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ciples of socially responsible investing. Expert method was
used. Experiments have shown that the use of mathematical
models to assess the competence of experts gives good
results. This technique allows you to get more accurate re-
sults for the determination of the project category.
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CUCTEMHI NPUHLUUNU COLIANBbHO-BIANOBIOAINTIbHOIO IHBECTYBAHHA EHEPTETUYHUX NMPOEKTIB YKPAIHA

Hocnidxyembcsi Hoeuli HaNPsIMOK iH8ecMye8aHHsI cy4acHUX NPoeKmie — coyianbHO eidnoeidanbHe iHeecmyeaHHs (CBI). Po3ansidarombcs cu-
cmeMHi NpUHYuUnu coyianbHO20 iHeeCcmyeaHHs, 8Kk/ro4aroyu eubip onmumanbHUX eapiaHmie aHanisy pusukie, ix oyiHku ma miHimisayii. Po3ansda-
embcsi Memoduka OUiHKU coyianibHUX Mpoekmie 8 eHepzemuuyi YKkpaiHu 3a KoxxHUM eudom pu3uky CBI. [lpoeedeHo ekcriepmHy OuiHKY mpboX eHe-
paemuy4Hux npoekmis. [lo6ydoeaHo pezpeciliHy Modesnb OUYiHKU KOMMIemeHMHOCMi KOXHO20 eKkcriepma i ecmaHo8/IeHO Kamezopilo npoekmie 8iod-
noeidHo 0o eKkoslo2ivyHUX i coyianbHUX NPUHYUNie aHai3y.

Knroyoei cnoea: coyianbHo-eionoeidanbHi iHeecmuuii, iHeecmuyiliHuli pusuk, MPUHYUNU coyianbHO20 iH8eCMYye8aHHSsl, cmpamezisi MOOepHi3a-
yil, pegpecitiHui aHanis.

A. YepHsiK, O-p 3KOH. HayK, npod.,
H. Cnywaeko, kaHA. ¢u3.-maT. HayK, Aow,.
KHY nmenu Tapaca LLleB4eHko, KueB

CUCTEMHbIE NPUHUMNbI COUNAITIbHO-OTBETCTBEHHOIO UHBECTUPOBAHUA
OHEPTETUYECKUX NPO3KTOB YKPAUHDI

Hccnedyemcsi akmyanbHoe HanpassieHUe UHBECMUPOSaHUSI COBPEMEHHbLIX IMPOEKMo8 — CoyuaslbHO-0MeemcmeeHHoe UHeecmuposaHue
(COH). PaccMompeHb! NpuHyUmnbl MOCMPOEHUsT UesIocCmHol cucmeMbl obecrnedeHus, eK/lroYaroujue ebLI60p onMuMalsbHbIX 8apuaHmoe aHanu3a
pUCKO8, UX OUEeHKU U MUuHumu3sauuu. Paccmampusaemcsi MemoduKa OUEHKU COUUasibHbIX MPOEKMo8 8 aHep2emuKe YKpauHbl 1Mo Kaxoomy eudy
pucka COMU. lpoeedeHa akcnepmHas oyeHka mpex 3Hep2emuyeckux npoekmos. [locmpoeHa peepeccuoHHasi Modesib OUEeHKU KoMemeHmHocmu
Kaxdo20 3Kcrnepma u ycmaHoeJsieHa Kameaopusi NpoeKmos, coomeemcmayroujasi 3Kos102U4eCKUM U CoOyuanbHbIM NPUHYUNaM aHanu3sa.

Knrodeenie crioea: coyuanbHO-0MmeemcmeeHHoe UH8ecmupo8aHue, UH8ECMUUYUOHHBbIU PUCK, MPUHYUMbI COYUasbHO20 UHEECmUupIioeaHus,
cmpameausi MOOepHU3ayuU, Ppe2pecCUOHHbIl aHanu3.
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CASE STUDY IN OPTIMAL TELEVISION ADVERTS SELECTION AS KNAPSACK PROBLEM

Abstract : In this research paper, we shall consider the application of classical 0-1 knapsack problem with a single constraint
to selection of television advertisements at critical periods such as prime time news, news adjacencies, break in news and peak
times using the WINQSB software. In the end of this paper we shall formulate the task of investigation of the post optimality solu-
tion of optimal Television Adverts Selection with respect to time allocated for every group adverts.

Keywords: advertisements, integer programming, knapsack problem, fuzzy linear programming, sensitivity analysis.

