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Abstract: The main objective of this paper is to predict #adue of social
capital at Red Hat Corporation, using a developedral network model.
Training data were collected and calculated basad balance sheets
published for the years 2005 - 2012. Five variallese proposed as an input
of the neural network. The output variable presgritee value of social
capital, calculated by fundamental equation [Wadukcz 2006].
The artificial neural network had been trained fatiStica Automated Neural
Network.
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INTRODUCTION

Social capital, which is the most valuable resowtall IT companies,
is defined as all the formal and informal relatiops between employees: their
ability to cooperate, trust, solidarity, loyalty éach other, etc. These are extremely
essential features, since the passion, commitmedtemthusiasm of engineers
developing software determine the success of spplications and company as
well. That is why the competent and reliable meas@nt of those assets value
should therefore be one of the priorities of thedmpany. Literature presents and
characterises plenty of tools which allow the eatibin of social capital. However,
no widely accepted method using soft computingldees proposed so far. In 2013
the author applied an interesting method and cdeduthe analysis of using an
artificial neural network to assess the value ofiaocapital in IT companies
[Siderska 2013]. This paper investigates the pteiof the value of social capital
at Red Hat in the first quarter of 2013, using jesmga model of the neural network.
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THE HISTORY OF OPEN SOURCE MOVEMENT

To fully understand an open source developmenti@ndotential power
it is necessary to assimilate some backgroundrimdton on this movement and its
main pioneers and activists: Eric Raymond, Richitd Stallman and Linus
Torvalds. The origins of open source software dmtek to 1965 when a team
of scientists from Bells Labs AT&T, MIT and Gener8lectric Company
developed a new operating system - Multics. In 1B&hard Stallman from MIT
started developing a free operating system callet §Gtallman 1995]. One of the
leading members of the GNU project, Eric Raymondlighed in 1997 the paper
"The Cathedral and the Bazaar", which has beengresed as one of the most
fundamental texts in the history of open sourcee Bssay proposed new and
innovative models of free software development. Rayd discussed his theories
in terms of fundamentally different developmentlesy the cathedral model and
the bazaar model [Silvester 1991]. Raymond comppregrietary and commercial
software to monumental cathedrals built in conegiin and silence. He was
convinced that “the most important software (esgfcoperating systems) needed
to be built like cathedrals, carefully crafted gividual wizards or small bands
of mages working in splendid isolation, with noda be released before its time”
[Raymond 1999].

Over 20 years ago a Finnish student - Linus Tosyaldcided to develop the
new kernel of the operating system - Linux. Thecess of the software developed
by him convinced Raymond that the bazaar modelaums of the massive effort
undertaken by a large number of developers, wotiliglprofits to both authors
and users. The fundamental statement defining bamadels was an argument
written by Raymond: “given a large enough betagtesind co-developer base,
almost every problem will be characterised quickhd the fix will be obvious
to someone [Raymond 1999]".

RED HAT CORPOPRATION

Company background

Nowadays the biggest computer company making opercs development
a key part of its ongoing software strategy is R&d Inc. It has its corporate
headquarters in the USA with satellite offices waide. The flagship product of
the company is Red Hat Linux — one of the most fopdistributors of the Linux
operating system. As of May 31, 2014 Red Hat hautayimately 6500 employees
worldwide. However, the most important contributiohthe company’s success
has been its developers - volunteers from all dier world. The number of
individual developers working on Linux kernel haeseh increasing over the
different versions of the programme. Over 12% of the Linux kernel
development has been done by developers who aryedpby Red Hat. Nearly
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18% of developers are doing this work on their owith no financial contribution
from any company [Corbet 2012]. Red Hat is the ddelader in providing open
source solutions for the enterprise community. Redt Linux is being
disseminated under the GNU General Public Licengleowt any fees. However,
the company benefits mostly from support and ses/jRed Hat 2013].

In 2005 Red Hat became a part of the NASDAQ, anr-the counter,
regulated stock market in the United States, uttteeisymbol RHAT. In 2006 the
company listed its shares on the New York Stockharge (NYSE) under the
ticker symbol RHT. It boasts a number of powerfustomers including Amazon,
DreamWorks, Morgan Stanley etc. [Munga et al. 200Bhe company has
achieved significant success in the software mafle¢r the last four quarters, the
company’s revenue rose by an average of 16% yegean The largest growth
was in the first quarter of 2013, when the revedimbed by 19%. Notably, Red
Hat became the first billion dollar open source pany in its fiscal year 2012,
reaching $1.13 billion in annual revenue [BabcoBkZ. For the past ten years the
gross profit (difference between revenue and th& ob making a product or
providing a service) has been constantly growingese values are shown in
Figure 1.

