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Abstract

The article deals with the problems of formation of the initial (maximum) price of
the contract in the field of public procurement on the example of laptop supply.
Methods of econometric modeling were used to justify the initial price. The main
factors that affect the price of laptops are revealed, that is, with an increase in: the
amount of RAM, the number of pixels, the performance of the video card, the num-
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ber of usb ports, the price of the laptop will grow sharply. The results of the study
can be used in the field of control over budget spending.
Keywords: econometric modelling, state procurements, initial contract price, budget

control.

BBeagenue

In recent years, the number of public con-
tracts for the purchases of laptops has in-
creased. Due to the increasing number of dis-
ruptions in the public procurements system, a
large number of scientific researches are being
conducted into the background causes and for
avoiding negative effects of an inefficient use
of budgetary funds. Single and clear mecha-
nism of monitoring activities during the state
tenders has not yet been developed in Russia.
So Rybnikova G.I. states that it is important «to
study those stages of public procurement at
which the supervisory authorities have difficul-
ties» [Rybnikova G.I., Tevosyan K.M., 2016].

One of the key stages of any public pro-
curement is planning in which the major diffi-

cult lies in analysis the price calculation and
justification of proposed procurements. There-
fore, the purpose of this article is to analyze the
factors affecting the initial (maximum) price of
laptops at the planning stage of state and mu-
nicipal procurements with subsequent econo-
metric model specification.

OcHoBHasl YacTh

The core of any econometric analysis is
based on the correct determining of model pa-
rameters which are more likely accounted for
estimated value.

Modern laptops are delicate pieces of
technology that consist of many elements. The
significant factors affecting the laptop’s price
are listed in Table 1.

Table 1

Data, their designations and units of measurement

Taoauna 1

JlaHHbIe, NX 0003HAYEHHUS M eIMHUIIbI U3MEPEeHUsI

Factor | Designation in Gretl |  Units of measurement
1. Quantative variables
CPU frequency CPU Number of GHz
Core Core Core count
Random access memory (RAM) memory Number of GB
Hard disk drive HDD Number of GB
Solid state driver SSD Number of GB
Monitor inch screen_size Number of inches
Pixels pixel Number of pixels

Performance of video card

videocard_performance

As the percentage of the
best Nvidia Titan V video
card at 24.10.2018 [6]

USB port 2.0 usb?2 Number of pieces

Usb port 3.x usb3 Number of pieces

Battery baterry Number of hours

2. Dummy variables
Operation System (OS) 0S 1():\2\1;1”;0(\;\; >

DVD-drive DVDRW 1 —yes
0—-no
Keyboard lightning keyboard 10__3;]603
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Factor Designation in Gretl Units of measurement

, ) . 1 — metal

Laptop’s material material 0 - plastic
AMD video card AMD 1-yes
0-no
Nvidia video card Nvidia 1-yes
0-no
Intel video card Intel 1-yes
0-no

For this study, 102 laptops were random-
ly selected from the official websites of the
largest Russian online retailers of digital and
home appliances: M.Video, DNS, TechnoPoint,
Eldorado, Citilink. Laptops were selected into

all price categories for accurate and reliable
conclusions. The model was specified by Ordi-
nary Least Squares (OLS-model) based on the
data obtained using the GRETL program.

Mogens 1: MHE, mMcnomeIoeBasEw Habmopoeswms 1-102

SaEMCcHMMas nepeMexsHam: price

ponymeHE M3—-3& COBSpNEHHOM KoMnMHeapHocoTK: Intel

KoaddimimesT Cr. omGra CL—-CTaATHMCTHES P-zsHauseHUE

const —-286877, & 14984, 2 -1,800 0,0754 =
CEUO 181&, 66 2361,97 0,8115 0,41%94
core -1000,27 1189,55 -0,8409 0,4028
memory 3128,82 377,768 8,283 1,65e-012 il
HDD -6, 66356 2,97879 -2,237 00,0279 =
55D -5,81346 9,99607 -0,581& 00,5624
=2creen size 800,893 931,236 0,8600 00,3922
pixel 0,00714860 0,00109085 6,553 4,30e-09 =
videocard perfor-~ 778,756 164,676 4,729 9,00e-0&6 EEE
oS5 -5890, 85 2526,20 -2,332 0,0221 ®#
DWVDEW 1854,28 2417,2%9 00,7671 00,4452
keybord 6598, 27 2872,22 2,297 00,0241 s
material 10206, 2 2556,17 3,993 00,0001 R
battery 352,483 467,304 00,7543 00,4528
LMD —-3095,83 36l6,93 -0,8559 0,3945
Nwvidia —-640&, 31 28968, 84 -2,211 0,0297 s
usk2 4744, T2 14&68,48 3,231 00,0018 R
u=sh3 B223,12 1945, 782 4,226 6,01e-05 i

BHMMAHNE : MaTpMua OaHHHX DAM3Ka ¥ CHMHIVAApDHOHM!

