Annals of Pure and Applied Mathematics Annals of
Vol. 7, No. 1, 2014, 97-103

ISSN: 2279-087X (P), 2279-0888(online) Pure and Applled

Published on 9 September 2014

www.researchmathsci.org Mathematics

Selection ofk Sets of Disjoint Channels for Advertising
with an Aim to Maximize Viewers’ Count and Minimize
Cost Constrained by Budget
Sumana Bandyopadhyay" and Rajat Kumar Pal?

'Department of Computer Science, Prabhu JagatbaBdhege,
Howrah — 711 302, West Bengal, India; E-mail: emrmsbmrj1981@yahoo.co.in
“Department of Computer Science and Engineeringvédsity of Calcuitta,
92, A. P. C. Road, Kolkata — 700 091; E-mail: pgatk@gmail.com

Received 10 July 2014; Accepted 25 August 2014

Abstract. A production unit sponsors a number of programnmeslifferent television
channels. Aim of the unit is to spread the prodaldted message to a maximum number
of targeted viewers. However, to make the ventusaaessful one, a sufficient amount
of budget must have to provide. So, this papengite to maximize number of viewers,
while keeping cost of purchasing the programmehkiwi specified amount of budget.
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1. Introduction

In this paper our objective is placement of adsertients (or ads) in different television
channels in such a way that the ad related messagh to the maximum number of
viewers as well as the cost incurred in the proocasst be constrained by the capability
of the production unit who is interested in sucfidsrarketing of the product. Hence, we
have to maximize the number of viewers (termediewers’ count) and minimize total
cost involved in this process.

The implication of optimizing both the parametessvery much realistic. The
production units promote their goods through adsemtents that are broadcasted as
commercial breaks in between programmes runningugirout the day in different
television channels. The motive of the productiontauis to reach out to as many
customers as possible but they are bound to fokmme planning and marketing
constraints of which the total budget is one of thest important ones. The cost of
procuring break points is liable to be optimizedtiWhe help of the other parameter, i.e.,
viewers’' count, we are trying to approximate thepydarity of programmes. This
parameter is derived from television ratings puigds by various national and
international rating systems or by some surveys. iBahis paper, we are keen to
optimize both the parameters while keeping thd tmst below some predefined budget.
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In this context we may reiterate the idea rolilti-objective optimizatian
Incidentally, several algorithms are available iterhture [1, 6] those like to maximize
viewers' count only. On the contrary, in this papee desire to optimize both the
parameters, i.e., viewers' count of programmes irfgivthis parameter the highest
priority) followed by the cost required to purchdke break points. The graph theoretic
formulation results a comparability graph from gieblem domain.

2. Preliminaries
In this section we are going to make the readeilifamwith some graph theoretic terms
and invariants. For ease of the reader, we inckmi®e vital terms in the form of

corollaries.

Corollary 1. A clique consists of a maximum number of vertipessent in a graph, each
pair of which is connected by an edge in the gigesph. Such a clique is usually a
maximum clique as it helps to declare the cliqumiper of a given graph. However, a
maximal clique is also a clique wherein none ofrémaining vertices of the graph could
be included to make it larger.

The graph obtained from the problem domain is a kif perfect graph; more
specifically, this graph is @omparability graph5]. The edges of a comparability graph
can always be transitively oriented [5]. Computatad maximum weighted-clique of
the comparability graph modeling the problem afforgs the solution of the problem
sought here.

Corollary 2. A maximum weighted k-cliquef a graph is a collection df-disjoint
maximal cliqueghat weigh the maximum overall possilitelisjoint maximal cliquein
the graph. In general, thmaximum weighted k-cliqgueomputation problem is NP-
complete [3], but when restricted to comparabilitgphs it becomes tractable [4].

3. Formulation of the problem
Now, we are going to impose some constraints thatild be followed by the graph
theoretic formulation of the problem addressediheféhe constraints are listed below:

1. The standard television ratings are availabl@fparticular programme of any
channel based on some surveys and national amtionational rating system.

2. In general, programme slots are non-intersectfngheir corresponding
broadcasting time spans are also non-intersectingro-overlapping.

3. Programmes on different television channels rbegia specific time (here
midnight). In case a programme overlaps the boyndaee may split it into two
sub-slots; one that terminates at midnight andtesrdhat starts broadcasting at
the midnight, both having the same viewers’ count eost.

