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Abstract Keywords

The paper studies the models for building technology  IP management system, result
programmes in educational, research and industrial of intellectual activity, technology
organisations. The author highlights several groups of development programme, technology
research results that drive the R&D capabilities of the commercialisation

Russian research and industrial sectors. The paper also

reviews algorithms for developing technology pro-

grammes based on the results of intellectual activity

owned by the organisation for which the programme is

being developed, and explores the ways to cut down Received 09.09.2016

R&D costs and costs of building an IP management © Bauman Moscow State Technical
system within the organisation University, 2016

Only 2 % of protectable Results of Intellectual Activity (RIA) are currently traded in
the Russian market. The percentage of knowledge-intensive products in Russian ex-
ports slightly exceeds 5 %, while imports of intellectual property are 11 times as high
as exports [1]. Russia is among top five countries by the number of intellectual proper-
ty products registered by RIA per year, but lags way behind other countries in the
rating of high-tech exports.

The engineering research potential of the research and industrial sectors unlocked
through a robust IP management system is an integral parameter of a country that deter-
mines its present and future place in the global economy [2], while engineering infrastruc-
ture is a predominant driving force behind Russia’s technological advances [3].

For educational, scientific and industrial organisations to develop and efficiently
generate new technologies, it is pivotal to adopt and put in place an intellectual pro-
perty management system [4] that would, on the organisation level, help to build an
efficient framework for using and commercialising research results.

However, it would be premature, and even impossible, to discuss implementation
of an IP management system with there being no relevant and scientifically proven
technology development programmes.

We would highlight three groups of research results that drive the engineering re-
search potential of the Russian scientific and industrial sectors so as to identify the
best models for building technology development programmes.

The first group covers the theoretical framework for engineering research repre-
sented by Results of Scientific and Technical Activity (RSTA) such as new concepts,
principles, solutions, etc.
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The second group includes the results of research and development represented
by intellectual property (RIA) listed in the Russian Civil Code.

The third group comprises standalone technologies consisting of results of intel-
lectual activity.

We would note that each RSTA can be used in various research and development

projects to produce new RIAs. In its turn, each RIA can be used to generate new tech-
nologies.
RSTA Similarly, several RSTAs can be required
to create an RIA, and several RIAs are neces-
sary to create a technology. Figure 1 shows a
flow chart for new technology creation.

Each circle in Figure 1 corresponds to a
research result. Circle (i, j) corresponds to the
j™ research result of the i layer. Circles (1, j)
and (2, k) are linked by arc [(1, j), (2, k)]
if the j layer RSTA is used to develop the
second layer k. Circles (2,j) and (3, k) are
linked by arc [(2, j), (3, k)] if RIA j is used to
create technology k.

Each research result (RSTA, RIA, technology) features four parameters:

— cost of creation (c;);

— time of creation (t;);

— risk of creation (py);

— research level (w;).

Let’s break down all types of technologies into r groups (areas). Q; will mean a set
of technologies of the j™ area.

The following value

Fig. 1. Flow chart for new technology
creation

Wi= 2 wy
jeQi
determines the research level (RL) of the i technology area. We would then introduce
a qualitative three-point RL scoring scale. To do this, we need to determine threshold
levels Ay, k=12 If W,=) wij, then the RL is below the global level; if
JjeQi

A £W; <A;, then the RL is at par with the global level. Finally, if A;; <W,, then
the RL is above the global level.

Let g; be the qualitative score of the RL for the i technology area. To assess the
RL of the technology area in general, we will introduce a comprehensive RL scoring
system [5]. The system is a pair-wise aggregation of area scores based on matrix con-
volutions. Figure 2 provides an example of comprehensive scoring for four areas.

The comprehensive scoring system reflects the strategic priorities in technological
development [6]. For instance, the lower left matrix (Fig. 2) implies that direction 1
has a certain development priority over direction 2. Indeed, if we assess directions
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(2; 1), the total score will be 2, and if we do a reverse assessment (1; 2), it will be equal
to 1. Likewise, for directions (3; 2) the total score will be 3, and for directions (2; 3), it
is 2. For the lower right matrix direction 4 has the priority, and for the upper one,
both combined directions I and II have the same priority (a symmetric matrix).
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Fig. 2. Example of comprehensive scoring for four areas

We also need to note that the number of levels in the scoring scale can be in-
creased. This does not affect targets to be set in building a technological development
programme and the ways to achieve them. The comprehensive score of the technolo-
gy’s RL is the principal criterion when developing such programmes.