Figure 1. Red Hat's gross profit for years 2002012 (in millions USD)
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Source: own study (on the basis of annual finanmejpbrts)

All those mentioned issues prove that the mostipuscassets of Red Hat
are software engineers, programmers and analysigietveloped the Linux kernel.
Their human capital builds up the social capitatief whole company, therefore
it is essential to assess the value of those iribasy
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Business mode

The literature lists and characterises many wayadufpting open source
software in business models. Frank Hecker suggesiate interesting business
models and strategies in his paper “Setting up :sti@p business of open source
software”. He summarised the following business e®dHecker 1999]: Service
support seller, Accessorising, Widget frosting,v8®r enablers, Brand Licensing,
Software Franchising, Loss - leader, Sell it, Ftee

Red Hat appliedervice support seller model - the most common business
model for companies involved with open source safewThe revenue comes from
media distribution, branding, training, consultirand post-sales support instead
of traditional software licensing fees. This modes originally recommended
by Richard M. Stallman in his GNU Manifesto, witlyghus Solutions being the
first company to implement such solutions. Nowad#yes best known vendors
applying the business model in question are RedaHdtCaldera Software. In the
operating system market the company competes Withited number of large and
well-established companies that have significagtiyater financial resources and
larger development staff: Microsoft, HP, IBM, OmclGoogle [Wikiinvest.com
2013].

Linux is being developed through the joint effofttimousands of volunteers
all over the world. They are creative people wharsttheir knowledge and make
constructive criticism of the work of other professls by developing and
improving these applications. The idea behind teeetbpment of open and free
applications is common, parallel and creative wofka team of experts, who
communicate with each other via the Internet. Tloeee such a process
is a creative process, since such applicationsi@igie, created for the first time.
The informal relations between them make the prtsdumaore perfect, secure,
reliable and with less backbiting and less fallitilan flag products of ICT giants
(such as the Windows operating system developetioyosoft). The passion,
commitment and enthusiasm of the volunteers deterntihe success of such
applications. Here, the Internet plays an imporfaant: efficient communication
and the rapid exchange of ideas between programhases a significant impact
on the progress in the development of such projects

Thevalue of Red Hat

The discussion of value should start with the motd social capital (SC),
according to Walukiewicz [Walukiewicz 2006]:
social capital (SC) is composed of formal and/or informal relatioamong
workers, teams, organisational units, etc. withiira (internal relations), as well
as formal/informal relations with customers, sugj banks, regional/central
governments, R&D institutions etc. (external relas).

Moving on, the market value of a given firm F at a given moment t,
denoted by V(F,t), equals the number of issuedkstoaultiplied by their current
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stock price. In other words, the market value &shice investors are ready to pay
for firm F at a given moment t of its present (big), taking into account
information about the past.

V(RH,t) will denote the value of Red Hat at a giy@nt in time t. Since the
entire capital of the firm is conceived of as cetisg of four parts (finance capital,
physical capital, human capital and social capitlad following formula can be
proposed:

V(RH,t) = v(FC,t) + v(PC,t) + v(HC,t) + v(SC,t) Q)

This is calledfundamental equation as it forms a base of the accounting
model for the social capital analysis. The formségs that in a market economy,
under the conditions of equilibrium, when demandads| supply, the value of Red
Hat equals the aggregate sum of the four comporsdués of its capital: financial,
physical, human and social at any moment t of itm’s past, present and future
[Walukiewicz 2006].

The market value of Red Hat at a given moment t, denoted by V(RH,t)
equals the number of issued stocks multiplied kerthtock price. For instance,
in 2009 there were 193 024 423 stocks and the spoie closed at $30.49.
The market value of Red Hat was hence $5 964 434 B other words, the
market value is the price investors are ready tp fpa a company at a given
moment t of its present (historyhe book value of Red Hat at a given moment t,
denoted by BV(RH,t), is defined as the differenetween its total assets and its
total liabilities, calculated at the end of a repwy period (year, quarter or month),
when balance sheets are prepared. Consequenthjpothie value is a step-wise
function of time. Red Hat's book value in 2009 wkis 304 605 000. The book
value is commonly understood as the value of thenpamy -calculated
in accordance with the accounting principles attioenent t defined as above.

