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In the paper there are considered random graphs of Internet-type, i.e. graph node
degrees are drawn independently from power-law distributions. We study the simulated
power of the Chi-square and Kolmogorov-Smirnov goodness-of-fit tests in checking a
hypothesis that graph node degrees are identically distributed.
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We consider random graphs with node degrees &,&,,...,&, drawn independently
from the following distribution:
P{& >k}=k™, k=12,..;1=12..,N;7,>0, (1)
where N is the number of nodes numbered from 1 to N and 7; are distribution parameters.

Such graphs are being widely studied since the past decade due to the wide use of these
models for the description of complex networks (see e.g. [1-3]). It had been shown [1, 2]

that in real networks (in particular, Internet) parameters 7; are most likely to be equal
7, =7, =...= 7, =7 and laying in the interval (1,2), that is why they sometimes are called

Internet graphs [4]. In this case the distribution (1) has finite expectation and infinite
variance.

In our work we explore competence of using the Chi-square and Kolmogorov-
Smirnov goodness-of-fit tests for testing a hypothesis that graph node degrees are
identically distributed and follow a power-law (1). Previously there was built a computer
model of random graphs of Internet-type [5] and analyzed the behavior of some structure

characteristics of these graphs when 7, =7,=...=7=7. Here by Monte-Carlo
simulations we study the power of considered goodness of fit tests when checking a simple
null hypothesis H,, that node degrees follow the distribution (1) with 7, =7, =...=7 =7
along with an alternative H, that the data is drawn from a different distribution or that
not all 7; are equal to 7.

At first, graphs were simulated for seven graph sizes N from 1000 to 10000 and 9
values of parameter 7, =7, =...= 7, =7 € (1,2) with a step 0.1 (for each pair (N,7") we
generated 100 graphs). For each graph there was checked a hypothesis H, at the standard
significance level 0.05. There were built regression models for the dependence of powers of
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Chi-square (g,) and Kolmogorov-Smirnov (f4s) goodness-of-fit tests on N and

o I‘T—T*‘ (multiple correlation coefficients of the models are 0.83 and 0.78

correspondingly): |
_ (0.22InN +0.19In 5 +0.05, 0.01< 5 <min 6}8148.4- N %2
. {1’ 5>min 6}8;148.4- N2 §
I sy = {O.Sln N+0.7ln5-37, 0.01<5<min §8197.5- N7
L 5> min 6§8197.5- N7

It’s important to note that the graph structure is such that 50-70% of nodes have
degree 1, 14-16% — have degree 2, 5-8% — degree 3, etc. Following this observation and the
results of power study we showed that it is enough to use 3 bins in the Chi-square
goodness-of-fit test.

Secondly, we simulated random graphs with two types of nodes such that node
degrees follow a power-law (1) with Tl* and r; (TI < T; ). Percentages of nodes of each type

were taken to be 50/50%, 20/80%, 80/20%, 2/98% and 98/2%. We generated random
€[0.1,0.8] with a

step 0.1. In accordance with calculations of simulated power there were built models of the

*

2

graphs of 4 sizes N from 1000 to 10000 and 8 values of & = T;

dependence of powers of goodness-of-fit tests on N and & . Models show that the power of

goodness-of-fit tests increases with the growth of both graph size Nand &  along with the
growth of the difference between percentage of nodes of various types.

So, in accordance with the results of simulated power study of the Chi-square and
Kolmogorov-Smirnov goodness-of-fit tests we conclude that the use of these tests in
checking a hypothesis that graph vertex degrees are identically distributed and follow a
power-law (1) is lawful, though sufficiently large power of tests could be ensured for graphs

consisting of more than 10* nodes. Furthermore the rejection of the null hypothesis does
not fully show that graph node degrees are identically distributed with a defined
parameter, it doesn’t exclude a case that graph contains nodes of different type, but their
proportion is rather small.
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PaccmaTtpuBatores cirydaitHble rpadsl IHTepHeT-TUIA, T.€. rpadbl, CTEeHU BEPIIUH
KOTOPBIX HE3aBHCHUMBI U HMEIOT CTeleHHble pacrpezesneHusa. C IMOMOIIBI0 MeTOJ0B
VMUTAIMOHHOTO MOJIeJINPOBAHUA IIPOBEJIEHO UCC/IeZlOBAaHME MOIIHOCTH KpUTEepUEB
corsacusa Ilupcona u KosmoropoBa-CMupHOBa HpH IIpOBEpPKE TUIIOTE3BI O TOM, UTO
CTeIleHU BePIINH I'pada OJUHAKOBO pacnpesiesieHbl.

KiroueBbie ciioBa: ciaydaliHble Tpadbl, KpuTepuid coryiacus IlupcoHa, Kputepuil
corsiacua Konmoroposa-CMHUPHOBa, UMUTALlUOHHOE MO/IeJINPOBAHUE.
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