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ABSTRACT

The resource-allocation principle, which combines policy
and budget, is the basic criterion for public-policy planning of
agovernment in the present era. It can make the policy target,
construction project, and budget work together closely. The
transportation construction project has a certain degree of
relativity under atarget; so when selecting projects, adivision
of levels should be carried out according to the priority of
project desirability [19]. Furthermore, the relativity of poten-
tial cooperation-competition between projects must be identi-
fied to avoid any waste of limited resources. Thisisthe focus
point that will be discussed in this paper. Lastly, this research
classified the cooperation-competition relation of a construc-
tion project into independent project, complementary project,
overlapping project, and common complementary overlapping
project. This research made a subjective judgment based on
relevant domain experts professional accomplishments, and
then identified the experts’ consensus.

I.INTRODUCTION

Investment planning problems in the public sector are
characterized by being multi-stage, multi-objective, multi-
decision-maker, and uncertain. As for resource-allocation
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problems of transportation construction, not all transportation
systems have fixed proportions, and the priority should be
given to transportation systems that have high system effi-
ciency and a high degree of policy target accomplishment.
Regarding public construction projects, besides being classi-
fied as special budget projects, general investment programs
can be classified into several annual executive plans. The
available stock size can be inferred definitely in the first year,
whilein the second year, the effect of uncertain factors startsto
increase. Aseconomic growth may decline, remain the same,
or increase, different states can occur in resource supply, sothe
selected advantageous projects would also be different. The
transportation construction project has a certain degree of
relativity under atarget; so when selecting projects, adivision
of levels should be carried out according to the priority of
project desirability [19]. In addition, the relativity of potential
cooperation-competition between projects must be identified
to avoid the waste of limited investment resources. Thisisthe
point that will be discussed in this paper.

I[I.LITERATURE REVIEW

In public-sector investment planning, many countries and
regions, including Taiwan, still take CBA (cost-benefit analy-
sis) asthe main evaluation tool to seek the optimum of asingle
objective, such as“maximum social net benefit” or “minimum
socia cost.” However, the primary problem of CBA iswhether
the method of converting to a monetary value is appropriate;
in other words, the CBA assumes all the data used in analyses
can be defined and scaled accurately; CBA does not alow
dynamic uncertainties, such as the inflation rate, unstable
fuel prices, and changes in wages. Secondly, CBA does not
evaluate the range of financial risk or possible net benefit [15].
In addition, the means of selecting the appropriate rate of
discount to infer the net present value has been disputed by
economists [1, 6, 9, 12]. In this complicated social structure,
the future is full of many uncertainties and risks, and it is very
difficult to measure unquantifiable or invisible targets. Voogd
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[21] took the Netherlands as an example. At the end of the
1970s, the evauations of the Dutch government of many
policies had shifted from CBA to a multi-criteria evaluation
method; the policy evaluations included a Waste Disposa
Program, a Leisure and Recreation Plan, a Regional Con-
struction Project, a Trafficking Project, and a Water Resource
Management Plan. Even the annual road investment plan was
selected through the multi-criteria evaluation method.

Formerly, in the multi-objective public-investment program
selection, the analysis of the applied mathematics optimum
could be classified into Multi-Attribute Utility Theory (MAUT)
and Multi-Objective Mathematical Programming (MOMP).
The MAUT method constructs the single-attribute utility func-
tion through the probability measuring method by evaluating
the attribute and then constructs the multi-attribute utility
function through the utility-decomposition method, such as
the additive and multiplicative multi-attribute utility function
[10], for example, Morisugi et al. [14], and Pearman et al. [16]
for road-investment programs. The MOMP method constructs
the objective function (linear or nonlinear) to be achieved
according to the selected decision variables (which may be a
real number, an integer, a mixed integer, or the integers 0-1),
and then abtains the required solution (non-inferior solution,
preference solution, approximate solution, or optimal solution)
through the mathematical solution method (e.g., vector-maxi-
mization method, interaction or conversation method, heuristic
solution, linear programming method and non-linear program-
ming [4, 8, 22]. For example, Leinbach and Cromley [13]
applied the weighting preemptive goal programming to the
selection of road-investment plansfor 75 regionsin Indonesia.
Khorramshaphsol and Steiner [11] proposed the Delphi goal
programming, and carried out the selection of suburban road-
investment plans. Tzeng et al. [20] and Teng et al., [18] used a
multiobjective programming approach for transportation in-
vestment alternatives selection. Whether applying MAUT or
MOMP to public-sector investment planning, previous re-
search has focused on single-stage investment programs and
has not considered the problem of limited resources in the
applications of MAUT and partial MOMP.