Content-wise, what we need to do is to develop a technological development pro-
gramme that would deliver the required RL, i. e. the required comprehensive score at
minimum costs over a given period of time subject to risks.

As noted by some authors, there have been some cases in Russian research prac-
tice and industrial organisations when research programmes were built within an IP
management system based on existing RIA owned by such organisations [7,8].

In such case, we would only examine the third level in the structure shown in
Fig. 1. We will not specify the level index further on. Let’s have a look at the problem
without taking risks into account. We have n; projects that can be included in the
technological development programme, and j=1,m, where m is the number of areas.

We will first consider the programme’s scope and decide how to determine it, i. e.
which current projects are eligible to be included in the programme. As noted above,
each project i has implementation costs ¢; and research level w;. Let x;; = 1, if project i
from area j is included in the programme; otherwise, x;=0. With given

xij, 1 € Qj, j=1,m, we can determine the increase in the RL of each area A; = injwij
i

and, accordingly, the change in the score for each area, and, consequently, the change
in the comprehensive score.

Then we need to determine {xij}, i€eqQj, j= I,_m, that would deliver the required

comprehensive score at minimum costs.
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The algorithm for solving this task comprises two stages. First, we need to deter-
mine minimum costs s; required to achieve scores j = 1, 2, 3 for each area i. If the exis-
ting score is equal to 1, then s;; represents the cost of maintaining the existing RL for
this area (below we will assume that these costs are known).

Second, the resulting score s;, j=1,3, i=1,_m, is used to achieve the required
comprehensive score at minimum costs. Let us discuss the algorithms to solve these
problems.

Stage I. At the first stage, solve m problems (for each area). Describe the relevant
problem, omitting the area index. Assume without loss of generality that the existing
RL score is 1 (below the global level).

Determine the increase in the RL required to achieve scores 2 and 3. If the existing
level is equal to W° < Ay, then the required increases are:

Al ZAI—WO;
Ay =A, -WO,

Let x; = 1 if project I is included in the technological development programme for
the area in question; otherwise, x; = 0. Let us examine the following problem:
> xi¢c; — min (1)
i

with the following limitation

zx,'W,‘ > Az. (2)

This is a classic knapsack problem that has efficient solutions for integer-valued
parameters (e. g. dichotomic programming [9]).

Note that the solution to problem (1), (2) with the right-hand side equal to A,
also provides for optimal solutions at smaller values of the right-hand side, specifically
at A,. Therefore, by solving the problem, we will get minimum costs s, and s; (as no-
ted above, costs s; are assumed to be known).

Examine the following example. There are five projects nominated to be included
in the technological development programme. Their data are given below:

A 2 3 4 5
Sivereens 3 4 5 4 6
Wiernn 6 5 7 8

Let A; = 30, A, = 40, and W? = 15. Therefore, A; =15, A, =25. Problem

3x1 + 4x2 + 5X5 + 4x4 + 6X5s — min
with the following limitation

7x1 + 6X2 + 5x;3 + 6.X'4 + 8x5 > 25.
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Take the structure of dichotomic representation of the problem in the form
shown in Fig. 3.

Fig. 3. Structure of dichotomic
representation of the problem

Step 1. Take projects 1 and 2. The solution is given in the Table 1 below.
Table 1

1 | (46) | (7513)
0 0 (3;7)
2/1 0 1
The first number in the boxes represents costs, and the second, the RL. Exclude
option (4; 6), as it is dominated by option (3; 7) by providing a larger RL at lower
costs. The results (combined project I) are summarised below:

Option ....... 01 2
Costs ......... 0o 3 7
RL....ccovtnis 0 7 13

Step 2. Take projects 3 and 4. The solution is given in the Table 2 below.

Table 2
The solution

1 47) | (912)
0 0 (5;5)
4/3 0 1

Exclude option (5; 5) as it is dominated by option (4; 7). The results (combined
project II) are summarised below:

Option 0 1 2
Costs .......... 0 4 9
RL............. 0 7 12

Step 3. Take combined project II and project 5. The solution is given in the Table 3
below.