CpenHes Sak. OepeMeH 508588, 50 Cr. oTrn. 3as. nepeMmex 39647,28

CymMma KE. OCTATKOB 6,831e+09 Cr. ombra MOOSIM S9006,376

R—-kEagpatT 0,957083 Heop. E-xEampaT 0,948397

F(17, 84) 110,1917 P-snagwexnme (F) 5,8T7e-50

Fig. 1. Multiple Linear Regression (MLR) model with all variables
Puc. 1. Moaess MHOkKeCTBeHHOI TuHeiiHoN perpeccun (MJIP)
CO BCeEMH Oﬁ'bﬂCHHlOIIIHMI/I NEePEMECHHBIMHA

It is necessary to assess the quality of the
resulting model for further analysis.

1. The significance of the coefficients of
the explanatory variables. It is considered in the
Gretl program that coefficient is significant at a
significance level of 10%, if the achieved lev-
el of significance (p-value) of the coefficient is

less than 0.1 [Econometrics. Regression analy-
sis using the package Gretl: Laboratory Work-
shop, 2014]. This requirement is satisfied by
the variables const, memory, HDD, pixel, vide-
ocard_performance, OS, keyboard, material,
Nvidia, usb2 and usb3 satisfy. For the other
variables, the p-value of the coefficients has
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turned out to be greater than 0.1, they were in-
significant and therefore were excluded from
further analysis.

2. t-statistics. Since the sample was 102 ob-
servations, so t-critical by t-Student is equal to
1.659 at a significance level of 10%. Comparing
the obtained values, it appeared that the coeffi-
cients of const, memory, HDD, pixel, video-
card_performance, OS, keyboard, material,
Nvidia, usb2 and ush3 have t-statistics modulo
more than t-critical, which indicates their statisti-
cal significance. And the remaining coefficients
of CPU, core, SSD, screen_size, DVDRW, bat-
tery and AMD have t-statistics less than t-critical,
it means they are not significant.

3. The significance of the regression
equation in general according to Fisher’s F-test
(P-value (F)). «If the P-value (F) is less than
0.01, the equitation is significant at a signifi-
cance level of 1% (at an assurance level of
99%)» [Econometrics. Regression analysis us-
ing the package Gretl: Laboratory Workshop,
2014]. Because of the P-value(F)=2.33e-
26<0.01, the regression equitation is significant
and it can be used in further analysis.

4. Standard error of the estimate is
9006.38 RUB with an average laptop’s price at
50998.5 RUB (or 17.66%), which indicates the
satisfactory accuracy of the model.

5. Goodness of fit to selected data by the
adjustable coefficient of determination (adj. R-
squared). Using the coefficient of determina-
tion, one can be defined «the matching rate of
the found equation to the actual data. Adj. R-
squares in this model was 0.9484, so the factor
of laptop’s price change is explained sum of
squares by 94.84%. Thus, the quality of the fit
equation is very accurate.

6. Goodness of fit to selected data by the
mean absolute percentage error (MAPE). In
this regression equation was 16.4%. «If the
model is fitted with high accuracy, so
MAPE<10%, good — 10% <MAPE<20%, satis-
factory — 20%<MAPE<50%, unsatisfactory —
MAPE>50%p». That was, the goodness of fit is
good [Absolute approximation error, 2018].

The MLR model after eliminating in-
significant explanatory variables is presented in
Figure 2.

Mopens 2: MHE, vMcnoneSoeBaHH Habmopexma 1-102
SapMcHMMaR nepeMeHHafg: price
KoaddwuesT Cr. omubra L—-CTATHMCTHMEE FP-3HaueHME

const -14285,1 4004,31 -3,570 0,0006 R
mEmoTry 3015,16 322,166 9,359 5,60e-015 *&%*
HDD —-4,74393 2,17351 -2,183 00,0316 i
pixel 0,00667310 0,000882544 7,561 3,07e-011 ===
videocard perfor-~ 685,302 130,763 5,245 1,01e-06 A
o5 -6207,89 2447 ,57 -2,536 00,0129 i
keybord 5971,24 2503,69 2,385 0,0182 i
material 9596, 99 2434, 56 3,942 0,0002 R
Hvidia -5802,24 2474,71 -2,385 0,0182 =
uskb2 5216, 64 1415,97 3,684 0,0004 R
usb3 100959, 6 1663,05 6,073 2,86e-08 R