According to the formalism, we have devised a s@&hémoptimize the ratio of
the television rating and cost keeping budget asrestraint. The said ratio is used as
weight on the vertices of the graph as obtainethftbe graph theoretic formulation of
the problem.

Next we like to show (with the help of a suitabtstance) the graph theoretic
formulation that clarifies how programme slots kel on the real time line and using
graph theoretic modeling how a comparability graggn be constructed from the
instance.
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Figure 1: (a) A set of programme slots on three differeratrotelslyk (P) represents the
kth programme slot (or interval) on chandXeandP represents the weight, which is the
ratio of viewers’ count to the cost of purchasimgbaeaks(b) The comparability graph
structure obtained for the set of intervals theme(a), which is oriented as the
(chronological) programme slots occur from leftigght in non-overlapping fashion.

In Figure 1(a), we have taken an appropriate ingtgranging from 0 to 7 hours,
in some duration of time scale) with programmesshoinning in different channels and
Figure 1(b) shows the corresponding weighted coaiplitty graph. While converting an
instance into the equivalent graph structure, ewehtex lyy represents thevith
programme interval of channil(after midnight). Each vertex is weighted as exyld
previously. Edges are introduced between all saits pf verticedyy, lyn that represent
non-intersecting time slots. For instance, the spdh,, 135, 0rli3 are completely disjoint
with respect to the span of intertg. Edges are directed from an interlsg} to another
intervallyy, if Ixy terminates broadcasting before or exactly wkgibegins to broadcast.
In the above example, edges have been introducedoaented from the vertex
analogous td,; to the vertices matching 1g,, 115, 125, andls,. No edges are introduced
between intervald;, 1, andlz;, as the intervals have nonempty intersectionshén t
spans of their broadcasting times; therefore, edlatrtices in the graph of Figure 1(b)
are independent to each other.

We can now propose an appropriate graph baseditdefifior the programme
interval associations. We call this graphbadcasting graphlLet G be the graph
structure that models the interval associationsenl® is a 2-tuple Y, E), whereV
represents a set of weighted vertices Bneépresents a set of directed edges between
non-overlapping intervals modeled as vertices. Bactexlyy O V is weighted by,
whereWyy is defined as follows:

Wym = Television rating (or Viewers’ count) / Cost afrphasing breakpoints

Also, an edgey is directed fromyy to lyy, if the programmeM in channelX
terminates on or before the beginning of prograniinagn channelY, or vice versa.
Sometimes, it may so happen théat X andN = M+1, where certainlyy and X are
nonoverlapping to each other.

Lemma 1. The broadcasting graph is a comparability grdh
In graph theoretical terms, the problem is statethé form of following lemmas.
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Lemma 2. The maximum weighted path based on the orientafiom a vertex
corresponding to a programme broadcasted earliea teertex corresponding to a
programme broadcasted later induces a maximum vesigtlique in a comparability

graph [1].

Lemma 3. The maximum weighted k-clique computation of a panability graph is
polynomial time computable for any value of k [4].

4. Development of the algorithmMWkKQ constrained by budget

The algorithm described in this section aspiresdmpute themaximum weighted-k
clique of the broadcasting graph, constrained by a buddmet algorithm developed here
is based on the graph traversal mettepth first searciDFS) [2]. We call this modified
DFS algorithmDFS-Variant. However, the algorithm maintains the correspongiath
information, and cumulative ratio and cumulativetoof the path. Here gath denotes a
sequence of vertices from one of the source verticeone of the sink vertices that is
reached by tracing the algorithm. The cumulativiioraneans the sum of the weight
ratiosWyy of the vertices belonging to this path. Similathye cumulative cost is simply
the sum of the cost of the vertices belonging ®pghth. While checking for inclusion of
a new vertex within the path, an alternative pattejected, if the following conditions as
briefed below occur.

(i) If the new path produces same / lower cumuéatatio and same / higher cumulative
cost.

(ii) If the new path produces higher cumulativeicaand higher cumulative cost but
increase in cumulative ratio ssifficiently lesshan the increase in cumulative cost.

(iii) If the new path produces lower cumulativeioaand cumulative cost but decrease in
cumulative ratio isignificantly highwith respect to decrease in cumulative cost.

