —

=<i<k

Flow is simultaneously and the message segment distribution to different paths is on the
basis of path capacity and transit time
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C(Pi)

Ml oc P
o i
C(P) .. (5)
Mi= D.———=~
o (Pi)

Where D is the constant of proportionality
3.0:Numerical illustration:
Given a flow network with edge capacity and transit time.

M(t) is the maximum size of the message that can be transmitted from source S to destination
D in time t, t=0,1,2,----,

Here we can express M (t) as a non-decreasing linear function of time t.

U (10,1)

Figure -3.0 Flow network with edge capacity and transit time
In the figure path (S-W-V-D) is the smallest route from S to D with transit time 8 time unit.

The max amount of flow which can be routed along path (S-W-V-D) is = Min {residual
capacity ofedges (S-W) (W-V) and (V-D)} = Min {10, 8, 10} =8.

Similarly we can calculate for other edges.

[F M (t) is the maximum amount of Message-(data) (Max flow amount along paths)

0, 0<t<8
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(8t-64),8st<9 ,  (S-W-V-D),(8)

M(t) =(10t-82),9<T<10, (S-W-V-D) (S-W-D),(8,2)
(12T-102), 10sT<11, (S-W-V-D), (S-W-D), (S-U-V-D),(8, 2, 2)
(20T-190)12< t, (S-W-D)(S-U-V-D),(10, 10)

The maximum sum of transmission rate along the paths from S to D is 10+10=20.

Suppose we want to send a message of length 112from source S to destination D, there are
three paths available, using the scheme of distribution of message and dividingthe message
into three components 36, 40, and 36 based on capacity and transit time, and send these
components along the path (S-U-V - D), (S-W-D ) and( S-W-V-D) respectively at the flowrate
10,10, and 8 unit per unit of time, the entire message will be received in 13.6 unit of time at
destination D.

Again if we use the shortest single path (S-W-V-D) the transmission time would be quite
lengthy and we will not get the optimal result.

4.0 CONCLUSION-

The work in this paper suggests that the quick transmission from source S to destination
D,can not always be achieved by using the shortest paths or along a single path,but it depends
on the magnitude of the message which we want to transmit. The best strategy of
distributingthe message to different edge disjointed paths according to the size of the
message leads to the fast transmission of the message and optimizes resource
utilization.Themost important point of path selection is the transit time and the bandwidth
of the paths; wewill prefer those paths which are having high bandwidth and less transit
time.
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