Introduction. The Knapsack Problems are among the
simplest integer problems. The problems in this class are
typically concerned with selecting from a set of given items,
each with a specified weight and value. Sum of weights a
subset of items does not exceed a prescribed capacity and
sum of selected items values is maximum.

Knapsack problems have been intensively studies
since the pioneering work of Dantzig [1] in the late 50's,

both because of their immediate applications in industry
and financial management, but more pronounced for theo-
retical reasons, as Knapsack problems frequently occur by
relaxation of various integer programming problems. In
such applications, we need to solve a Knapsack problems
each time a bounding function is derived demanding ex-
tremely fast solution techniques. The family of Knapsack
problems all require a subset of some given items to cho-
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sen such that the corresponding profit sum is maximizing
without exceeding the capacity of the knapsack(s). In the O-
1 Knapsack problems each item may be chosen at most
once, while. The multi-choice Knapsack problems occur
when the items should be chosen from disjoint classes.
Sinha and Zoltners [2] proposed to use multi-choice Knap-
sack problems to select which components should be
linked in series in order to maximizing fault tolerance.

Moreover Nauss [3] proposed to transform nonlinear
knapsack problems to multi-choice Knapsack problems. In
the second category we should mention that the 0-1 Knap-
sack problem appears as sub problem when solving gen-
eralized assignment problem, which again is heavily used
when solving Vehicle Routing Problem (G.Laport [4]).

Knapsack problems and analysis data. Suppose the
producer of a TV program wants to select among numer-
ous adverts for the prime time (news at 19:00 h GMT),
which is interspersed with five or six spots of adverts of not
more than three minutes each. It is self-evident that the
optimal solution of the knapsack problem above will indi-
cate the best possible choice of investment.

The objects to be considered will generally be called
items and their number by n. The value and size associ-
ated with the j-th item will be called profit (cost of advert)

and weight (duration of advert), respectively.

The traditional 0-1 Knapsack Problem (KP) for this case
can be mathematically formulated through the following
integer linear programming

n
javjxj—)max )
subject to

n . —_—
jawj-xjsW, x; {01}, j=1n, 2)

where v; is value (cost of advert) and w; is the weight

(duration of advert) of the j-th item respectively, j=1n,

and W is the maximum time allocated for adverts.

If we know quantity of different adverts categories,
costs and weights in each category, the model above can
be rewrite as

m n; i
3 3 vix; > max

S 3)

n - L =
jaw}xj, <w', Xji {01, j=1n,i=1m, (4

where m

represented the quantity of categories n;,

i =1,m , — quantities of advertise in every category.

There are two basic methods for solving the 0-1 knap-
sack problems: the first, the ideas ofbranch-and-bound
techniques have frequently been applied to Knapsack
problems since Kolesar [5] and, the second, dynamic pro-
gramming methods. However we uses the first method in
software WINQSB [6] to have been used to solve large
scale problems. This study was undertaken using data
collected from S.K.Amponsah [7].

TV is a public broadcaster which depends to the
greater extent on government subvention. Broadcasting
Corporation is however mandated to generate revenue to
supplement the government subvention. To this end TV
has various ways of generating additional income. These
include sponsorship of programs, social and funeral an-
nouncements, advertisements among others. However,
this research focused on advertisements, which are slotted
in the programs schedules prepared quarterly to generate
additional income to sustain the operations of the TV sta-
tion. TV uses an arbitrary method in the selection. In this
process an advert is accepted if there is an available time
without regard to optimizing revenue. The category of ad-
verts selection studied included:

e prime time news (19.00 h GMT);

e news adjacencies (five minutes before and after
news at 12.00, 14.00, 19.00 and 22.30 h GMT);

e other news time (12.00, 14.00, 19.00, 22.30 h GMT);

e break in programs (peak and off peak).

Table 1 shows the various rates for the different catego-
ries of adverts at TV. For example Prime time News adverts
for 15 sec costs $215 while for 60 sec, the rate is $750. The
rates are high for Prime time News and news adjacencies.
These are periods where most customers want their adverts
televised to reach a larger TV audience. The off peak rates
are low compared with the peak periods. Customers usually
request for a number of spots for their adverts. Table 2
shows request received by TV for Prime time News (19 h
GMT). Customer 1 requested for two spots of adverts for
fifteen seconds each at prime time news. The cost of the two
adverts is $ 430 (i.e., 215+215) as indicated in the value
column. The weight of this advert is 30 sec.