In past research that appliesMCDM (multi-criteriadecision
making) to public-sector investment decision problems, al-
though the relativity of public investment programs was dis-
cussed, the cooperation-competition relativity and the effect
on goa achievement were not analyzed in detail. In their
review, Baker and Freeland [2] listed many constraints to the
investment project selection model. Gear [7] classified the
relativity of investment projects into the impact of factors
inside the organization and the impact of the environment
outside the organization; the former refers to the impact on
resource demand or objective benefit, and the latter refers to
the impact on the change in socia economy (e.g., GNP, infla-
tion rate, and per capita income). Fayette [5] proposed the
conception of non-independent investment project selectionin
a multi-criteria feature while Carlsson [3] classified the rela
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tivity of objective achievement into conflict objectives, mu-
tually supportive goa's, and unilaterally supportive goalswhen
discussing the selection of relevant investment projects. Carls-
son used the fuzzy-set theory for analyses to find the most
satisfactory project.

In public-sector investment-decision problems, there is
usually acertain relativity among public investment programs.
For example, in transportation investment, there is a certain
overlapping of the degree of substitutability between high-
speed railways and expressways; and there is a certain com-
plementarity between expressways and ports. Therefore, this
research aimed to identify the cooperation-competition rela-
tion between construction projects when proceeding with
transportation construction investment decision problemswith
the premise of the multi-objective characteristic, so asto work
with the priority of projects’ desirability for adivision of levels
[19], and avoid any waste of limited investment resources.

[11. MODEL AND HYPOTHESES

1. Cooperation-Competition Classification of
Transportation Construction Project

Based on the literature review and interviews with experts,
this research classified the cooperation-competition relation of
construction projects into four kinds of construction project
(independent project, complementary project, overlapping
project, and common complementary overlapping project).
The research then made a subjective judgment based on rele-
vant domain experts professional accomplishments, and
subsequently identified the experts' consensus.

1) Independent Construction Project

In an independent construction project, the achieved per-
formance of the project at g objectivesisfree from the effect of
other projects. Meanwhile, it does not affect other projects. If
the aggregation formed by all independent construction pro-
jectsisindicated by I'', and if construction projectti e I'' (i =1,
2, ..., n), then it means t; would not affect other construction
projectst; (i'=1, 2, ..., n), and construction project t; would not
affect t;. The effect of investment benefit isshownin Fig. 1(a).

2) Complementary Construction Project

In a complementary construction project, the achieved
performance of the construction project in relation to an ob-
jective is affected by at least one project, or it affects at least
one construction project; when two interactional construction
projects have investment at the same time, the achieved per-
formance of the objective can beincreased. If the aggregation
formed by al complementary construction projects is indi-
cated by ', and if construction project t;, t € I'®, then t,Ct;
means construction project t; has a complementary effect on
construction project t;, and t;Ct; means construction project t;
has a complementary effect on construction project t. The
investment benefit effect of a complementary construction
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(a) Independent projects

(c) Overlapping projects

(d) Common complementary
overlapping projects

Fig. 1. Effects of different cooperation-competition transportation con-
struction projects on investment returns.

project isshown in Fig. 1(b); the slash represents the increased
performance of t;Ct; and t;Ct;.

