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Abstract. The authors have formed the space market structure which is distinguished by the junctional formation of the summed demand
for a product or service between the participants at the same stage, which serves as a basis for the formation of demand at the next stages.
The peculiarities of participants’ interaction on the space services market are associated with incomplete awareness. It is advisable to use
the methodological approach considered in the theory of contracts in the case of asymmetric information to develop models of interaction
between market participants. Thus, based on the theory of contracts and taking into account the specifics of interaction in this article the
authors have described the models for the generation of an optimal contract for the manufacturer of space vehicles and space services
providers. The models are presented for the cases with symmetric and asymmetric information. As a result of solution of the task for the
generation of an optimal contract, such parameters of the contract as satellite performance, the price of its information throughput unit, as
well as the cumulative indicator of its technical and operational characteristics can be found in the course of interaction between these
participants of the space market. The determined parameters of the contract allow maximizing the profit of the manufacturer of space
vehicles.
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1. Introduction
The volume of the world space market has increased almost 3 times for the last decade (Bocindzer 2017). A

progressively large income share falls on commercial sector of the space market, in particular, on the space
services segment. New market branches emerge which can open new opportunities for the economies of different
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countries. In addition, space services and goods become more affordable to the consumers, the growing
competition between the participants of the space market forces them to develop new technological solutions to
improve the quality of goods and services, as well as reduction in their value. The obvious trend of
commercialization of the space market leads to the need of formulation of the models of interaction between the
economic operators in each segment of this market. The space market is very specific; one of its features is the
closed nature of information about its participants and the interaction between them in the context of an individual
contractual relationship. This is precisely why the development of the models of interaction between the
participants of the space market is expedient based on the contract theory.

The segmentation principle of the world space market is based on the data which was published in the reports of
Satellite Industry Association (e.g. SIA, 2017). The models for the generation of an optimal contract between the
manufacturer of space vehicles and the space services providers are based on the models of adverse selection of
the two types of operators in the context of the contract theory (Borch 1962; Balbas et al. 2013, 2014; Bossaerts et
al. 2010; Ardalan et al. 2017)

A model for the case of availability of asymmetric information involves finding the optimal contract by imposing
the incentive restrictions, described in the works (Nash 1950; Kurz, Hart 1982). Utility functions for the satellite
service providers are selected in such a way that Spence-Mirrlees condition (strict single crossing condition) was
met for them (Araujo, Moreira 2010).

2. Main part

Space industry market can be classified into the following segments in terms of goods and services:
manufacturing of space vehicles, manufacturing and operation of ground equipment, provision of launch services
and manufacturing of launch vehicles, as well as provision of satellite services. Contractual relationship emerge
both inside of each segment of the space market and between the segments.

Figure 1 presents the space market structure.

e ———
—_— —_—

-~ ~ -
o = Manufacturersof LV, N
Ve launchservices N
/ AN
/ -~ \
[ Placement of PL of a certain $, demand for placement of PL of \
\ weight into the necessary orbit the required weight into orbit |
\ A 4 /
N /
N ~ Manufacturersof SV < 7
P PN
Ve ~ -
Vs =~ — N
/" The number of SV with particular technical | |~ . demand for SV with particular N\
and operational characteristics and functionality and performance
' performance ,
\ A 4
N /
N /
~ 7
~> ol
i — 7
< I, —— N
// Volume of $, summed demand for the volume \
of services

services

——— e —_ -


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2018.5.4(10)

The International Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2018 Volume 5 Number 4 (June)
http://doi.org/10.9770/jesi.2018.5.4(10)

Fig 1. Space market structure.
(PL — payload, LV — launch vehicle, SV — space vehicle)

Source: https://www.roscosmos.ru/media/files/docs/2017/SpAsBus/1_bocindzer.euroconsult.-.roscosmos.1.ru.pdf

On a large scale, the interaction between the participants of the space market analyzed through the prism of
generation of economic contracts between pairs “customer-performer”, can be depicted in the form of three
stages. The first stage describes the interaction between the satellite service providers and the end consumers. It is
at this stage where a demand for a particular volume of services is formed, which subsequently imposes the areas
of work to the following market stages. When an economic contract is generated at this stage, the satellite service
provider provides a certain volume of services of a particular type to the end consumers, setting a price which
depends on several factors (costs, market situation, consumer type, etc.). This range of satellite services, formed
based on the demand of the end consumers, becomes the basis for the determination of the number of space
vehicles required for satisfying the summed demand of the end consumers of space services and their technical
and operational characteristics at the next stage. The second stage describes the interaction between the satellite
service providers and the manufacturers of space vehicles: while some make an order for the performance of a
specific technical task, the others offer to perform it for a certain price. Space vehicles of a certain weight, which
are required to be placed into orbit, will be developed during the placement into orbit at the second stage. Thus,
the need to place the required payload into a particular orbit by means of launch vehicles arises at the third stage,
which is met through the conclusion of a commercial contract for the development of a launch vehicle and its
launch.