Cpendees 3as. nNepeMeH 50988, 50 Cr. orrn. 3as. nepeMex 39647,29

CyrmMa KE. OCTATROE T,25e+08 Cr. omMbra MoOemm 8923,054

E-xeagpartT 0,954363 Hcocop. E-reagpatT 0,949348

F({l0, 91) 180,2882 P-zs=auenme (F) 1,84e-56

Jlor. npasmonomobue -1066, 744 KpMT. LRaMEe 2155,488

Epur. [Meapua 2184,363 Epur. XexzmaxHa-KyMHHAa 2167,181

Fig. 2. MLR model after eliminating insignificant explanatory variables

Puc. 2. Moageas MJIP nocjie HCK/II0YEHUS] He3HAYUMBbIX 00bACHSIOIIMX MepeMeHHbIX
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Adj. R-squared improved from 0.9484 to
0.9493. Thus, the eliminating insignificant ex-
planatory variables has turned out to be true.
All coefficients were significant (p-value less
than 0.1).

At the next stage, «the existence of the
strong correlation between explanatory varia-
bles» was determined [Econometrics. Regres-
sion analysis using the package Gretl: Labora-

tory Workshop, 2014], so multicollinearity test
was performed (Fig. 3).

All values of variance inflation factors
(VIF) of explanatory variables were less than
10; it has shown the absence of multicollineari-
ty between these variables.

Further, the data were checked for the
unequal spread (heteroscedasticity), to the
White test for heteroscedasticity was carried
out (Fig. 4).

memory 2,853

HDD 1,696

pixel 1,58591

videocard performance 3,561
o5 1,066

kevbord 1,985

material 1,711

Hvidia 1,886

uskb2 2,106

uskb3 4,405

Sgavesmag > 10.0 MODYT VEAEIHEATE Ha HaAMMUYMEe MyIETHEOMIMHEeapHOCTH

Fig. 3. Multicollinearity test
Puc. 3. Tect Ha MYJIBTHKOJVIMHEAPHOCTh

TecToEad CTATHMCTHMEZ: TE™Z

p—SHadeHdre =

F(Xu—-xragpaT(6l)

§2,693952,

> B2,693952) = 0,033706

Fig. 4. White test for heteroscedasticity
Puc. 4. Tect BaiiTa Ha rerepocke1acTUHYHOCTh

Since the p-value was equal to 0.0337
and it was less than 0.05; this indicated the
presence of heteroscedasticity. Therefore, cal-
culations of robust errors were conducted,
which has corrected the values of standard er-
rors of the coefficient estimates. The MLR
model adjusted on heteroscedasticity is shown
in Figure 5.

Thus, from an economic point of view the
interpretation of all coefficients of the explana-
tory variables was correct. All coefficients were
significant. The standard error of the model
was 8923.05 with a mean of 50998.5 (or

17.5%). Adjusted R-square has increased to
0.9484 (more than 0.9 is considered to be high-
ly accurate) [Afanasev V.N., Semenychev E.V.,
2014].