Table 3
The solution
1 (6;8) (105 15) | (15;20)
0 0 (4;7) (9; 12)
5/ 11 0 1 2
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The results (combined project III) are summarised below:

Option ....... 0 1 2 3 4 5
Costs ......... 0 4 6 9 10 15
RL....cooenenn, 0 7 8 12 15 20

Step 4. Take combined projects I and III. The solution is given in the Table 4.

Table 4
The solution
2 (7;13) | (11;20) | (13;21) | (16525) - -
1 (3;7) (7;14) | (9;15) | (12;19) | (13;22) | (18;27)
0 0 (4;7) (6; 8) (9;12) | (10;15) | (15;20)
1/1II 0 1 2 3 4 5

In the Table 4, find a box with the lowest first number out of the boxes where the
second number is higher than, or equal to, A, =25. It is box (16; 25) with costs equal
to 16; accordingly, s; = 16.

To determine s,, find a box with the lowest first number out of the boxes where
the second number is higher than, or equal to, A; =15. It is box (9; 15) with costs
equalto s, =9.

Find the solutions, i.e. the eligible projects, using the backward algorithm [10].
Box (16; 25) corresponds to option 2 in the combined project I Table 4, i. e. inclusion
of projects 1 and 2 into the programme, and option 3 of the combined project III
table 4. Option 3 of the combined project III Table 4 corresponds to option 2 of the
combined project II Table 3, i.e. inclusion of projects 3 and 4 into the programme.
Therefore, to achieve score 3, we need to include projects 1, 2, 3 and 4 in the pro-
gramme.

Do the same to determine the eligible projects to get score 2. Box (9; 15) cor-
responds to option 1 of the combined project I table 4, i. e. inclusion of project 1 into
the programme, and option 2 of the combined project III Table 4, i. e. inclusion of
project 5 into the programme.

Stage II. By solving m problems of Stage I, we got a table of minimum costs (s;)
required to achieve (maintain) comprehensive scores 1, 2 and 3 (Table 5). Since po-
tential approaches to solving Stage II problems are mentioned in [11], we would only
discuss one of the options through the example of a comprehensive scoring system
from Fig. 2.

Table 5
A table of minimum costs s;

i
2 3
1 5 4 7 3
16 10 13 9
3 25 20 21 18
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Step 1. Take the lower left matrix. Add the second number to matrix boxes:
costs si; and s,; (Table 6).

Table 6
The lower left matrix

(3;20) | (2525) | (2;36) | (3;45)
(2;10) | (1;15) | (2;26) | (3;35)
(1;4) (1,9 (2;20) | (2529)
2/1 (1;5) (2;16) | (3;25)

The principal rule of optimisation: choose the box with the lowest second number
out of all boxes with the same first number. The result is: s = 9; si = 20; sz = 35.
Step 2. Take the lower right matrix (Table 7).

Table 7
The lower right matrix

(3;18) | (2;25) | (331) | (3;39)
(2,9) | (2516) | (2;22) | (2;30)
(1;3) | (10) | (1;16) | (2;24)

4/3 (1;7) (2;13) | (3;21)

The result is: si; = 10; si, = 16; s13 = 31.
Step 3. Take the upper matrix (Table 8). The result is: s; = 19; 5, = 36; 53 = 66.

Table 8
The upper matrix

(3;35) | (2;45) | (2;51) | (3;66)
(2;20) | (1;30) | (2;36) | (2;51)
(1;9) | (1;19) | (1;25) | (2;40)
II/1 | (1;10) | (2;16) | (3;31)

Note that to get comprehensive score 2, we need 36 units of costs. The relevant
option of the programme, i. e. the required RL scores for each area are also deter-
mined using the backward algorithm. The optimal option corresponds to box (2; 36)
of Step 3, i. e. box (2; 16) of Step 2 and box (2; 20) of Step 1. In their turn, these boxes
correspond to score 2 for the first area, 1 for the second area, 1 for the third area, and
2 for the fourth area.

Thus, in this case the optimal strategy is to upgrade areas 1 and 4 to the global
level. To get comprehensive score 3 we need 66 units, which corresponds to score 2
for the first area, score 3 for the second area, score 2 for the third area, and score 3 for
the fourth area.

Conclusion. The conclusion that we can draw here is that by modelling its tech-
nology development programmes an organisation is able to drastically cut down its
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costs of planning R&D, defining the terms of reference for future RIAs, and rolling
out new technologies. This exercise is equally important for efficient operation
of an IP management system as organisations can integrate these models into their
decision-making processes in managing their intellectual property.
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