3) Overlapping Construction Project

In an overlapping construction project, the achieved per-
formance of the project at a certain objective and part or all of
it can be achieved by other projects. Because the overlapping
construction project does not increase the achievement value
of objective performance, it can only replace part or al of the
achievement values of another project with part or all of a
project. If the aggregation formed by all overlapping con-
struction projects is indicated by I'°, and if construction pro-
ject t;, t. € T'°, then t,Ot; means construction project t; has a
substitutional effect on construction project t;, and t;Ot; means
that construction project t; has a substitutional effect on con-
struction project t. The investment benefit effect of the
overlapping construction project is shown in Fig. 1 (¢). The
intersection represents the performance of the mutualy re-
placeable part of t,Ot; or t;0t;.

4) Common Complementary Overlapping Project

In a common complementary overlapping project, the
project is complementary to and substitutable for other con-
struction projects with the same or different goals. If the ag-
gregation formed by all common complementary overlapping
projects is indicated by T'°, and if construction project t; €
'C t. e I¢ and t» € T'°, then t,Ct; and t;Ot» mean that con-
struction project t; has acomplementary effect on construction
project t; and construction project t; has a substitutional effect

on construction project ti-; or t.Ct; and t;-Ct; mean that con-
struction project t; has acomplementary effect on construction
project t; and construction project t+ has a substitutional effect
on construction project t;. So I'“C isthe intersection of I'® and
I, that is,

< =r¢nr° (1)

The investment benefit effect of this common comple-
mentary overlapping project is shown in Fig. 1(d). The cal-
culation of executive performance includes the increase in
complementary aspects and the decrease in substituted aspects
(overlapping part). Therefore, among the four kinds of con-
struction projects, as long as the complementary project I'©
and overlapping project I'° are determined, the independent
project I' and common complementary overlapping con-
struction project T'°° can be determined according to the fea-
ture of the aggregation, that is,

r _L 2
(r°ur° uTr®)

inwhichT® =TT T"={t,t,, ..., t,} isthe aggregation
formed by n construction projects.

2. Theoretical Hypothesis

Let us assume that dcl and dol{‘.‘ denote the judgment
value for expert  (j = 1, 2, ..., m) to judge whether construc-
tionprojectstyandt; (i,i'=1, 2, ..., n; i #i') are complementary
projects and overlapping projects, respectively, under the goal
Gu(k=1,2 ..., 0. If thevalue of dc/* or do* is 1, then
construction projects t; and t; are complementary projects or
overlapping projects; if the value of dc* or dol* is 0, then
construction projects t; and t; are neither complementary pro-
jects nor overlapping projects. That is,

. 1,if tCt.ort.Ct

T P €
0, others

. 1,if tOt. or t.Ot

I:l.( — 1 1 1 1 (4)
0, others

According to judgment with pairwise comparisonl, m bi-
nary complementary judgment matrices DC* and binary
overlapping judgment matrices DO’ can be obtained under
each goal, that is,

Dcik={dq{,k|i,i'erT;i¢i'},v1,k (5)

1t isvery difficult to judge all the projects when there are many projects, and the error in judgment can increase greatly. Experts, therefore make a comparison
of a certain attribute of things at the same time and keep their judgments in a relatively coincident foundation. The pairwise comparison is therefore likely to

cause minimumerror [17].
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Doik={do,;'.k|i,i'e l“T;i;ti'},Vj,k (6)

If DC" and DO" are the synthetic judgment matrix for m
experts to judge whether n construction projects are comple-
mentary projects and overlapping projects to each other under
the goa Gy, then

DC™ ={dc}.k dei => del;iite I ¢i'},Vk )
=1

i '
=1

DO" :{doﬂ‘ doj = > dol;i,i'e T";i ;ti},Vk (8)