At the final stage, it was important to un-
derstand whether the specification of the model
was correct or whether it was switching from a
linear to a non-linear model. To this end, Re-
gression Equation Specification Error Test
(RESET-test Ramsey) was carried out on the
correctness of the linear specification. RESET-
test is shown in Figure 6.
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Mopmene 3: MHE, mcnonszsosasm =abmooesma 1-102
SasMcHMMas NepeMeHHag: price
PofacTHEE OLSHEM CTAaHIOAPTHHX omMBor (C ODOORREKOM Ha DETEepOCKeNacTHMYHOCTE), EapMa=T HCL
KozddrupesT Cr. ommbBra t—cTaTMcTHka P-3HaueHNe
const -14295,1 3798, 60 -3,763 0,0003 "
memory 3015,16 350, 561 7,720 1,45e-011 *#=
HDD —4,74333 1,89609 -2,502 o,0141 =
pixel 0,00867310 0,00107690 6,137 1,65e-08 EE
videocard perfor~ b85,802 112,826 6,078 2,80e-08 o
oS a -6207,89 2844, 68 -2,182 0,0317 &
kevbord 5971,24 2143,88 2,78 0,0065 kel
material 9596, 99 2335,47 4,109 g,67e-05 HEE
Nwvidia -5902,24 2148,21 -2,748 0,0072 EEE
usbz 5216, 64 1332,18 3,916 00,0002 L
usb3 10099, 6 1685,75 5,958 4,80e-08 EE
BHIMAHME : MaTpMia OaHHEK CIM3IKa K CHHIVIApHOM!
CpenHee Sas. OepeMeH 50998, 50 Cr. orkn. 3as. nepeMern 359647,29
CyrMMa KE. OCTATKOE T,25e+09 Cr. omifira MOOSNM 85923,054
E-kEanpaT 0,954363 Hecop. R-meanmpat 0,945348
F({lg, 91) 193,0951 P-sHageHMe (F) 9,7T7e-57
Jlor. npaegonomobue -1066, 744 EpuT. ArRauKe 2155,488
KEpnr. [Meapua 2184,363 Kpur. Xenmmasa-KyueHa 217,181
Fig. 5. The model adjusted on heteroscedasticity
Puc. 5. Moaeas MJIP ¢ nonpaBkoil Ha reTepoCKeAacTUYHOCTD
BocooMoraTeneHas perpeccHMA OAA TecTa Pamces
MHE, mMcnonssoeasuw Habmonesms 1-102
SaEMCcHMag nNepeMeHHafg: price
KoaddrumeHT Cr. omBxa t-CTaATHCTHMEZ FP-3HadeHMe
const —-2513, 36 6238,91 -0,4028 00,6880
memory 2316,56 426,458 5,432 4, T70e-07 *&=*
HDD -2,6748 2,28382 -1,171 00,2446
pixel 0,00531517 0,0010267T8 5,177 1,37e-08 #*=%
videocard perfor-~ 495,931 149,628 3,314 00,0013 k&
05 —-5935, 64 2387,42 -2,486 00,0148 e
kevbord T567,27 2527,02 2,985 00,0035 i
material 8611, 90 2406,76 3,578 00,0006 i
Hwvidia —-2840,67 2722,94 -1,043 00,2996
usbz 2216,16 1854, 390 1,185 00,2353
usb3 7386, 80 1870,35 3,748 00,0003 i
vhat"2 9,52363e-07 3,93536e-07 2,420 00,0175 =
TecTosag crarTMcTHMrEa: F = 5,856467,
p—-3Hauexme = P(F(1,90) > 5,85647) = 0,0175

Fig. 6. RESET-test
Puc. 6. RESET Tect

Since p-value was equal to 0.0175 and
less than 0.05; the MLR model in Figure 5 was
presented in the wrong functional form (with a
95% assurance level). Therefore, non-linear
terms were added to this regression equation,
so a polynomial was considered (Fig. 7).

Polynomial model. Adding squared vari-
ables haven not helped to improve the goodness
of the model: all variables were insignificant.
As for the multiplication of explanatory varia-
bles, there were several significant coefficients
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(in this case, quantitative variables were multi-
plied by dummy):

1. Multiplication of battery (quantitative)
and Intel (dummy): battery OS;

2. Multiplication of SSD (quantitative)
and Intel (dummy): SSD_Intel;

3. Multiplication of CPU (quantitative)
and OS (fictitious): CPU_QOS;

4. Multiplication of screen_size (quanti-
tative) and Intel (dummy): screen_size_Intel.

When non-linear terms were introduced,
it was also necessary to introduce the desired
variables into the model, so as not to disturb the
economic interpretation. The model with new
non-linear variables (polynomial model) is pre-
sented in Figure 7.

Polinom: MHK, mMcnomesoea=m Habmopexma 1-102

SasMcHMMad nepeMeHHafm: price

PofacTHHE OLEHKEM CTARHIApTHHX omMBox (C NOOpAREKOM Ha DEeTEpOCKEeNaCTMHYHOCTE), EBapmasHT HCI

KoaddrmesT Cr. omuBra t—-CcTaTHCTHEA P-3HadeHMEe

const -112481 21744, 3 -5,173 1,54e-06 *®%%
memory 2462 ,94 407,816 6,039 4,07e-08 **=*
pixel 0,00716890 0,00113523 6,315 1,23=e-08 **=
videocard perfor-~ 429,525 161,609 2,658 00,0094 Rk
o5 34994, 6 13530,2 2,586 0,0114 i
keybord 5636,04 2735,55 2,060 0,0425 el
material 6510,67 2462, 76 2,644 0,0058 R
usb2 52335,82 1345,18 3,891 0,0002 A
u=b3 9261,76 16259,82 5,683 1,87e-07 #®&%
battery 035 -3258,75 1018, 68 -3,188 0,0018 R
battery 3330,49 1053,12 3,183 0,0022 A
Intel 59380, 6 21900, 8 2,711 0,0081 *R R
55D 46,9937 15,6622 3,000 0,0035 R
55D Intel —-45,8205 17,7638 -2,57% 00,0116 =
CEUO 11206, 7 3g989,39 2,809 0,0062 *R R
CFU_OS —-8591, 80 4196, 80 -2,047 0,0438 i
screen_size 3094, 64 1226,40 2,523 00,0135 ==
screen size Intel -3397,57 13749,81 2,462 0,0158 R

BHIMMAHME : MaTpMua OaHHEHK DAM3IKa K CHMEDVIApHONR!