For almost all stock exchange listed companiesythgket value is higher
— in knowledge-intensive sectors much higher - tih@ncorresponding book value.
The author claims that the difference between theket value and the book value
of each firm is simply the value of a company’'siabcapital. This means that
in traditional accounting a significant share ofnpanies’ market value is not
included on the company’'s balance sheets. Therelifee between the market
value and the total registered assets equalled5$4869 671 ($4.66 billion)
in 2009. This means that 78% of the Red Hat's markdue was ignored
by traditional accounting and not recorded on #kbce sheets. It is assumed that
1/3 of this difference is associated with the hurnsapital and the rest with the
social capital (software production is team wolRed Hat is a typical company
of the knowledge-based economy in a sense that thare a half of its market
value is produced by its social capital. The actogn items: goodwill
and intangible assets should be considered astemptof Red Hat to account
for its social capital, but the value of social italprecorded so far is less than 2%
of its market value.
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ARTIFICIAL NEURAL NETWORK MODEL

The training data contained information concerreagh quarter from 2005
til 2012 and were gathered from the balance sheetsished by Red Hat
Corporation, Microsoft and IBM. Taking into considdon the data concerning
these additional two companies, allowed the entaege of the whole training set
— it contained 96 cases (3 companies, 32 quartdrsjuarters per each year).
Moreover, such procedure resulted in an increast¢hén ability to generalise
the data.For artificial neural network the Statistica 10.Qutdmated Neural
Networks module was used. For instance, the valbi@gpput and output variables
for the fourth quarter of 2012 are shown in Tabl@ll variables are demonstrated
in USD, except employment which is shown in unier simplicity the values
of social capital, assets, liabilities, market ealand book value are converted
to millions of USD. The volume of employmeXs is presented in units.

Table 1. Values of input and output variables mfiburth quarter of 2012
(in millions of USD)

Market Book | Employment| Total L Social
. . Liabilities .
value value (in units) asssets capital
X1 X2 X3 Xa Xs Y
10 231 1599 4 500 2 492 892 5622

Source: own study

80% of the data set was chosen for the training b of the samples
constituted the cross-validation set and anothé&t ©0the samples were used for
testing. Measures were determined based on thenigaset and allowed to assess
the capacity for approximation. They point to theqgision in determining the
output variable value for input vectors presentedingd) learning. The most
significant is correctness for input vectors tharevnot presented in the training
process (ability to generalise the data).

There is no doubt that artificial neural networkrfpemance depends
on learning rather than programming. The main u$eaoneural network
is developing models - the formal structures or piagp a process
or a phenomenon. The neural network can be anlertehodel of any system.
The learning process is an iterative process, tedemany times, step by step, with
the fundamental objective to optimise the netwoakameters, i.e. the weighing
factors. Each of the input variables initially getdomly assigned weight, the
strength of its effect on the value of the outpariable. The values of the weighing
factors are determined in the learning processwhich neurons acquire the
knowledge and intelligence. The higher the weitité, more important the variable
given [Lula et al. 2007].
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In the present case a supervised, learning-witlxiadr approach was
adopted. This type of training is characterisedhgyfact that the networks receive
examples of normal operation that they imitate. id®&s the input signals, the
expected answers (the output signal) should berdeted. The network is trained
on the basis of the knowledge of the social capitdlie [Lula et al. 2007]. The
developed network model was trained using backamapon, which is one of the
most frequently used and the most effective legrrafgorithms of multilayer
neural network. Its essence was based on minimigiagsum of squared errors
of the network. Errors that occur at the outputhef network are propagated in the
opposite direction than the signals passing throtigh network, i.e., from the
output layer to the input [Rutkowska et al. 199i]the input layer of the network
five neurons are analysed, since it is assumed tthisitis exactly the number
of input variables affecting the output variabléeTmodelling of the social capital
value is a regression task, so only one neuronaracherised by the dependent
variable - is presented on the outplihe analysis covered the following input,
independent variables:market value - quantitative variable, calculated
by multiplying the number of shares and the priee ghare at the end of the
quarter;book value - quantitative variable, calculated as the diffieebetween the
sum of total assets and the total liabilitiéstal assets - quantitative variable
liabilities - quantitative variableemployment - a quantitative variable, defined
as the number of employees.

The output (dependent) variable represented theevaf social capital.
Necessary calculations of the social capital valeee made using the fundamental
equation, formulated by S. Walukiewicz in 2006. Maarameters of the model
had been investigated before the final structures waoposed. The author
compared many models with different numbers of @iddeurons, the activation
function, the learning algorithm ef€able 2 presents a summary of the parameters
of obtained three-layer perceptron. These parametbowed to accomplish the
best quality in the validation set.

Table 2. Parameters characterising the proposeadinstwork model

Neural Activation function | Activation function Error Learning
network (hidden neurons) (output neurons) algorithm
MLP 5-3-1 Tanh Linear SOS—sum  preg
of squares

Source: own study

The results of social capital value estimated usiimgfundamental equation
and using the constructed model, the MLP 5-3-1 agtwwere compared. For this
purpose, the functionpredictions for new data was used. The value of the
predicted social capital has been provided byrtieed neural network.