Thus, the above scheme is representative of the entire process of functioning of the space market: from the
starting point — the summed demand of the population for space services — to the final point - the launch and
maintenance of an on-orbit space vehicle. In 2017, the volume of commercial sector of the world space market
amounted to 250 billion USD (Figure 2) (Bocindzer 2017).
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Market volume: $2.5 billion
Profitability: <10%

Market volume: $4,9 billion
Profitability: <10%

Market volume: $14 billion
Profitability: 50-80%

Market volume: $228 billion
Profitability: 5-30%

Fig 2. Volumes of the segments of the international space market in 2017
Source: https://www.roscosmos.ru/media/files/docs/2017/SpAsBus/1_bocindzer.euroconsult.-.roscosmos.1.ru.pd

The space services segment is the most significant: its income in 2017 amounted to 91% of the total income of the
world space market. The number of participants of this segment of the space market is the largest at the moment:
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there are about 5000 companies in it. The cost effectiveness according to EBITDA (Earnings before interest,
taxes, depreciation and amortization) in this segment reaches 30%. About 50 companies are engaged in the sector
of manufacturing and operation of ground equipment, about 30 companies are engaged in space industry sector,
and about 10 companies are engaged in the launch services sector (Bocindzer 2017).

Thus, at each stage of the chain of formation of contractual relationship between the participants of the space
market, the subject of the contract can be various parameters of a good or service which the customer (consumer)
intends to receive. For example, at the stages of interaction between a company engaged in manufacturing of
space vehicles and a space services provider the subject of the contract can be a particular number of space
vehicles with functionality required by the provider. In order to generate the contract, the manufacturer of space
vehicles faces the task of maximizing its profits through the identification of the value of satellite for the buyer
(type of the buyer), apart from the task of formation of base cost of a project of development of space vehicle,
because in this case there is an opportunity to increase the price for those types of buyers who are willing to pay
more for the satellite. Thus, there arises a task of simulation of interaction of economic operators of the space
market both in the context of symmetric information, when the type of the buyer is known to the manufacturer of
satellites, and asymmetric information, when such information is not available to the buyer. In order to formulate
such a model, one of the options may include the application of a vehicle of the contract theory, which allows to
take into account the possible availability of information asymmetry in the market and to introduce a mechanism
for identification of the types of space services providers in the model.

Let's consider a block diagram of interaction of participants of one of stages of the chain of formation of
contractual relationship: the companies engaged in manufacturing of space vehicles and space services providers.
In this case, pursuant to the terminology from the contract theory, the manufacturer of space vehicles is a
principal, and the buyers of its products are operators, since the information about providers which is available to
them is not available to the manufacturer: the manufacturers of space vehicles have no clear vision of the true
value of satellites for the providers, or, in other words, of the maximum amount that a provider is willing to pay
for a space vehicle to be purchased. We'll define this parameter as 6, which will denote the type of the customer
that, for example, in the context of the participants of the space market under consideration, can depend on the
kind of further use of the satellite: commercial or non-commercial. Let's consider the simplified situation when
two providers - 61 and 6 - refer to the manufacturer of space vehicles. The higher the ratio, the higher is the type
of provider, which means it is willing to spend the greater amount on the purchase of the satellite. When ordering
a satellite, the provider is interested in X; - it is the satellite performance (the amount of information required for
the provider of i-type to satisfy the demand of the consumers of the space market or for own needs), as well as 7;
— a cumulative indicator of technical and operational characteristics generated by the manufacturer of space
vehicles based on the requirements of the provider of i-type (Boonen 2016). The manufacturer of satellites,
having received the information about the necessary characteristics, calculates the estimated costs for such a
project and then offers the contract to the customer (pi, Xi, i), where p; is the cost of the conditional information
throughput unit for the provider of i-type. The usefulness of the first customer is described by
functionu, (X, 7, T,) = &V, (X, 77,) =T, , where vi(xs, 1) is the estimated monetary value of the satellite buyer with a
performance of x; and a cumulative indicator of technical and operational characteristics 1,

v, (%) =ax’ +bx +mmn’+nmn; Tlis the costs of the first customer for the total information throughput to be
purchased, where T, = p,(L1+77,) %, .