CpepgHee 3as. OepeMeH S09%98,50 . OTEI. 3as. nDepemed 39647,29

CyrpMa RE. OCTATROE 5,55e+09 . omafixa Mogesm 8131,815

R-rEamgpaT 0,965013 Henp. RE-xEamgpaT 0,957932

F(17, 84) 145,6543 P-zxauwexmue (F) 3,02e-55

Fig. 7. Polynomial model
Puc. 7. lloarmnoMuajnHast MoaeJIbL

From an economic point of view the in-
terpretations of all coefficients of the explana-
tory variables have turned out to be correct.
Compared to the model in Figure 5, all coeffi-
cients were significant; the standard error of the
estimate decreased from 8923.05 RUB to
8131.81 RUB (or 15.94%); adj. R-squared in-
creased to 0.9579, which means the inclusion
of new variables has turned out to be true.
MAPE was evaluated to be 14.44% that was a
little better than 16.4% in Figure 5. That was,
the goodness of fit to selected data was good
[Absolute approximation error, 2018].

Because of the result of RESET-test, the
hypothesis of a well-chosen model specifica-
tion has declined, models in nonlinear forms
were considered: exponential, logarithmic,
power-law, semi-logarithmic.

1. Exponential model: the dependent var-
iable was represented by the logarithm, and the
independent variables were in the original
form. Verification of all problems: multicollin-
earity, heteroscedasticity, equality of coeffi-
cients. After their recovering the following
model was obtained (Fig. 8).
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Exponent: MHE, mMcnonesoeadHn Habmoonesma 1-102
Saeucuran nepeMeHEHad! 1 price
KozdduumesT Cr. omBxa L—-CTaATHMCTHME2 P-3HaueHMe
const 8,69552 0,237334 36,64 2,87e-056
CPU 0,15971%8 0,04634489 3,446 0,000%9
memory 0,0194380 0,00750123 2,581 00,0111
55D 0,000450035 0,000200036 2,250 00,0269
screen size 0,056440%9 0,0168817 3,343 00,0012
pixel 4,29085e-08 2,3306%e=-08 1,841 00,0689
o5 —-0,102005 0,0573663 -1,778 00,0787
kevbord 0,314172 0,0607564 5,171 1,37e-06
material 0,2805249 0,0568803 4,931 3,66e-06
Hwvidia 0,125030 0,0543187 2,303 00,0236
ush3 0,125623 0,0328594 3,823 00,0002
CrensHee 3ag. nepeMeH 10,62606 Cr. orrn. 3as. nepemex 0,640266
Cyrra KE. OCTaTHOE 4,037548 Cr. omMbra MOoOSmI 0,210639
E-xEagpaT 0,902424 Hcocnop. BE-xeagpatT 0,891768
F{ilo, 891) 84,21824 P-sumauenwme (F) 1,48e-41

All coefficient were significant. The
standard error of estimate was low: 0.2106 with
a mean of 10.6261 (or 2%). Adj. R-squared was
equal to 0.8918 (about 0.9 is considered to be
highly accurate) [Afanasev V.N., Semenychev
E.V., 2014]. MAPE was 1.55%, that was sig-

Fig. 8. Exponential model
Puc. 8. DxcnoneHmuajJabHas MoaeJab

ple data.

nificantly lower than 10%, therefore it indicat-

ed a high accuracy fit of the model to the sam-

2. The logarithmic model: the dependent
variable was presented in its original form, and
the independent variables were represented by
the logarithm (Fig. 9).

1 wideocard perf-
1 kattery

CpemHees 3Iak. OepeMeH
CyMmMa KE. OCTATKOE
E-xeampar

Fi{4, 97)

Logarifm: MHE, mMcnonesScoEasEn Habmooesma 1-102
SaeMcHMMan nNepeMeHHag: price
PoBacTHES OLEHEM CTaAHOAPTHHK OIMEOR

(c monpasroi

KoadduumesT Cr. omafra TC-CTATMCTHMER

—452619 93388, —-4,847
38116, 3 T1l26,49 2,349
27774,8 6319, 38 4,385
83349,72 2100,04 3,971
10322,3 4388, 69 2,352
S0998, 50 Cr. OTKEN. 3aB. OepeMeH

3,52e+10 Cr. omafra Momgsmda
0,778434 Hcnop. BE-xeEampar
20,76482 F-zxagexHue (F)

P-3HageHME

4, T7T7e-06
5, 90e-07
2,83e-05
0,0001
0,0207

39647,29
19043, 20
0,769297
2,19e-12

E

Ha IeTEpOCHeOacTHMYHOCTE) ,

Fig. 9. Logarithmic model
Puc. 9. Jlorapupmuyeckasi Moge/b
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All coefficient were significant. The
standard error of estimate was high: 19043.20
RUB with a mean of 50998.50 RUB (or
37.34%). Adj. R-squared was equal to 0.7693
(about 0.75 is considered to be the lower ac-
ceptable value) [Afanasev V.N., Semenychev

E.V., 2014]. MAPE was 34.33%, so the model
fit was satisfactory.

