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A Priority Analysis Algorithm
for Technology Innovation Risks
of Research Solutions for Complex Project

Ning-sheng Guo and Xiansheng Qin

Abstract For complex project, there are many risks about technology innovation
according to multifarious research solutions. It is very difficult to analyze the
magnitude of these risks of research solutions. This paper purposed a priority
analysis algorithm for technology innovation risks (TIR) of research solutions for
complex project based on multi-objective and colony-deciding method to choose
the research solution by the constraints of multifarious risks. The multi-objective
and colony-deciding method is applied to analyze project complexity, technology
difficulty, technique capability and so on to obtain multi-TIRs sequence, and the
research solution of minimal TIR is optimum. The algorithm is successful to
analysis an example which performed quiet well.

Keywords Technology innovation risk (TIR) � Research solution � Priority
analysis � Multi-objects � Colony-deciding

3.1 Introduction

For complex project, there are many risks about technology innovation according
to multifarious research solutions. It is very difficult to analyze the magnitude of
these risks of research solutions. There are two type of risk management: risk
analysis and risk quantification. For risk analysis, there are risk analysis based on
the triangular fuzzy number and Analytic Hierarchy Process (Zou et al. 2012;
Chen et al. 2012), and expert evaluation (Yang et al. 2011; Fallet et al. 2011; Hall
2011). This paper will analysis the multi-objects constrains as project complexity,
technology difficulty, technique capability and so on, apply the colony-deciding
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method (Zhang 2008; Quan-lin and Hong 2003) to solve the sequence of TIRs of
research solutions, to gain the research solution whose TIR is minimal.

3.2 TIRs’ Priority of Research Solutions
for Complex Project

The TIRs’ priority of multifarious research solutions for complex project based on
colony-deciding method was analyzed by l l� 3ð Þ experts made up of project
managers, research experts, experiment experts, and so on. Under the restrictions
of project complexity, technology difficulty and technique capability, the experts
define the TIRs’ Priority relationship between two research solutions, and perform
the deciding process of non-negative priority degree b b� 0ð Þ with the coefficient

w ¼ w1;w2; . . .wn�1ð ÞT which means:

Ik ¼ k tð Þ; k0 tð Þð Þj jTirkðtkÞ � Tirk0ðtkÞ; t ¼ 1; 2; . . .; tk

� �
:

Tirk is the kth research solution.
Suppose the number of research solutions for a complex project is n, and the

research solutions can be performed as Tir1; Tir2; . . .; Tirn; the number of constrain
objects is supposed to be m, and the constrain objects can be performed as
P1;P2; . . .;Pm; (There constrain objects are project complexity, technology diffi-
culty, technique capability, and so on); the number of experts coming from project
manager, research and experiment who take part in the decision supposed to be l.

Each TIR according to constrain objects can be performed as matrix T, which
means:

T ¼

t11 t12 . . . t1m

t21 t22 . . . t2m

. . . . . . . . . . . .
tn;1 tn;2 . . . tn;m

2

664

3

775:

tij stands for the constrain objects Pj of Tiri; and 0� tij� 1; i ¼ 1; 2; . . .; n;
j ¼ 1; 2; . . .;m:

Purpose that W � En
þ represents the closed convex cone, W represents the

important degree of each constrain object. Each expert comes to agree a preference
among the attributes. Such as: W ¼ w � En

þjw1�w2� � � � �wn� 0
� �

; where

w ¼ w1;w2; . . .;wnð ÞT :
If 9b 2 E1; and

w1;w2; . . .;wnð ÞT2 W \ wjeT w ¼ 1;w� 0
� �

:
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which made
Pn

i¼1
wkaik�

Pn

i¼1
wkajk þ b; and Tiri was priority of Tirj as DIO b; which

means Tiri � Tirj; ar
s ¼ ar1 � as1; ar2 � as2; . . .; arn � asnð Þ: Where 1� i; j� n;

i 6¼ j; e ¼ 1; 1; . . .; 1ð ÞT2 En; and r; sð Þ 2 [
l

k¼1
Ik:

We purpose �b� 0;
�w ¼ �w1; �w2; . . .; �wn�1ð ÞT2 W ; eT �w ¼ 1; �w� 0

which made as
r �w� �b; r; sð Þ 2 [

l

k¼1
Ik: �w is accordant and �b is the accordant

exponent in the TIR.