Experts from different fields hold different views on how
to determine whether two construction projects are comple-
mentary or overlapping. Therefore, this research adopted the
method commonly recognized by many experts. In other
words, dg¥ and dol¥ must be above a certain value, 6 (the
number of majority of experts), thus

dcl*>6,1<6<m 9)

do* >6,1<0<m

(10)

in which value 6 can be determined by m experts jointly
through discussion, thisresearch being confirmed according to
majority rule’;, if the majority adopts it, then value 6 can be
determined through the following equation:
_ |(M2) +1, misan even number (1)
~ |[(m1)/2] +1, mis an odd number
After the option of magjority rule, the complementary com-
mon judgment matrix DC('D‘On and overlapping common judg-
ment matrix DOY,, based on the common understanding of R

experts under the goal G (k =1, 2, ..., g) can be obtained as
follows:

DCY, ={dc|de* =1, 0;i,i'e TTi#i], vk (12)
DO, ={doff|dof =1,0;i,i'e TT;i#i7, vk (13)
In which
T >
e = {29 =6 (14)
0,dg; <@

= 15
0,dol* <6 (15

ot = {1, do’ > 6
Therefore, as long as the value of the DCE,, and DO,
matrix element dct¥ and dof* is 1, then construction projects
t; and t;: are complementary projects or overlapping projects on
the performance achievement of goal Gy based on the common
judgment of m experts; if the value of elements dcﬁ‘.‘ and
doS® is 0, then construction projects t; and t; are not com-
plementary projects or overlapping construction projects on
the performance achievement of goal Gy according to the
common judgment of m experts.

3. Determination of Correlativity of Complementary
Projects or Overlapping Projects

The cooperation-competition relation between construction
projects can be judged by experts aiming at the correlativity
between complementary projects and overlapping projects
after the said separation, and then find out the correlativity
identified by most experts based on the common understand-
ing of most experts.

According to the obtained complementary construction pro-
ject ' and overlapping construction project I'° aggregation,
experts can judge the degree of complementarity and degree of
overlap between the construction projects in aggregations I'°
and T'°. The method adopted in this part is the same as that for
distinguishing the cooperation-competition relation between
construction projects, and it still uses the comparison method
of pairwise projects for judgment.

Let us assumethat o and /3% represent expert E; (j = 1,
2, ..., m) judging the potential degree of complementarity and
degree of substitutability of construction projectst; and t; (i, i' =
1,2,...,n;i =i inaggregations T and I'° under the goal G, (k=
1,2, ...,09). Thus, mdegree of complementarity judging ma-
trices C** and degree of overlap judging matrices O™ 3 can be
obtained as follows:

ch={aklo<al <tii'e ¢}, V), k (16)

ok ={Bl|o< Bl <xi,i'e T}, vj, k 17)

If ax* and B¢ value is 0, then expert j thinks that con-
struction project t; and construction project t; have no degree
of complementarity or degree of overlap on the achievement
of goal G. If ¢/ and B!¥ value is close to 1, it means a
higher degree of complementarity or degree of overlap; in
contrast, if it iscloseto 0, it means a lower degree of com-
plementarity or degree of overlap.

2The majority rule can also adopt over two-thirds principl eor over three-quarters principle, according to the degree of consensus to be achieved.
% c*and O matrices are asymmetric matrix, that is, the ai{‘.( value may not be the same asthe aij.:( value, or ,B“'k may not be the same asthe ﬁij,ik value; itis
mainly because t;Ct; and t;Ct; degrees, or t;Ot; and t;Ot; degrees may not be the same.
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In the complementary construction project I', the degree of
complementarity islikely to have m opinions due to m experts
participating in the evaluation. If the m judgment values are
arranged from maximum to minimum, then m experts opin-
ions on the synthetic judgment matrix C™ of the degree of
complementarity can be obtained as follows:

CT“:{&i{.k|i,i'e rc;j=12.. m},Vk (18)

where

a = maximum{e*}
=1,2,...,m

™ = minimum{ o]

D>

i
j=L2,..,.m

Similarly, the synthetic judgment matrix O™ of degree of
substitutability in the overlapping construction project I isas
follows:

o™ ={BkfiireT® j=12..m,vk (19

where

Since m experts have m different judgment values on the
degree of complementarity of a complementary construction
project and the degree of substitutability of an overlapping
construction project, how to determine the final degree of
complementarity and degree of overlap is an important issue.
This research adopted the majority rule to determine the
common opinion of most experts.

