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Abstract This paper deals with the optimization problem that decides the number of advertising for any
media among various medium to maximize the perception quality index of new product meets the given
budget and over the minimum reached people constraints. For this problem, there is only in used the
mathematical approach as linear programming (LP) software package and has been unknown the
polynomial time algorithm. In this paper we suggest the heuristic algorithm with O(nlogn)time
complexity to solve the optimal solution for this problem. This paper suggests the evaluation index to
select the media most economically-efficient way and decides the media and the number of
advertisement. While we utilize Excel, the proposed algorithm can be get the same optimal solution as

LP for experimental data.
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Table 1. Data for the publicity campaign
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. . Unit . .
Medium| Media Type potentially cost Maximum Percep-tlon
No. reached ©) use quality

(91 %)
1 free weekly | 1) 000 | 1,500 | 4 weeks 3
newspaper
2 Monthly 1500 | 8000| 2 months | 7
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3 Weekly magazine| 2,000 |12,000| 8 weeks 8
4 Radio spot 6,000 9,000 60 2
' ' broadcasts
5 Billboard 4x3 m| 3,000 |[24,000| 4 boards 6
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EE i 1Y 4= 100,000% o1
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Table 2. Result of LP and CPLEX

M;Ijm Media Type P, G U | QI v, 131 é, PQIr
1 Free weekly 1) 0ol 1500 4 | 3| 4 [48.000| 6000 | 12
newspaper
2 Monthly magazine | 1,500 8,000 2 | 7| 2 | 3,000|16,000| 14
3 Weekly magazine | 2,000[12,000 8 | 8| 8 |16,000{96,000| 64
4 Radio spot 6,000 9,000| 60 2| 4 |24,000(36,000( 8
5 Billboard 4x3 m | 3,000{24,000] 4 | 6| 4 |12,000{96,000| 24
6 TV spot 9,000(51,000 9| 0 ol o 0
£ 103,000[250,000( 122
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B 3. PI-EAA9 Zu}
Table 3. Result of P7—EAA