3.3 Priority Analysis Algorithm of TIRs Based on Multi-
Objective and Colony-Deciding Method

The priority analysis algorithm for TIRs based on multi-objective and colony-deciding
method can be described as:

(1) The priority relationship of TIRs of the research solution from l experts
coming from project manager, research and experiment can be described as:

Tirk 1ð Þ � Tirk0 1ð Þ; Tirk 2ð Þ � Tirk0 2ð Þ; . . .;Tirk tkð Þ � Tirk0 tkð Þ; k ¼ 1; 2; . . .; l

Where:

k tð Þ; k0 tð Þ 2 1; 2; . . .; nf g; k tð Þ 6¼ k0 tð Þ; t ¼ 1; 2; . . .; tk; tk � 1

Marked as:

Ik ¼ k tð Þ; k0 tð Þð Þj jTirkðtkÞ � Tirk0ðtkÞ; t ¼ 1; 2; . . .; tk
� �

ar
s ¼ ar1 � as1; ar2 � as2; . . .; arn � asnð Þ

Where r; sð Þ 2 [
l

k¼1
Ik:

(2) for the instants:

Pð Þ
max b;
as

rw� b; r; sð Þ 2 Ik;
eT w ¼ 1;w� 0;w 2 W :

8
<

:

Purposed the optimal solution is ŵ; b̂
� �

; if b̂� 0; then priority relationship

made by the experts coming from project manager, research and experiment is
harmonious.

Tirr � Tirs; r; sð Þ 2 [
l

k¼1
Ik

And ŵ is the accordant; if b̂\0; go to(3).
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(3) marked Ik ¼ r; sð Þjar
sŵ ¼ b̂; r; sð Þ 2 Ik

n o
; k ¼ 1; 2; . . .; l;8 r0; s0ð Þ 2 [

l

k¼1
Îk; to

solve:

Pr0
s0

� � max ar0
s0 ŵ;

as
rw� b̂; r; sð Þ 2 Îk;

eT w ¼ 1;w� 0;w 2 W :

8
><

>:

Purpose the optimal solution of Pr0
s0

� �
is: ŵ; r0; s0ð Þ 2 [

l

k¼1
Îk:

Marked as

^̂Ik ¼ r0; s0ð Þjar0
s0w

r0
s0 ¼ b̂; r0; s0ð Þ 2 Îk

n o
; k ¼ 1; 2; . . .; l

(4) The experts can modify the priority relationship between the research
solutions, according to two instances. (1) giving up the priority relationship
Tirr0 � Tirs0 ; (2) upending the relationship, which means transforming Tirr0 �
Tirs0 to Tirs0 � Tirr0 :

(5) If the first instance is chosen, all experts decide to give up the priority
relationship Tirr0 � Tirs0 : Then it was equal to solve �w; �b

� �
as:

P̂1

� �
max b;

as
rw� b; r; sð Þ 2 [

l

k¼1
Ikn [

l

k¼1

^̂Ik;

eT w ¼ 1;w� 0;w 2 W :

8
>><

>>:

Otherwise if the second instance is chosen, all experts decide to upend the
relationship and to transform Tirr0 � Tirs0 to Tirs0 � Tirr0 : Then it was equal to
solve �w; �b

� �
as:

P̂2
� �

max b;

as
rw� b; r; sð Þ 2 [

l

k¼1
Ikn [

l

k¼1

^̂Ik;

as
rw� b; r; sð Þ 2 [

l

k¼1

^̂Ik;

eT w ¼ 1;w� 0;w 2 W :