On the performance achievement of goal Gy, the degree
of complementarity CCi'i‘. (i,i'e T'°) and degree of overlap
OCi'i‘. (i,i'e T'°) of construction projects t; and t; can be de-
termined through following equation:

CCi=a,1<0<mi,i'eI'%; Vk

(20)

OCk = g% 1<o<mi,i'e I°; vk (21)

Where, the value of 6 is determined by the majority rule; if
m experts have a common opinion, then the mgjority rule can
adopt the over two-thirds principle or over three-quarters
principle. The content of the majority rule can be determined

by m experts through joint discussions. After the option ac-
cording to the majority rule, the common judgment matrix
leon of the degree of complementarity and the common
judgment matrix Offon of the degree of overlap with the
common opinion of m experts under the goal Gy can be ob-

tained as follows:

(22)

Ck, ={cct|cck =i, ire ;i 217, vk
o- ={oc,ik,‘oc,ik, = B0, ite IO | ¢i'},Vk (23)

Therefore, the closer CCX. or OCY. value is to 1, the
greater the degree of complementarity (i, i' € T') or degree of
overlap (i, i* € T°) of construction projects t; and t; is; on the
contrary, the closer it is to 0, the lower the degree of com-
plementarity or degree of overlapis. If CX,, matrix and O,
matrix are asymmetric matrix, then if i, i' € T', the values of
the degree of complementarity CC¥. and CC", of construc-
tion projects t; and t; on the performance achievement of goal
G, may not be equivalent. If CC. isgreater than CCK,, then
the degree of complementarity of construction project t; to
construction project t; is greater than the degree of comple-
mentarity of construction project t; to construction project t;,
and the degree of substitutability of overlapping construction

projects has identical properties.

IV.NUMERICAL EXAMPLE

1. Problem Background

Let us assume that local government X plans to carry out a
transportation construction to improve the worsening trans-
portation problem and promote local development, and nine
feasible transportation construction projects (I'" = {t;, t,, ...,
tg}) are selected according to detailed planning and eval uation.
Local government X plans to achieve goals of economy, en-
vironment and life-quality through thislarge-scale investment.
The available resources of local government X, such as budget
and manpower, cannot meet the requirement of these nine
construction projects. Therefore, it is confronted with a deci-
sion problem to select a favourable investment project from
these nine construction projects.

2. Decision Limit and Explanation on Handling

In the nine construction projects, which are complementary
projects, and which are overlapping projects? The degree of
complementarity of complementary projects and the degree of
replaceability of overlapping projects cannot be determined
objectively by quantized data. Therefore, local government X
plansto let experts from the rel evant domains make judgments
and evaluations. To keep matters simple, this case assumes
that five experts make a group decision to carry out the co-
operation-competition analyses and corrélativity judgment of
the nine construction projects under each goal .
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The relativities of the nine construction projects are dif-
ferent under different goals; in short, we plan to make a de-
scription based on agoa G, from among those goal s expected
to be achieved.