The terms Sufficiently lessand “significantly higli can be formally defined by
comparing to some threshold values. Threshold gadwie computed as functions of the
available budget, average ratio, average cost, lativelratio, and cumulative cost at the
current time instant. On the contrary, for inclusis a better alternative (new) path our
algorithm checks whether one of the following coiodis occurs in practice.

() If the new path produces same / higher cumudatatio but lower / same
cumulative cost.

(i) If the new path produces higher cumulativdaand higher cumulative cost
but increase in cumulative ratiogafficiently highetthan increase in cost and the
cumulative cost is still under budget.

(i) If the new path produces lower cumulativeisaind cumulative cost but
decrease in cumulative costnisich morewith respect to decrease in cumulative
ratio.

The same logic (or threshold values) as statedeaiwapplied for determining
when increase in cumulative ratio isufficiently highet or decrease in cumulative cost
is “much moré
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While executing the algorithm, we maintain the &g in the current path under
consideration in a specific list called tRath List(PL). To implement our approach, the
entries ofPath Listare vertices ordered primarily by the associatestscin decreasing
order, and secondly by the associated ratios ire@sing order. Suppose there are
vertices in the current path li®); = {vi, V,, ...,Vi}. Also, suppose the inclusion of a new
vertexv,., arises one of the situations for rejection or sintpe cumulative cost of the
path goes above the budget. The cumulative ratith@fpath also increases. Let this
intermediate path configuration be denotedPlhy = {vy, Vs, ..., Vi, Vis1}-

Now, in such a situation, we pick up the first ean; from PL, removing which
from the path may ultimately result in the cumwatcost to go below (or equal to) the
budget. The removal of; also decrements the overall cumulative ratio. thit new
configuration of the path list be denoted Bz = {V, Vs, ..., Vi, Vas1}. Now, if PLs has
cumulative ratio still greater thaL,, then this path is accepted as the newly generated
path. The removal of vertices from the ordelRadh Listcan be continued as long as the
cumulative ratio of the resulting path is higheartithe cumulative ratio d?L; and the
cumulative cost of the newly generated paths reméthin the available budget. If a
path configurationrPL’ exists such that the cumulative ratio R’ is greater than the
cumulative ratio oPL; and the cumulative cost &L is less than the available budget,
then the modified (or newBath Listis accepted to reflect the change in the path,Rle
=PL"

Following the logic of DFS, the algorithm ultimatebacktracks to the source
vertex from where it started traversing and compat@aximumor near to thenaximum
weighted patHrom that source vertex. The same method is apfdieeach of the source
vertices. At the end, a path with the maximum weiglobtained by simple comparison
of the paths starting from different source vesicBy tracing out a path, actually a
maximumor near to theanaximum weighted cliquef the broadcasting graph is being
computed.

Suppose, after one iteration of the algorithm, gah being outputted has
cumulative cost sufficiently less than the budget, there exist(s) other path(s) within
the broadcasting graph whose cumulative cost is flean or equal to the remaining
budget. Then the same algorithm can be applieditiepty on the (remaining) graph. In
such a case, the vertices in ttlejue computed in the previous iteration are deleted
(along with their adjacent edges) from the origigedph. Thus, the same algorithm can
be iterated a fixe#t number of times for complete utilization of thediget. According to
Gavril, themaximum weighted k-cliguean be computed successively by applying the
maximum weighted cligueomputation algorithm on a comparability graph Kaimes
[4]. Although being constrained by budget (as afical issue) we have deviated from
the puremaximum weighted k-cliqusomputation of comparability graphs, and applied
some greedy logic.

In some cases, after completion of a fixasumber of iterations of the algorithm,
a very small amount of the budget may still remautilized. Here, no furtheclique
may be computable, using our algorithm, whose catiudl cost is less than or equal to
the remaining budget. To cope with the situatior, wse a greedy approach. Once the

101



Sumana Bandyopadhyay and Rajat Kumar Pal

maximum weighted k-cliquésve been removed (in succession) from the ofigjrzgoh,

we sort the remaining vertices (programme slotsjléareasing order of their weight
ratios Wyxy. We pick the first vertex with the highest weightio whose additional cost
does not result in the cumulative cost to exceedtbposed budget. This process may be
repeated until the budget is totally utilized oe tlemaining budget is not sufficient to
purchase any of the existing (remaining) prograrstots.