Table 1. TV adverts rates

Category (i =14) Rates in $

15 second 30 second 45 second 60 second
Prime times news (19h GMT) 215 375 562 750
News adjacencies 130 250 375 500
Break in news 135 244 362 525
Break in program 91 160 220 360

Table 2. Prime time news adverts-19:00 h GMT

Advertise No. j Time in sec. No. of spots requested | Category (weight), w} Cost $ (value), v}
1 15 2 30 430
2 30 3 90 1125
3 45 1 45 562
4 15 1 15 214
5 30 3 90 1125
6 45 2 90 1124
7 60 1 60 750
8 30 2 60 750
9 45 2 90 1124
10 15 1 15 215
11 15 1 15 215
12 30 1 30 375
13 45 2 90 1124
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Advertise No. j Time in sec. No. of spots requested | Category (weight), W} Cost $ (value), v}
14 15 2 30 430
15 30 2 60 1125
16 45 2 90 1124
17 30 3 90 1125
18 30 3 90 1125
19 45 2 90 1124
20 60 1 60 750
21 45 1 45 562
22 15 1 15 215
23 15 1 15 215
24 15 1 15 215
25 30 2 60 750
26 30 3 90 1125
27 15 2 30 430
28 60 1 60 750
29 30 3 90 1125
30 15 2 30 430

Additionally, customer number 5 requested three spots
of 30 sec each, i.e. 90 sec (weight) with a cost of $1125
(value). The total time available for adverts at the prime time
news is 20 min (i.e., 1200 sec) but the total time requested is
1710 sec. Other customers opt for the News Adjacencies.
This is 5 min before and after the prime time news at 19.00 h

GMT. As shown in Table 3, the total time available is 10 min
(600 sec) but the customers requested a total of 810 sec.
Tables 4 and 5 depicts the weights and the values for the
adverts requested for the 22:30 news time and for peak time
on week days, respectively. The total time available is
600 sec but the customers requested 720 sec.

Table 3. Adverts for news adjacencies -18:55 -19:00 and 20:00-20:05

Advertise No. j Time requested (weight), sz Cost $ (value), vj2
1 30 260
2 45 375
3 15 130
4 90 750
5 60 500
6 60 250
7 90 750
8 15 130
9 15 130
10 30 250
11 30 260
12 60 500
13 45 375
14 15 130
15 15 130
16 15 130
17 60 250
18 30 260
19 60 500
20 30 260
Table 4. Adverts for Break in News at 22:30 Hours GMT

Advertise No. j Time requested (weight), wf.’ Cost $ (value), v;o-’
1 30 150

2 45 200
3 15 75
4 90 400
5 60 290
6 60 270
7 90 400
8 15 75
9 15 75
10 30 150
11 30 150
12 60 290
13 45 200
14 15 75
15 15 75
16 15 75
17 60 270
18 30 150
19 60 290
20 30 150
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Table 5. Break in program adverts for peak time on week days

Advertise No. j Time requested (weight), wj-‘ Cost $ (value), vj-‘
1 15 91
2 15 9
3 30 160
4 90 440
5 30 182
6 90 480
7 90 440
8 90 480
9 60 320
10 15 91
11 15 91
12 15 91
13 60 320
14 90 480
15 30 182
16 60 360
17 90 480
18 30 182

Finally the mathematical problem is formulate as knapsack optimization problem :

430x11 +1125x5 1 +562x3 1 +214%4 1 +1125X5 1 +1124 xg 1+ 750x7 4+ 750xg 1 + 1124 xg 4 +215x19 1 + 215X 44+ 375X 4+
+1124 %131 +430X14 4 +1125x151 +124 X454 + 112517 1 +1125X1g 4 + 1124 x19 1 + 750X70 1 +562X711 +215Xpp 4 +

+215X03 1 +215Xp4 1 +750X)5 1 +1125X6 1 +430Xp7 1 +750X)g 1 +1125X59 1 +430X30 4 +260x4 +375X5 5 +130X53 5 +

+750x4 5 +9500x5 5 +260xg 5 +750x7 5 +130Xg 5 +130xg 5 +250x10 5 +260X115 +500X19 5 +375x135 +130x145 +

+130x152 +130x16 2 +250X17 5 +260x1g 5 +500X4g 5 +260x50 5 +150%43 +200x5 3 +75X53 3 +400x,4 3 +290x5 5 +

+270Xg 3 +400X7 3 +75Xg 3 +75Xg 3 +150X10 3 +150Xy13 +290X1 3 +200X133 +75Xq4 3 +75X453 +75X4g3 +270X17 3 +

+150x1g 3 +290X4g 3 +150X50 3 +91x1 4 + 91X, 4 +160x3 4 +440X4 4 +182x5 4 +480Xg 4 +440x7 4 +480Xg 4 +320Xg 4 +