3. Handling of Decision Problem

1) Correlativity of Complementary Projects or Overlapping
Projects

(1) Determination of Correlativity Among Projects

According to the judgments of five experts, under goa Gy,
nine construction projects are complementary ones and over-
lapping ones respectively. Five binary complementary judg-
ment matrices DC (j = 1, ..., 5) and five binary overlapping
judgment matrices DO’ (j = 1, ..., 5) can be obtained through
(5) and (6). They are shown together for comparison. In
edements a, b, ¢, d, e in the bracket (a, b, ¢, d, €), a is the
judgment value of Expert 1 (j = 1), d isthe judgment value of
Expert 4 (j = 4), and eisthejudgment vaue of Expert 5 (j =5).

t t, ty t, te ts t, tg tg
t(-- (10100 (00010 (11111 (01001 (1,001 (01001 (01101 (0,000,0)
t, -~ (00100 (1111) (0,0000) (01101 (00100 (10100 (010,00
ty -- (0,0,0,0,0) (0,0,0,0,H) (4,0,0,0,0) (0,0,0,0,00 (0,0,0,0,0) (0,40,10)
ty -- (0,0101) (11011 (010,400 (1040, (0,000
DCk =t -- (0,0,0,0,00 (4,0,0,0,0) (0,0,,0,0) (0,0,0,0,0)
te _ -- (4,0,4,0,00 (0,0,0,0,0) (0,1,0,1,0)
t, Symmetric -- (0,0,0,0,0) (10,0,1,0)
tg -- (0,0,0,0,0)
ty --
t t, ty t, tg t, tg tg
t,(-- (0,0,0,0,00 (40010) (0,000,0) (400,00 (0,000,0) (010,0,0) (00,00,0) (0,010,0)
t, -- (0,0,0,0,0) (0,0,0,0,0) (0,4,0,0,0) (0,0,0,0,0) (4,0,4,0,0) (0,0,0,0,0) (0,1,0,1,0)
ts -- (0,0,0,0,0) (1,0,0,0,0) (0,0,,0,1) (0,0,0,0,0) (0,4,0,2,0) (1,0,0,0,0)
t, -- (4,0,0,0,) (0,0,4,0,0) (40,0,0,0) (0,4,0,0,0) (0,0,0,0,0)
DCK =t - 1111y (0,010,000 (11111 (1111D)
ts . -- (06,0,0,000 (L1111) (L1LL1))
t, Symmetric - (010,000 (0,0,0,0,0)
tg -- (1,1,0,0,0)
ty --
Combining the judgment results of five experts, synthetic t ot ot oty oty ot oty i
judgment matrices DC™ and DO™ can be obtained to judge t(-- 0 2 0 1 0 1 0 1
whether the nine construction projects are complementary t, - 0 0 1 0 2 0 2
projects and overlapping construction projects according to ¢ - 0 1 2 0 2 1
(7) and (8) asfollows: 3
t, -- 2 1 1 1 o0
DO™ =t -- 5 1 5 5
t -- 2 5 0 3 1 2 1 t - 1 0
t, - 0 1 1 0 0 2 g 2
t, - 2 4 2 3 1 b B
DC™ =ty -- 0 1 1 0
tg Symmetric - 2 0 2 _ The m_aj qrity ruledetermi ngsthc_a adop?ion of thg over three-
t, - 0 2 fifths princi ple after the joint discussions of five experts
N 0 according to (9)~(11), nqmely, 6 = 3. Aslong as three
8 experts have a common opinion, the property of a transporta-
t T tion construction project can be determined. Finally, the com-
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mon judgment matrix DC(‘:‘On of a complementary project and

the common judgment matrix DO(ffOn of an overlapping pro-
ject can be determined according to (12)~(15) as follows:

t(-- 0 0 1 0o 1 0 1 O

t, -- 0 1 0 1 0 0 O

ts -- 0 0 O O o0 O

ty -- 0 1 0 1 O©

DCE, =ts - 0 0 0 O
te -- 0 0 O

t, Symmetric - 0 O

t8 =" 0

tg ==

t(-- 0 0 O O O O 0 O

t, -- 0 0 O O o0 o0 O

ts -- 0 O O O 0 o

Kk _lL -- 0 O O o0 o0
Dow“_% -1 0 1 1
t6 . - 0 1 l

t, Symmetric - 0 o0

t8 - 0

tg ==

(2) Discussion

According to common judgment matrices DCE,, and DO,
the performance achievement of goal G, can be determined to
be of a complementary I'® or overlapping I'° construction
project:

re :{tl-tzvtmte’ts}

1:1 t2
t --
»| (02,0.1,0.5,0.3,0.2) --
c" =t,| (0.1,0.1,0.3,0.2,0.1) (0.3,0.0,0.0,0.4,0.2)