5. The computational complexities of algorithmMWkQ constrained by budget

One can observe that algorithfWkQ constrained by budgptimarily uses the graph
traversal metho®epth First SearciDFS) with some extra operations that keep the path
found out (or cliqgue computed) to be within the geidwhile maximizing cumulative
ratio [2]. Therefore, we may claim that the comfieg (both time and space) of
algorithm MWKQ constrained by budget are r@€), wheren is the number of vertices
andeis the number of edges of the comparability griagtantiated.

6. Experimental results

We have implemented the algorithm, developed inti@ec4, and produced a huge
amount of data in support of our invention. Insemare generated (pseudo-randomly)
for different number of channels, ranging from 40200. For each channel number 20
instances have been generated and an averageivaeeeived as an acceptable data.
Here we have taken into consideration from 12:00catn to 4:00 PM, where mostly
housewives, old men or those having night duty vagétevision. We have summed up
the experimental results made by us in Table thimpaper, we have strived to optimize
two parameters, i.e., maximizing the cumulativewdes’ count and minimizing the
cumulative cost. But ultimately we have outputtiee viewers’ count in place of the ratio
as production units are interested in the numberesfers.

Table 1: Implemented results showing the performanceMWKC for an afternool
session during 12:00 at noon through 4:00 PM.
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3 = ~
FE / : PN 40 |73.900] 73.900| 75.210| 82.670| 86.000] 87.000| 04 000| L5570} 346,481 426,561 454 56 543591649 28] 745 41
> k=7~ 223.20] 303.15] 468.49| 513.50] 641.37| 723.02| 836.00
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3 T oR040] 395471 893 83/ 68.73] 14 B 776.20[ G720
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£ . . ! . ) . }
sl w 100 |68.900] 70.210| 76.000| 77.840| 89.600| 89.600] - | 221301402:901536.77]617 164738 80, 804 60
g k=2 255 60[ 307,621 34 5e6 41 41,00 20D
g | , [ 125 |72.550( 72550 76.650| 84.570| 89.270| 93 000 - |22L60)392621520 84 966.41) 041901850 00}
g m k=1 150 | 68850 68.850| 71500 78.080| 84.140| 92.500| 02.500| 50,401 42025154020/ 620101 698.901 895001 897 00
S o v wow w w w @ 175 | 66.900| 66.900| 69.440| 76.080| 79.830| 82.670 A il R e EESACH e
g ) i . | . i
> 278.20] 453,56 576.89| 621.20] 655.74| 664.74 | 724.32
Number of channels 200 |66.650] 67.800) 70.800] 73.300] 81.000) 88.000] 88.000] 34 109 50.900| 60.900] 67.300] 71.670| 74.000] 81.000

Figure 2. Performance ofMWKQ for different parallel sessions versus number of
television channels for broadcasting programmemdum afternoon session from 12:00
at noon onwards for four hours.

Here, the number of channels is plotted algfaxis (as shown in Figure 2), and
the probablemaximum weighted k-cliquis plotted alongy-axis. We have plotted the
curves for various values &fthat means the number of parallel sessions tmabeditted
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within the budget. However, an increase in numibgracallel sessions increases with the
number of channels. In Figure 2, the plotsKor 1, 2, or 3 have nearly equal spacing.
But when the value ok increases above 3, more and more individual ics®rget
terminated. It should be remembered that the valiged in the tables or curve plotting
are actually average values. So for larger valfiés @urves are mostly near to each other
and for sufficiently large values of number of chals, they nearly try to converge to
some small range of values (see Figure 2). Forlsmmhber of channels, there may
create some spurious data generating sudden rige aforresponding curve. But as the
channel number increases, the curves turn to bdynsaturated. However, we have
generated 20 instances for each of the channel ensmkf the number of generated
instances is increased, then the correspondingage@evalues may produce smoother
curves, we hope.

7. Conclusion and future work

Production units launch and promote their itemeugh electronic or print media. There
are different parameters for both types of medat thhen properly set can result in
effective advertisement of the product. Productimits have a very vague idea about
these parameters. Ad agencies take this respatysénild provide production units with a
variety of solutions. Each of these solutions beacsst and, depending on their budget,
production units may select the scheme of theiricghoThe cost of each solution is
governed by the parameters which decide the effigiof the advertising media. There
are various approaches available in literature riiigg the selection of ad slots
(commercial breaks) within programme slots, b fiaper is unique in the sense that the
totality of the problem has been taken care of. @yroach has great market value and it
targets two different entities, viz., ad agencied production units, of the advertisement
industry.
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