3. The power-law model: dependent and
independent variables were presented in loga-
rithm (Fig. 10).

stepen: MHK, ucnonssosBaxu HabmooesHma 1-102
Sasucyrian nepemMeHHasa: 1 price
Koaddymumenr Cr. ommbxa t-cTaTHCTMKa P-3HaueHue

const 4,37504 0,858471 5,096 1,73e-06 R
1 core -0,190388 0,0772941 -2,463 0,0156 won
1 memory 0,657717 0,0707091 9,302 4,71e-015 #w#*w
1l pixel 0,306454 0,0652644 4,696 8,84e-06 fallalel
1l videocard perf~ 0,245423 0,0358586 6,844 7,23e=-010 ***
1 battery 0,210947 0,0657475 3,208 0,0018 W e e

Cpenuee 3as. nepeMeH 10,62606 Cr. orkn. 3aB. nepemMexd 0,640266

CyrMa KB. OCTaTKOB 5,859630 Cr. omuBxa mMomes M 0,247058

R-KEagpaT 0,858477 Henp. R-kKBagpaT 0,851106

F(5, 96) 116,4669 P-3navenme (F) 3,61e-39

Fig 10. The power-law model
Puc. 10. Ctenennasi moaeJin

All coefficient were significant. The
standard error of estimate was low: 0.2471 with
a mean of 10.6261 (or 2.32%). Adj. R-squared
was equal to 0.8511 (less than 0.9 indicates a
lack of high accuracy). MAPE was 1.87%, that

was significantly lower than 10%, therefore it
indicated a high accuracy fit of the model to the
sample data.

4. The semi-logarithmic model is shown
in Figure 11.

polulog: MHE, wMcnonesoeaHH Habmomesma 1-102
Saemucran nepemeHHafg: 1 price
KozddmumesT Cr. omabra L—-CcTaTHCTHMEa2 P-3HagweHMe

const 6,43668 0, 7Tla681 8,981 4,11e-014 ***
1 memory 0,412848 0,0578832 7,132 2,52e-010 *=*=
1 pixel 0,163844 0,0482918 3,383 00,0010 A
1 wvideocard perf-~ 0,0979744 0,0314642 3,114 00,0025 A
keybord 0,239628 0,0537784 4,456 2,42e-05 A
material 0,189603 0,0488636 3,880 0,0002 A
MDD -0,118747 0,0587931 -2,020 00,0464 =
uskb3 0,100179 0,0271164 3,694 00,0004 HEE
CPUO 0,0989105 0,0430834 2,296 00,0240 =
X11 X12 0,0002910%91 0,00011361%9 2,562 0,0121 =
HDD —-0,000374044 0,000114036 -3,280 00,0015 A
C5 —-0,206083 0,070889%9 -2,907 00,0046 A
Screen size 0,0379%929 0,0160810 2,363 00,0203 =

CpemHee 3abs. nNepeMeH 10,62606 Cr. orrn. zas. nepemex 0,640266

CyrMMa KE. OCTATKOE 2,623745 Cr. omabra MOOe M 0,1716598

E-KEamoparT 0,936631 Henp. E-xEamgpatT 0,5828087

F({l12, 89) 109,6222 F-zHauwexEMe (F) T7,05e-48

Fig. 11. The semi-logarithmic model
Puc. 11. Ioayaorapupmuyeckas moaenb
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All coefficient were significant. The
standard error of estimate was low: 0.1717 with
a mean of 10.6261 (or 1.62%). Adj. R-squared
was equal to 0.9281(more than 0.9 is consid-
ered to be highly accurate). MAPE was 1.21%,
that was significantly lower than 10%,
therefore it indicated a high accuracy fit of the

model to the sample data.

The next stage, the comparison of the re-
sulting models was carried out. Comparison is
possible only if the models are presented in the
same type of dependent variables, so in the
same units of measurement. The comparative
Table 2 is below.