The usefulness of the first customer is described by functionu,(x,,7,,T,) =&V, (X,,7,) —T,, where va(xz, #2) is
the estimated monetary value of the satellite purchase provider with a performance of x. and a cumulative
indicator of technical and operational characteristics 2, V,(X,) = a,%,” +0,%, + M,7,° +N,7, ; T2 is the costs of the
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second customer for the total information throughput to be purchased, whereT, = p,(1+7,)X,. The costs of the
manufacturer of space vehicles for the information throughput unit amount to c.

Let's simulate two cases: in the first case, we will refer to symmetric information, when the type of the satellite
buyer is known to the manufacturer of space vehicles, and, based on this information, he takes a decision on what
satellite performance and its cumulative indicator of technical and operational characteristics it can offer based on
the customer's requests, and how much the information throughput unit of such satellite will cost. Asymmetric
information is considered in the second case, when the manufacturer of space vehicles is not able to differentiate
the satellite buyers and thus is dorced to employ a principle of identification of the type of provider in order to
determine the optimal menu of contracts in the form of (x;*, p,*,7,*) and (x,*, p,*,7,*) for each type of it.

Both satellite service providers solve the task of maximizing their own usefulness for themselves:

v, (x,n)—T, > max,i =12 (Aase 2009). When substituting expressions of the estimated monetary value of the
X0

satellite, purchase provider and its costs for the purchase of a space vehicle, we obtain the following target
function of the first provider: &, (ax” +bx +m® +n7) — p (L+7,)% — max. In order to find the cumulative
X1

indicator of technical and operational characteristics of the satellite and its performance, the provider of the first
type must solve the system of equations - first-order conditions by x: and #1 (Osborne, Rubinstein 1964) (1)-(12):

% =26a,x, +6b —p,(1+7)=0

OX,
2u 1)
—+=20mmn, +6n, - px =0
on,
Let's express #1 from the second equation:
X, —6n
771 — pl 1 171 (2)

20,m,
Further, we insert the expressed #1 into the first equation of the system (1) and determine the optimal performance
indicator of the satellite x,;* for the provider of the first type:
* _ ‘91 (2m1 P. — zelblml — plnl)
X* = 5 ; ®)
4‘91 am —p,
Now the determined optimal satellite performance (3) is inserted into expression (2), and the optimal cumulative
indicator of technical and operational characteristics of the satellite is determined:

2 2
*_ .6 (2m,p, —26,bm — p,n,) - Om, (46, am, — p,’) (@)
291m1 (4H12a1m1 - plz)
A set of equations drawn up for the provider of the second type after differentiation of its target function, is solved
in a similar way 6, (a,X,” +10,X, +m,7,% +Ny7,) — P, (L+177,) %, —> mMax :

1

X242
% =20,a,X, + 0,0, — p,(1+7,)=0
% 5)
Nz _ 20,m,, +6,n, — px, =0
on,

Let's express #, from the second equation of the system (5):
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_ PaX — 1, (6)
20,m,
Further, expression (6) is inserted into the first equation of the system (5) and the optimal performance indicator
of the satellite xo* is determined for the provider of the second type:
— ‘92 (2m2 P, — 2‘92b2m2 — pznz) (7)
4622a2m2 - pz2
In order to determine the cumulative indicator of technical and operational characteristics of the satellite for the
provider of the second type, equation (7) is inserted into (6) and expressed as #,*:
7%= P20, (2m, p, —26,b,m; — pznz)—62n2(4€22a2m2 - pzz)
,*=
20,m, (46’22a2m2 - P22) ®)
The providers' demand for the satellites D; is described by equations where xcmaxis the maximum satellite
performance, for each individual customer:

91(2m1 P, — Zelblml — plnl)

2

X,*

—,0<p <6
D1 = (4912a1m1 - plz)xc ' '
0,p >6 9)
025 20D P <, <,
Dz = (4‘92 a,m, —p, )Xc
0,p,>6,

(10)
The task of the manufacturer of space vehicles consists in maximization of its profit 77; from the order of provider
of each type: 17, = (p, —c(l+,))- D,(p,) — max