+91x10.4 +91x114 +91Xqp 4 +320x13 4 +480x14 4 +182X15 4 +360X4g 4 +480x47 4 +182x45 4 — Max

subject to

3044 +90x51+45x31+15x, 4 +90x5 1 +90Xg 1 +60x7 1 +60xg 4 +90xg 4 +15x10 1 +15X4 44 +30x19 4+

+90X1 31 + 3OX14’1 + 60X1 51 + 90X16,1 + 90X1 71 + 90X18,1 + 90X1 91 + 60X20’1 + 45X21,1 +1 5X22’1 +

+15X23 1 +15X4 1 +60X55 1 +90Xy6 1 +30X57 1 +60X0g 1 +90Xpg 1 +30x30 4 <1200 ;

30x1'2 +45X5 9 +15x3‘2 +90X4,2 + 60x5_2 + 60X6,2 +90x7'2 +15x8‘2 +1 SXg2 +30x10_2 +

+30X1 12 + 60X1 22 + 45X13’2 +1 5X14’2 +1 5X15’2 +1 5X16,2 + 60X1 7.2 + 30X1 8,2 + 60X1 9,2 + 30X20’2 <600 )

30x1,3 +45x2’3 +15x3‘3 +90x4y3 + 60x5,3 + 60xﬁy3 +90x7,3 +15x8‘3 +1 5x9,3 +3Ox10’3 +

+30x113 +60X1p3 +45x133 +15X143 +15X153 +15X153 +60X47 3 + 30x153 +60X4g 3 + 30X 3 <600 ;

15x14 +15X5 4 +30X3 4 +90x4 4 +30x5 4 +90xg 4 +90x7 4 +90xg 4 +60xg 4 +

+15X40,4 +15X114 +15X194 +60X13 4 +90X14 4 +30X15 4 +60x46 4 +90X47 4 +30X45 4 <600

where

b 0, otherwise.

Results of the analysis. By using software WINQSB
we obtained the results for the analysis of data from the
Table 1 to 5 (Prime Time News, news adjacencies, break

in News and break in program) are shown below.

B {1, if j-th advertise of i-th category is selected, j=1n;, i=1,m, m=4,n,=30, n, =20, n3 =20, n, =18,

The optimal selection these adverts yielded $26659. From
the Table 6, nineteen adverts were selected from the 30 re-
quested to give an optimal value of $15503. The selection for

news adjacencies, the break in news, break in program and a
peak period yielded $5070, $2860, $3350, respectively.

Table 6. (Provide self-explanatory caption)

Advert Category No. of adverts requested No. of adverts selected | Time availability, sec Optimal value, $
Prime times news (19h GMT) 30 23 1200 15379
News adjacencies 20 16 600 5070
Break in news 20 17 600 2860
Break in program 18 13 600 3350

Total

26659
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Adverts numbers which selected in categories:

— prime times news: {1,2,4,5,8,10,1 1,12,14,15,17,18,19,20,22,23, 24,25,27,28,29,30} ;
— ews adjacencies: {1, 2,3,4,7,8,9,1 1,12,13,14,15,16,18,19,20};
— break in news: {1,2,3,5,6,8,9,11,12,13,14,15,16,17,18,19,20};

— break in program: {1,2,3,5,6,8,10,11,14,15,17,18} .

The resulting solution can be examined for sensitivity.
Sensitivity analysis is usually performed by using principles
of shadow prices and reduce costs [6]. But in this case we
have nonconventional linear programming task. So sensi-
tivity problem can be formulated as the fuzzy mathematical
programming problem with fuzzy time values allocated for
every group adverts [8]:

Z Z vjx/, — max (5)
i=1j=1
subject to
Zwlxj,<W xjefot}, j=1n; ,i=1m, (6)
where W', i=1m, — fuzzy defined time values allocated

for every group adverts. Fuzzy values w! , i=1m, can be
considered as the right triangular fuzzy numbers (TFN)
W =w' W w'+aw'y,
AW S0 , 0= m . These tolerances determine the values

of the boundary changes necessary time resources.

Using the max-min operator (as Zimmermann [9]) crisp
linear programming problems for (5), (6) is formulated as
follows:

i=1m, with  tolerances

A9 = max, (7)

m n; i
XX vxi-iU-L)=L, (8)

i=1j=1
wa + AW <WH AW i =1m, 9)

J7i
e{o,1}, j=1tn,i=1m, 4 [01],i=0m,

hereU= 3 Syix0 | [ = 0yl =7
whereU = 3 3 vixji , ZZv/xﬂ, Xji, Xji, j=1n;,

i=1j=1 i=1j=1
i=1m,- optimal solutions of optimization tasks (5), (9) for
A=0and 4 =1, i= m , respectively.