Table 2

Comparative table on models

Taoauma 2

CpaBHuTenbHas Ta0JMIA MOJeJIeH

o . Standard error of | Mean absolute percent-
Model/Criterion Adj. R-squared the estimate age error (MAPE)
1. The dependent variable is in rubles
Multiple Linear Regression 0.9493 8923.05 16.95%
Polynomial 0.9579 8131.81 14.44%
Logarithmic 0.7693 19043.20 34.33%
2. The dependent variable is presented in logarithm-rubles

Exponential 0.8918 0.2106 1.55%
Power-law 0.8511 0.2471 1.87%
Semi-logarithmic 0.9281 0.1717 1.21%

Thus, according to all indicators the pol-
ynomial model was better in the first case and
the semi-logarithmic — in the second case. The
choice of the best model was carried out to the
non-nested models test (PE-test). Figure 12
shows the models with predictions of a compet-
ing model.

For the PE-test, the coefficient of the var-
iable lin (the difference between the logarithm
of the forecast of the polynomial model and the
forecast of the semi-logarithmic model) and log
(the difference between the forecast of the pol-
ynomial model and the exposed forecast of the
semi-logarithmic) were calculated [Economet-
rics. Regression analysis using the package
Gretl: Laboratory Workshop, 2014]. For the

polynomial model, the coefficient for the varia-
ble lin has turned out to be significant (the p-
value was 0.0041), so the model can be im-
proved.

For the semi-log model, the coefficient of
the variable log has also turned out to be signif-
icant (the p-value was 0.0009), so the model
can be improved too. Since the coefficients in
the both models are significant, it was not pos-
sible to make a definite conclusion. Therefore
the models were compared by the value of sig-
nificance. Since the p-value (0.0041) was larger
in the polynomial model than in the semi-
logarithmic model (0.0005), then the coeffi-
cient in the polynomial was less significant.
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KoagduimeHT Cr. ommbxa L-CTaTHCTUEE P-3HadeHue
const -1149439 21875, 3 -5,255 1,13e-06  #=**
MEMOTY 2262,53 373,981 6,050 4,01e-08 "
pixel 0,00775341 0,00100189%8 7,738 2,16e-011 #**
videocard perfor~ 467,163 129,704 3,602 0,0005 "R
o3 42566,7 10164,7 4,188 6,98e-05  #*xw
kevbord 4685, 35 2366, 38 1,879 0,0511 id
material 6706,07 2326,43 2,883 0,0050 Yoo e
usb2 5246,92 1181, 76 4,440 2,75e-05  ®x*%
usb3 9373,13 1426,37 6,571 4,12e-09  w¥w
battery 05 -3784,24 745,255 -5,078 2,31e-06 ko
battery 4076,93 761,822 5,352 7:59e-07 *RE
Intel 39901 .,.7 20817,1 1,808 0,05488 ®
55D 48,1242 13,5567 3,550 0,00086 k&
55D_Intel -45,1367 15,7974 -2,857 0,0054 o
CEU 13085,8 3499, 36 3,739 0,0003 RH R
X2_X7 -10411,4 3562,02 -2,923 0,0045 Ll
2creen size 2639,72 1136,47 2,323 0,0226 o
2creen size Intel -2097,31 1314,45 -1,5% 0,1144
lin -19889,9 6729,88 -2,855 0,0041 LE

KoaddsmmenT Cr. omufra t—CTATHMCTHMEE P-3HauweHMe
const T,10665 0,704300 10,09 2,35e-016 www
1 memory 0,443669 0,0553911 8,010 4, 43e-012 ===*
1 pixel 0,101632 0,0490655 2,071 0,0413 ®R
1 videocard perf~ 0,102991 0,0297480 3,462 0,0008 e e
keybord 0,251649 0,0509041 4,944 3, 64e-06  ®x*
material 0,1959354 0,04622598 4,312 4,21=-05 itk
LMD -0,128047 0,0555851 -2,304 00,0236 * K
usb3 0,106707 0,0256768 4,156 7,50e-05 R E
CEUO 0,102227 0,0406957 2,512 0,0138 ®#
X11 X12 0,000325709 0,000107764 3,022 0,0033 " w
HDD -0,000444604 0,000109626 -4,056 00,0001 ok
05 -0,185801 0,06870082 -2,922 0,0044 REE
screen_size 0,048078 0,0154666 3,108 0,0025 L
log 9,19642e-068 2,6876502-086 3,436 0, 00089 R

3akioueHue

Thus, the polynomial model was chosen
or further econometric analysis (Fig. 7). Let us
give an economic interpretation of the coeffi-
cients of the explanatory variables in the total

influence of all factors:

1. If the amount of RAM is increased by
1GB, the laptop’s price will increase on aver-
age by 2,462.94 RUB, other things being equal.