8
>>>>>><

>>>>>>:

(6) If �b� 0; then �w was the accordant made by l experts coming from project
manager, research and experiment; otherwise if �b\0; repeat(3), until �b� 0:
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3.4 Instance Analysis

We select a project from the National High-Tech R&D Program. There are four
research solutions of this project. And the four solutions have their own TIRs:
Tir1; Tir2; Tir3; Tir4: For the multi-objects constrains from project complexity,
technology difficulty and technique capability, four experts coming from project
manager, research and experiment must decide which research solution be
selected. And W � E4

þ: The four experts give the initial relationship between two
TIRs as follows:

Expert1 : Tir1 � Tir2; I11 ¼ 1; 2ð Þf g; Tir4 � Tir3; I12 ¼ 4; 3ð Þf g;
Expert2 : Tir1 � Tir2; I21 ¼ 1; 2ð Þf g; Tir1 � Tir3; I22 ¼ 1; 3ð Þf g;
Expert3 : Tir2 � Tir3; I31 ¼ 2; 3ð Þf g; Tir4 � Tir1; I32 ¼ 4; 1ð Þf g;
Expert4 : Tir4 � Tir2; I41 ¼ 4; 2ð Þf g; Tir1 � Tir2; I42 ¼ 1; 2ð Þf g;

8
>><

>>:

And they give decision-coefficients about project complexity, technology
difficulty and technique capability as follows:

T ¼

0:6 0:2 0:2
0:6 0:1 0:3
0:5 0:3 0:2
0:5 0:2 0:3

2

664

3

775

After deleting the same initial relationships, we can get the coefficients about
initial relationship.

a1
2 ¼ a11 � a21; a12 � a22; a13 � a23ð Þ ¼ 0; 0:1;�0:1ð Þ;

a4
3 ¼ a41 � a31; a42 � a32; a43 � a33ð Þ ¼ 0;�0:1; 0:1ð Þ;

a1
3 ¼ a11 � a31; a12 � a32; a13 � a33ð Þ ¼ 0:1;�0:1; 0ð Þ;

a2
3 ¼ a21 � a31; a22 � a32; a23 � a33ð Þ ¼ 0:1;�0:2; 0:1ð Þ;

a4
1 ¼ a41 � a11; a42 � a12; a43 � a13ð Þ ¼ �0:1; 0; 0:1ð Þ;

a4
2 ¼ a41 � a21; a42 � a22; a43 � a23ð Þ ¼ �0:1; 0:1; 0ð Þ:

8
>>>>>><

>>>>>>:

For Problem (P):

Pð Þ

maxb;
0:1w2 � 0:1w3� b;
�0:1w2 þ 0:1w3� b;
0:1w1 � 0:1w2� b;
0:1w1 � 0:2w2 þ 0:1w3� b;
�0:1w1 þ 0:1w3� b;
�0:1w1 þ 0:1w2� b;
w1 þ w2 þ w3 ¼ 1;
w1� 0; w2� 0; w3� 0:

8
>>>>>>>>>>>><

>>>>>>>>>>>>:
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Obtain the optimal values of b;w1;w2;w3 as follows:

b̂ ¼ 0; ŵ1 ¼ ŵ2 ¼ ŵ3 ¼
1
3

When b̂� 0; the problem (P) is harmonious. Here w ¼ w1;w2;w3ð ÞT¼ 1
3;

1
3;

1
3

� �T
:

Tir4 � Tir1 � Tir2 � Tir3

We can obtain the sequence of priority relationship as Tir4; Tir1; Tir2; Tir3 of
four research solutions. So we think TIR of the third research solution is minimal
for this project from the National High-Tech R&D Program.

3.5 Conclusion

This paper presented a priority analysis algorithm for TIRs of research solutions
for complex project based on colony-deciding method for multi-objects. We
accomplished to decide how to select the minimal TIR of research solution from
many research solutions by multi-objects and multi-experts.
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