Solving this task as a fuzzy linear programming prob-
lem with the several parameters 4, i:m , we obtain
values that determine possible changes in the right-hand
€. IBoxiH, A-p ¢is.-maT. Hayk, aou,.,

Anmopapc Bappak Cy6xi Kamn, acn.
KHY imeHi Tapaca LLleB4yeHka, KuiB

sides of constraints that achieves the optimum value of the
objective function.

Conclusion. This publication examines the application
of the classical 0-1 knapsack problem with one constraint
to the television broadcast adverts selection during critical
periods. It is defined the task of obtaining the maximum
profit from the advertising, broadcast in four categories of
events. The solution of the real example is obtained by
using WINQSB software. The problem of the sensitivity
analysis study of the television advertising adverts choice
solutions depending on the time periods allocated for every
group adverts. It is considered fuzzy linear programming
problem with multiple parameters, the solution of which
allows to get the best choice of broadcasts for the changes
in time limits allocated to each of the categories. The pro-
posed approach yields optimal choice adverts and ensures
the highest profit in the process of broadcasting. Availability
limits and possible changes in the time bands provide the
choice variability and allow the obtaining of the optimum
value of the objective function subject to the ambiguity of
time requests. This approach can be seen as the process
of predicting the impact of changes in the input data on the
solution obtained.
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NPUKNAAQ ONTUMAINIbHOIO BUBOPY TENEBI3IMHOI PEKITAMMX HA OCHOBI 3A0A4I NMPO PIOK3AK
Y ybomy docnidxeHHi po3ansiHymo 3acmocyeaHHs knaccu4veckoli 3adaqu 0-1 paHye ¢ 0OHUM o2paHuU4YeHueM Onsi po3e'sa3aHHs 3adayi eubopy
nakemie meneeisiliHoi peknamu y Kpumu4Hi nepiodu mpaHcnsyil, makux sik npaliimM-maliM HO8UHU, HOBUHU MiX MPOOAOBXKEHHSIMU, y nepepeax
HOBUH ma y 200uUHU NuK 3a AoNomMoz20r0 npozpaMHo20 3abesneyeHHss WINQSB. CgopmynboeaHo npobrieMy nocmonmumMasibHO20 O0CJliOKeHHs
po3e’sa3kie 3ada4yi onmumanbHo20 subopy meseeisiliHol peknamu 3a o6¢csi2om Yacy, eideedeHOMy KOXHIll 2pyni 06'se.
Knroyoei cnoea: peknama, yinoyucesnbHe npozpamyeaHHsi, 3adaya npo prok3ak, Heyimke siHiliHe Npo2pamyeaHHsl, aHasli3 Yymsueocmi.

E. UBoxuH, A-p dums.-maT. HayK, Oou.,
Anmopapc Bappak Cy6xu Kamn, acn.
KHY nmenu Tapaca LLleB4yeHko, KueB

NMPUMEP ONTUMAINBbHOIO BbIEOPA TENEBU3NOHHOW PEKINNAMbI HA OCHOBE 3A0AY4YU O PIOK3AKE
B amom uccnedosaHuu paccMompeHo npumMeHeHue kKnaccu4veckol 3adaqu 0-1 paHye ¢ 0OHUM O2paHuU4YeHueMm Onsi pewleHusi 3adayu ebibopa
nakemoe mesieau3uoHHOU peKnambl 8 Kpumu4eckue nepuodbl mpaHcasAyull, makux Kak npaliM-maimM Ho8ocmu, HO80CMU MeXJ3Y NPOOOIIKEeHUSIMU,
8 nepepbieax Hogocmeli U 8 Yacbl MUK C MOMOWbLI Npo2pammHo20 obecneyeHuss WINQSB. CgopmynupoeaHa npobrnema nocmonmumasabHO20
uccnedoegaHusi peweHuli 3ada4yu onMuMasnibHoO20 8bI60pa Mesieau3UOHHOU peKaMbl Mo 8peMeHU, omeedeHHOMY Kaxdol epynne o6bsieneHul.
Knrouyeenie cnoea: peknama, yenoducsieHHoe fnpozpaMMuposaHue, 3adaya O plok3ake, HeYemkasi JIuHeliHoe Mpo2paMMupoeaHue, aHanu3

yyecmeumesibHOCmu.