2. If the number of pixels is increased by

Fig. 12. PE-test results

Puc. 12. Pe3yabTaTtsl PE-TecTa

average by 7168.90 RUB, other things being

equal

equal.

1000000, the laptop’s price will increase on

3. If the performance of the video card is
increased by 1% the laptop’s price will increase
on average by 429.53 RUB, other things being

4. If the number of usb-ports 2.0 is in-
creased by 1 unit, the laptop’s price will in-
crease on average by 5233.82 RUB, other
things being equal.
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5. If the number of usb-ports 3.x is in-
creased by 1 unit, the laptop’s price will in-
crease on average by 9,261.76 RUB, other
things being equal.

6. If the battery life is increased by 1
hour, the laptop’s price will increase on aver-
age by 3330.49 RUB.

7. If the CPU’s frequency is increased
by 1 GHz, the laptop’s price will increase on
average by 11206.7 RUB.

8. The laptops with keyboard lightning
will cost more on average by 5636.04 RUB
than laptops with non-lightning.

9. The laptops with a metal case will
cost more on average by 6,510.67 RUB than
laptops with a plastic case.

10. The price of the laptops with the Win-
dows OS is on average by 34994.60 RUB higher
than other operating systems, provided that:

— if the battery life is increased by 1
hour, the price of the laptops with Windows OS
will grow less on average by 3,258.75 RUB
than laptops with another OS;

— if the CPU’s frequency is increased
by 1 GHz, the price of the laptops with Win-
dows OS will grow less on average by 8591.80
RUB than laptops with another OS;

11. If the volume of solid-state drive
(SSD) is increased be 1 GB, the laptop’s price
will increase on average by 46.99 RUB,;

12. If the diagonal of the screen is in-
creased by 1 inch, the laptop’s price will in-
crease on average by 3094.64 RUB;

13. The price of the laptops with Intel
graphics card will cost more on average by
59380.60 RUB higher than laptops with AMD
and Nvidia under two conditions:

—if the value of SSD is increased by 1 GB,
the price of the laptops with Intel graphics cards
will grow less on average by 45.82 RUB less
than laptops with AMD and Nvidia videocards;

— if the diagonal of the screen is in-
creased by 1 inch, the price of the laptops with
Intel graphics cards will grow less on average
by 3397.57 less than laptops with AMD and
Nvidia videocards.

So during the research the model was
built based on econometric analysis which al-
lowed to draw the conclusion on the optimal
laptop’s price under the influence of various
factors. These factors were explained the lap-
top’s price by 95,79%.

The model has an error of 15,95%. The er-
ror can be reduced by increasing the number of
observations and the number of factors. If an
econometric model is built for using in practice,
we can add factors such as laptop weight, pro-
cessor generation, battery capacity, RAM fre-
quency, display matrix type, memory card sup-
port, the presence of Kensington lock slot, etc.

Use the resulting econometric model on a
specific example. Take from official website of
the  State  Procurement the  Purchase
Ne31807033837 to deliver the computers and
one laptop, posted on 10.23.2018 [5]. Under the
contract, one laptop is purchased with a stated
initial contract price of 134750.49 RUB. These
terms of purchase are suitable for the resulting
econometric model as the delivery is carried
out at retail. According to the information that
is specified in the technical project, it is ex-
pected to purchase a laptop model Dell XPS15
15.6". In this laptop model uses the following
parameters, listed in Table 3.

Table 3
Dell XPS15 15.6™ laptop settings shown in the information card
Taoauna 3
IMapametps! HoyTOyKa Dell XPS15 15.6", ykazanHble B HHGOPMALHOHHOI KapTe
Factor Measurement
CPU frequency 2,5 GHz
Core 4 cores
Random access memory (RAM) 8 GB
Hard disk drive 1000 GB
Solid state driver 128 GB
Monitor inch 15,6
Pixels 2073600
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Factor Measurement
Performance of video card 26,9%
USB ports 2.0 0
USB ports 3.x 4
Battery 10 hours
Operation System (OS) Windows OS (1)
DVD-drive No (0)
Keyboard lightning Yes (1)
Laptop’s material Metal (1)
Nvidia video card Yes (1)
Substituting these data into the economet- References

ric model, the average price of a laptop was
80906.75 RUB. Taking into account the stand-
ard error of regression, the maximum contract
price should not exceed 93807.33 RUB. The
stated contact price of 134750.49 RUB signifi-
cantly exceeds the optimal price of the laptop
by 40943.16 RUB.

Thus, using the econometric model al-
lows to create a rationing mechanism for initial
(maximum) contract price of purchases and to
increase the efficiency of budget spending.
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