Table 3 presents the results of the predicted vafusocial capital (Y*) of
Red Hat for the first quarter of 2013.
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Table 3. The value of social capital in the firsager of 2013 (in millions of USD)

Social capital . .
Market | Book Employ.ment Total Liabilities | (Fundamental Social capital
value | value (inunits) | asssetg E . (MLP 5-3-1)
quation)
X1 X2 X3 X4 Xs Y Y*
9229 | 1499 5500 24 845 986 4 955 5121

Source: own study

The anticipated value of social capital (Y*) in thest quarter of 2013 was
predicted using the proposed three-layer percepfida 5-3-1. The value of social
capital (Y) was calculated using Fundamental Equatilrhe difference between
those values is only about 4%. Those values autaatthe proposed method
as a reliable tool for credible estimations of vh&ue of social capital.

SUMMARY

Artificial intelligence tools, including neural mebrks, are increasingly
being used not only in the areas of engineeringtdpa recognition, signal
processing, control, optimisation), but also inremoics and management. Neural
network models are often used in the forecastingcohomic phenomena, such as
in predicting trends in the stock market, saleedasting, pricing, identifying risks
of the granting of credit. Artificial neural netwkar are among the methods of data
analysis which are a very powerful application anel therefore increasingly used
as an alternative to traditional analytical methqasviding more reliable results
[Tadeusiewicz, 1993].

The human factor is the most precious resourcengfcampany from the
ICT sector, including Red Hat. Despite numeroushos for estimating the social
capital value, no widely accepted tools have yenhgroposed. At the same time,
no soft computing techniques for modelling the eabf social capital as well
as for analysing the independent (explanatory)atdes have been developed
either. This paper presents the draft of an artificial akumetwork for modelling
the value of social capital at Red Hat.

Further research will focus on the feasibility bé tapplication of a neural
network model as was built for the world's biggesinpanies in the information
technology industry: Microsoft, IBM, Oracle, NovelBAP. Moreover, it would
be interesting to develop a similar tool (usingt smimputing) to assess the value
of social capital of companies whose shares aréistetl on the stock exchanges.

REFERENCES

Babock Ch. (2012) Red Hat: First $1 Billion Operu®® Company", InformationWeek,
Retrieved 2012-03-29.



Soft computing for modelling the social ... 231

Corbet J., Kroah-Hartman G., McPherson A. (2012ukiKernel Development: How fast
it is going, who is doing it, what they are doingdawho is sponsoring it, The Linux
Foundation.

Hecker F. (1999) Setting up shop: the businesspehasource software, IEEE Software,
Volume 16, Issue 1, p. 45 — 51.

Lula P., Paliwoda — ¢kosz G., Tadeusiewicz R. (2007) Metody sztucznegligencji
i ich zastosowania w ekonomii i zgdzaniu, Akademicka Ekonomiczna w Krakowie,
Krakow, s. 79 - 86.

Munga N., Fogwill T., Williams Q. (2009) The adapii of open source software in
business models: a Red Hat and IBM case study, AeM York, NY, USA, pp.112-
121.

Raymond E. (1999) The cathedral and the bazaaringgi®n Linux and Open Source by
an accidental revolutionary, 1999.

Red Hat Corporation (2013) available at http:/ingesredhat.com 2013, accessed May
2013

Red Hat Corporation (2013) Annual Report 2005 - 220lavailable at
http://investors.redhat.com/annuals.cfm; accessdauary 2013

Reuters.com (2013) available at
http://t.reuters.com/finance/stocks/companylnfosgimRHT, accessed May 2013

Rutkowska D., Piliski M., Rutkowski L. (1997) Sztuczne sieci neuroeQvalgorytmy
genetyczne i systemy rozmyte, Wydawnictwo NaukoWe\p Warszawa, pp. 34.

Siderska J. (2013) Possibilities of using artificreeural networks to model the value

of social capital in IT companies, Economicsl aManagement Volume 5 Issue 1,
pp. 84-100.

Silvester P.P. (1991) System operacyjny Unix, Wydiatwo Naukowo — Techniczne
Warszawa, p. 15.

Stallman R. (1985) GNU Manifesto, Dr. Dobb's JoufmddJ).

Tadeusiewicz R. (1993) Sieci neuronowe, Akademioiki@yna Wydawnicza, Warszawa,
pp. 8-12.

Walukiewicz S. (2006) Systems analysis of socigliteh at the firm level Working Paper
WP-1-2006, System Research Institute of the Pélcsidemy of Science, Warsaw.

Xu B., Jones D. R. (2010) Volunteers’' Participatiom Open Source Software
Development: A Study from the Social — Relationatdpective, The DATA BASE for
Advances in Information Systems, Volume 41, Nun®grp. 69-84.

Young R., Goldman R. W. (1999) Under the Radar: Htad Hat Changed the Software
Business--and Took Microsoft by Surprise, CoridBsoup, LA Vergne, Tennessee,

U.S.A.
%. UNIA EUROPEJSKA A
EUROPEJSKI * *
l:(AfITA“}UDZrKNI Podlaskie FUNDUSZ SPOLECZNY o