Perception index (PD)=Unit cost/Perception quality A4l PI @S2k A&

Media No| Media Type P, ¢ QI PI U,
1 Free weekly newspaper| 12,000 1,500 3 500.00 4
2 Monthly magazine 1,500 8,000 7 1142.86 2
3 Weekly magazine 2,000 12,000 8 1500.00 8
5 Billboard 4x3 m 3,000 24,000 6 4000.00 4
4 Radio spot 6,000 9,000 2 4500.00 60
6 TV spot 9,000 51,000 9 5666.67 8
Pl @5X= FAAER o, = U, AH
Media No. Media Type 7, ¢ U, Qr u; 5 B, QI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8.000 2 7 0 0 0 0
3 Weekly magazine 2,000 12,000 8 8 0 0 0 0
5 Billboard 4x3 m 3,000 24,000 4 6 0 0 0 0
4 Radio spot 6,000 9,000 60 2 0 0 0 0
6 TV spot 9,000 51,000 8 9 0 0 0 0
EN 48,000 6,000 12
AFzA 100,000 250,000 -
T hinin -52,000 244,000
Media No. Media Type P, ¢ U, Qr w; f’, §, PQI
1 Free weekly newspaper] 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 0 0 0 0
5 Billboard 4x3 m 3,000 24,000 4 6 0 0 0 0
4 Radio spot 6,000 9,000 60 2 0 0 0 0
6 TV spot 9,000 51,000 8 9 0 0 0 0
23 51,000 22,000 26
Atz7 100.000 250,000 -
e TAuinin -49,000 228,000
Media No. Media Type P, G U, QI u; P B, QI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 8 16,000 96,000 64
5 Billboard 4x3 m 3,000 24,000 4 6 0 0 0 0
4 Radio spot 6,000 9,000 60 2 0 0 0 0
6 TV spot 9,000 51,000 8 9 0 0 0 0
A3 67,000 118,000 90
Akxd 100,000 250,000 -
T Asinin -33,000 132,000
Media No. Media Type P, ¢ U, QI w; f’, 1§, PQI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 8 16,000 96,000 64
5 Billboard 4x3 m 3,000 24,000 4 6 4 12,000 96,000 24
4 Radio spot 6,000 9,000 60 2 0 0 0 0
6 TV spot 9,000 51,000 8 9 0 0 0 0
A3 79,000 214,000 114
AtzA 100,000 250,000 -
T Auinin -21,000 36,000
Media No. Media Type P, ¢ U, QI u; P B, PQI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 8 16,000 96,000 64
5 Billboard 4x3 m 3,000 24,000 4 6 4 12,000 96,000 24
4 Radio spot 6,000 9,000 60 2 3 18,000 27,000 6
6 TV spot 9,000 51,000 8 9 0 0 0 0
23t 97,000 241,000 120
AFz2A 100,000 250,000 -
FE/99% -3,000 9,000
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Media No. Media Type P, G U, QL u; 7, B PQI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 8 16,000 96,000 64
5 Billboard 4x3 m 3,000 24,000 4 6 4 12,000 96,000 24
4 Radio spot 6,000 9,000 60 2 4 24,000 36,000 8
6 TV spot 9,000 51,000 8 9 0 0 0 0
A3 103,000 250,000 122
Aekxd 100,000 250,000 -
T Asinin 3,000 0
Media No. Media Type P, ¢ U, Qr w; f’, §, PQI
1 Free weekly newspaperl 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 8 16,000 96,000 64
5 Billboard 4x3 m 3,000 24,000 4 6 4 12,000 96,000 24
4 Radio spot 6,000 9,000 60 2 5 30,000 45,000 10
6 TV spot 9,000 51,000 8 9 0 0 0 0
A3 109,000 259,000 124
AlokzxA 100,000 250,000 -
FE/99% 9,000 -9,000
Media No. Media Type P, G U QI u; P B, QI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12
2 Monthly magazine 1,500 8,000 2 7 2 3,000 16,000 14
3 Weekly magazine 2,000 12,000 8 8 8 16,000 96,000 64
5 Billboard 4x3 m 3,000 24,000 4 6 4 12,000 96,000 24
4 Radio spot 6,000 9,000 60 2 4 24,000 36,000 8
6 TV spot 9,000 51,000 8 9 0 0 0 0
23 103,000 250,000 122
AFxA >100,000 <250,000 -
T Ainin 3,000 0
I 4. EI-EAAQ| Zu}
Table 4. Result of EZ/—EAA
Ml\elgm Media Type P, ¢ U, Q1 u; B, PQI EI
1 Free weekly newspaper| 12,000 1,500 4 3 4 48,000 6,000 12 24.000
6 TV spot 9,000 51,000 8 9 4 36,000 204,000 36 1.588
3 Weekly magazine 2,000 12,000 8 8 0 0 0 1.333
4 Radio spot 6,000 9,000 60 2 0 0 0 1.333
2 Monthly magazine 1,500 8,000 2 7 0 0 0 1.313
5 Billboard 4x3 m 3,000 24,000 4 6 0 0 0 0.750
23 84,000 210,000 48
Az 100,000 250,000 -
/o5 -16,000 40,000
v. 8 & ZAa EA E 5 YU N5 HE
Table 5. Compare with algorithm performance
B AL Guéret et al. ol A Q8H H 19] A3 e o
o}ial_z_ 280 \:]'E A]——Q— Gﬂfq— Zﬂﬁ \_];q Zﬂﬁ \lZ]
slolelel el EAAS #-8oto] R} PI-EAAES 9 I R _ | Wd [ #dAs
‘§‘l— 314.78]% s 30" xﬂ/\]—a‘].clatl. s 40"]%% EI q‘j’lni]‘{% LP & CPLEX 0(7714) €250,000 | 103,000 122
o that E-FAA A= Hug A5t} PI—EAA | O(nlogn) | €250,000 | 103,000% 122
Zﬂ?_}% EAAQJr LPS"]‘ CPLEXQI /\(—)L‘c_)-—% H]J_Jl“:)j’ g—, L EI-EAA | O(nlogn) | €210,000 | 84,0007 48