Pi

Demand expressions (9) and (10) respectively should be inserted into the target function of the manufacturer of
space vehicles for each type of provider, after which it should be differentiated according to the price. Thus, the
task of the manufacturer of space vehicles for the provider of the first type will be as follows:

2 -2 -
1, = (p, —c(t+ )-SR 2D PIY) gy (11)
(467am —p;°)x, h
For the provider of the second type:
172 — (p2 —c(l+772))~ ‘92 (2m2 52 - 292b2r212 _mpznz) — max (12)
(46,"a,m, — p,")x,"™ P2
The obtained equation has no analytical solution during differentiation. In this case, the known numerical methods
can be used for determination of extremum of functions (Balbas, A., Balbas, B., Balbas, R.). As a result, the
optimal costs of the conditional information throughput unit will be obtained for the providers of the first type and
the second type p.* and p2* respectively.

Thus, the task which was considered in the above statement has the following stages of solution for the case k of
providers:
1. Atask for each provider of i-type is generated:

U =6V, (x,n,)—T, > max,i=1k

X 17;
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ou; _
. . . .. OX: J—
2. A system of equations is solved - first-order conditions by xj and 7. ' =1k
&g
on,
As a result of solution of the system of equations, the optimal cumulative indicators of technical and
operational characteristics of satellite #* and its performance indicator x;* are determined.
3. A demand for satellites of each provider of i-type is formed:
X
Di _ Xcmax !

0,p; >6

0o<p <6 __
Pi "li=1k

4. With due consideration of determined optimal values x* and #* the target function of the
manufacturer of space vehicles is registered: 17, = (p, —c(l+n,))- D,(p;) & max,i =1,k . The optimal
p.

value of price pi* is determined on the basis of extremum condition, namely the maximum target

function of the manufacturer of space vehicles: ?:0. The expressions obtained determine the
P;
values of an individual cost of the conditional information throughput unit pi* for each provider of i-

type.
Thus, the presented algorithm for solving the task of determining the optimal parameters of the contracts between
the providers and the manufacturer of space vehicles makes it possible to generate an individual contract

(x>, p;*, m;*) for each provider of i-type, taking into account the value of the satellite to be purchased.

If the information is asymmetric, the manufacturer of space vehicles can not determine the value of the satellite
for a particular provider. As a result, the problem of adverse selection arises, when providers can hide their
individual value of a space vehicle or adjust it in such a way as to obtain the satellites on more favorable terms
with a higher performance. In such a situation, the task of the manufacturer of space vehicles will be to draw up
such contract that would guarantee the inexpedience of selection of conditions designed for another type of
provider (Asimit et al. 2017).

Thus, similar to symmetric information, the manufacturer of space vehicles offers the contracts of the following
form: (x*, p,*,,*) and (x,*, p,*,77,*) to the customers. The concept of the contract with filtration of providers in
the context of the contract theory involves the use of a principle of identification of their types. This principle
consists in imposing the system of restrictions which forces the provider of a higher type to choose its own menu
of contracts (Quiggin, Chambers 2009).

Thus, the task of the manufacturer of space vehicles will be as follows (13)-(16):
I =r(p,A+m)X,—cl+n)x)+1-7)(p,L+m,)-cl+n,)x,) > max

P12 P2 Xy, Xo 10402

0,(ax’ +bx +mn’ +n,) - p(L+17,) 20 (13)
0,(a,%,” +0,x, +mn? +n,1m,) - p,(L+n,) >0 (14)
6,(ax,” +byx +myp’ +nyp) = py (L4 7,) > 6,(8,%,° +b,%, + Mg +n,1,) = P, (L+17,) (15)
0, (azxz2 +hyx, + mz7722 +n1,) = p,(L+7,) 26, (6\1X12 +bx + m17712 +n) - p(L+m,) (16)
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Inequalities (13)-(14) are participation restriction conditions. Inequality (13) determines the inexpedience of
withdraw from a bargain for the first provider, and (14) — for the second provider. Conditions (15)-(16) —
incentive compatibility restrictions — guarantee that both type of providers will choose the contracts offered by the
manufacturer of space vehicles exactly for their type: the usefulness of own contract is higher than the usefulness
of someone else's contract (Zhou et al. 2015).