59 AAIHAH.

-155-



Polynomial Time Algorithm for Advertising and Publicity Campaign Problem

LP= n7l garefAel ik Ag g 4ls B9 ofy

PIHES WEtofo} 5] mhze] Ayt
o0& Om")9 +9 BHEE erk

Hhelol, EAAL: 919 4 i ol dhel 7 2.8%
Folu} 1 PR Bl Olnlogn) 9] BHEA 97
wo} mr} 7ige] St olde Bt YUY
BT, WA Exceld BEIIE 1P £TEF]
7148 BET BP9 SUT AT AULL L 5 3

ot EAA FollA Ere F3F g AR F3t vido) pre
A S At wetA HrpEoR PrE AT

V.28 B

=22 AAYHES 22 ATES0] WA &
GoHA Fals dFAReR A g d= %-J"’_Eléo]
LA WA B2 FAFEDE A Hisf Olnlogn)
T8 =2 T3] Excels &85t & # Ve g
2SS AsA

ARk LarE|E2 FolA oAt HM9 WollA Foixl
ARFRJA s 25 FFA7HEA 240] FarH|
oz Fuadel AlEIA FEALE HANE 471 A%
HHoR Al VN9 B A F2(g)ol it

PI=c/qE AWsEE, o2 Pl QEAEOR FF
FamiAe] o B 7k Sleg AA FaE 35t
= @ BRE ARbslsith

Aotel LIFELS Olnlog n)—,— 31 E-Q’EE—_’ E]-Z]

LZEFe] H7|XE & 3?%73 9}5“0} OHE AN
2oz, At FaTE2 DA Excel B89l
st g4A g 72 5 e AR, B8 AE

JFrads Az 245t A ofd FaruA o

o]9] FALE sfof sherke AAshe Fard@AelA

Az & =35 & 5 S 2o+

> wE 1o @
o ot

References

[11 G. S. Becker and K. M. Murphy, "A Simple Theory of
Advertising as a Good and Bad," Quarterly Journal of
Economics, Vol. 108, No. 4, pp. 941-964, Nov. 1993.
DOL: https://doi.org/10.2307/2118455

[2] S.]J. Farr, C. H. Tremblay, and V. J. Tremblay, "The
Welfare Effect of Advertising Restrictions in the U.S.

Cigarette Industry," Review of Industrial Organization,
Vol. 18, No. 1, pp. 147-160, Mar. 2001.
DOI: https://doi.org/10.1023/ A:1007801608741

[3] B.J. Seldon, R. T. Jewell, and D. M. O'Brien, "Media
Substitution and Economies of Scale in Advertising,"
International Journal of Industrial Organization, Vol.
18, No. 8, pp. 1153-1180, Dec. 2000.
DOL:https://doi.org/10.1016/S0167-7187 (99)00010-7

[4] M. E. Slade, "Product Rivalry with Multiple Strategic
Weapons: An Analysis of Price and Advertising
Competition," Journal of Economics and Management
Strategy, Vol. 4, No. 3, pp. 445-476, Aug. 1995.

[5] R. Firea, S. Grosskopfa, B. J. Seldonc, and V. J.
Tremblay, "Advertising Efficiency and the Choice of
Media Mix: a case of Beer," International Journal of
Industrial Organization, Vol. 22, No. 4, pp. 503-522,
Apr. 2004
DOI: https://doi.org/10.1016/j.ijindorg.2003.10.002

[6] C. Guéret, X. Prins, and M. Sevaux, "Applications of
Optimization with Xpress-MP: 13.2 Publicity Campaign,”
Dash Optimization Ltd., pp. 196-197, Feb. 2005.

[71 M. Edvall, "Publicity Campaign," Tomlab Optimization
Inc, http://tomsym.com/examples/tomsym_publicity
campaign.html, Apr. 2009.

[8] M. Padberg, 'Linear Optimization and Extensions,"
2nd Edition, Springer-Verlag, 1999.

[9] H D. Mittelmann, "Recent Benchmarks of Optimization
Software," 22nd European Conference on Operational
Research, Jul. 2007.

[10] J. T. Froomkin, D. T. Jamison, and R. Radner,
“Education as an Industry, Chapter 4. Concepts of
Economic Efficiency and Educational Production," pp.
149-198, NBER, 1976.

X Xt & H

< 19874 ¢ ARSI FEANE
sk (3D

- 199741 : ek AgFEslat ()

2001 AR B o

- 20034 : A=A} AHFE S}
AR

- IR} 2
HA PHE A8 Q BARS, Axegel A4, AT
3 elole A, Hast duelE

* e-mail :

sulee@gwnu.ac.kr

-156 -