Since the estimated monetary value of the satellite purchase provider of the first type is equal to or larger than
zero a,x2 +byx +mn? +nn >0and the provider of the second type is ready to purchase the satellite for a higher
price than the provider of the first type (6, > 6,), then

6, (3,%,° +b,X, +My12 +ny1,) — Py (L+17,) 2 6, (%% +byxg + My’ +nyrp) — py(L+13) =
0,(a,x” +byx, +m? +n,) — p(L+7,) . If the participation restriction condition (13) is met as an equality, than
the cost of the conditional information throughput unit can be increased in such a way that participation
restrictions will be met at the same time, and the manufacturer of space vehicles will fatten its profits. Thus,
condition (13) is met as an equality in the optimum. Similarly, incentive compatibility condition (15) turns into
equality. Thus, since conditions (13) and (16) of the condition are effective, other conditions can be neglected
(Aase, 2009) (17)-(18):

17=”(P1(1+’71)X1—C(1+’71)X1)+(1—7T)(Pz(1+flz)—C(1+772)x2) —  max

P1s P2, %1, X0, 10072
{«91(a1xf 0+ ] +myg) - py(L+77) 20 (17)
0, (azxz2 +hyX, + nz’722 +myn,) = p,(L+17,) 26, (aix12 +hx + nl7712 +m) - py(L+m) (18)

Based on conditions (17)-(18), we shall express the costs of the information throughput unit of a space vehicle for
both types of the satellite buyers:

2 2
p*= 6 (ax” +bx +mag +np) (19)
A+m)%
2 2
0, (a-zxz2 +b,x, + mz7722 +N,77,) = 6, (a‘lxlz +hx + m17712 +ngp)+ O (ax + tilxi + My, +yp)
pz*: ( +771)X1 (20)

A +7,)%,
Further, the found expressions for the optimum price for a standard configuration of the satellite (19)-(20) are
inserted into the target function of the manufacturer of space vehicles:

17 = o(B@X+ 0% + Ny + ) )+ (1 ) (P2 BXe H 0o + Myl + i) = 6, @7+ + My 1)

=r —c(l+n,
@+m)% ' L+1,)%,
& (5‘1)(12 +hyx + m17712 +M7y)
d+m)x

—c(l+n,)%x)—> max
(L+772)%, )= el 1)%) Py Py X X T

Then a system of equations is solved - first-order conditions by xi*, xo*, n1*, 12*:
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o _
0%,
ar_y
0X,
a_y
on,
ot _y
o,

This system of equations excludes analytical solution. Similar to symmetric information, the known numerical
methods of solution can be used. As a result of solution, the optimal performance indicator of the satellite x,* and
x2* as well as the cumulative indicator of its technical and operational characteristics 71* and #.* will be obtained
for both types of providers in the context of asymmetric information.

Thus, the task of finding the optimal contracts for the two providers in the context of information asymmetry,
considered in the above statement, has the following stages of solution for the case k of providers:

1. The task of the manufacturer of space vehicles is formed, which consists in selection of menu of
contracts (x.*, p,*,7,*),i =1,k , which maximizes its profit function:

k
1= Zizlﬁi (Ti—c@+m)x)
2. The restrictions of individual rationality for all i providers and incentive compatibility restrictions for
all i, j providers are set:
oV, (x,7;)-T; 20
oV, (X,m,)-T, = 6)iVj (Xj ’771') _Tj
The restrictions of individual rationality guarantee participation of providers in the contract process,
while the incentive compatibility restrictions guarantee refusal of the provider of type i from
pretending to be the provider of type j.

If there is a strict single crossing condition (Spence-Mirrlees condition), the solution consists in setting the
restriction of individual rationality as an equality for the lowest type of provider in the same manner as the
incentive compatibility restriction for pairs i and i-1 (Araujo, Moreira 2010). As a result, all providers, except the
provider of the highest type, will receive less satellites than in the public optimum, and only the high-type
provider will receive the effective number of satellites with such technical and operational characteristics which
are the most relevant for it. If the strict single crossing condition is not met, the solution of the task will be very
complicated due to the need of search through a great number of cases.

Conclusions

Thus, the authors have developed a scheme of the space market structure. This scheme implies that the
determined parameters of the contract between the participants of the same stage in the course of formulation of
interaction models can be used at the next stage, transforming into new parameters. For one of the described
stages at which the generation of contract between the space services provider and the manufacturer of space
vehicles is considered, a task of finding the optimal contract parameters in the context of symmetric and
asymmetric information was simulated. The found parameters allow maximizing the profit of the manufacturer
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of space vehicles through identification of the type of providers that want to purchase the satellites. As a result, a
contract will be offered to each type of space services provider, including the individual price of the information
throughput unit of the satellite, performance, as well as its cumulative indicator of technical and operational
characteristics.
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