—

~

51(0.1,0.3,0.304,0.) (0.2,0.1,0.0,0.1,0.0)

After the potential degree of substitutability among four
overlapping construction projects is judged by five experts

t5 tﬁ
t5 -

oik _ts| (0:2.04,01,03,0.1) --

"t/ (0.0,0.2,00,0.1,00) (0.2,0.1,0.3,0.2,0.1) --

(0.1,0.0,0.4,0.2,0.0) (0.2,0.1,0.2,0.1,0.3)
(0.7,0.2,0.3,0.6,02) (0.2,0.4,0.0,0.3,0.2) (0.0,0.2,0.0,0.0,0.1)

s| (0.1,0.0,0.0,0.0,0.1) (0.0,0.3,0.0,0.2,0.1) (0.2,0.4,0.0,0.1,0.0) --
(0.0,0.1,0.0,0.0,0.1) (0.0,0.3,0.0,0.2,0.2) --

(0.,0.3,0.1,0.1,0.3)

I ={t,,t;, t, to}

Then, according to the aggregation features of (1) and (2),
the complementary and overlapping construction project I'“°
and completely independent construction project I can be
selected:

r ={t31 t7}
re :{tes’ ts}

It is shown that two of the nine construction projects are
independent projects on the performance achievement of goal
Gy according to the judgment result of five experts, five are
complementary projects, four are overlapping projects and
two are common complementary overlapping construction
projects. As for the achievement of other goals, the five ex-
perts can also use the same method for judgment to obtain the
cooperation-competition classification of construction pro-
jects under each goal.

2. Cooperation-Competition Degree of Transportation
Construction Projects

(1) Judgment of the Cooperation-Competition Degree be-
tween Projects

According to the cooperation-competition classification re-
sult of the nine construction projects, five experts need to judge
only the correlativity of five complementary projects and four
overlapping projects. After the potential degree of comple-
mentarity among five complementary projects is judged by
five experts through (16), five judgment matrices of the de-
gree of complementarity C** (j = 1, ..., 5) can be obtained.
Among them, the (a, b, c, d, €) element represents a as the
judgment value of Expert 1 (j = 1), d as the judgment value of
Expert 4 (j = 4), and e as the judgment value of Expert 5 (j =
5).

ty ts g
(0.4,0.1,0.1,03,0.2) (0.0,0.1,0.1,0.0,0.)

-- (0.0,0.2,0.0,0.1,0.0) (0.2,0.4,0.1,0.5,0.2)
(0.0,0.1,0.0,0.0,0.1)

through (17), five judgment matrices of degree of substitut-
ability O™ (j = 1, ..., 5) can be obtained as follows:

t8 t9
(0.1,0.1,0.1,0.0,0.0) (0.0,0.0,0.2,0.0,0.1)
(0.0,0.1,0.0,0.0,0.1) (0.0,0.1,0.4,0.1,0.2)
(0.2,0.0,0.2,0.2,0.0)

t,| (0.3,0.4,02,0.6,0.3) (0.0,0.0,0.2,0.0,0.1) (0.1,0.0,0.0,0.1,0.0) --
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Then, arranging five experts' judgment values on the po-
tential degree of complementarity of five complementary
construction projects and the judgment values on the potential
degree of substitutability of four overlapping construction

t2I. t2
t, --
t,| (0.5,0.3,0.2,0.2,0.1) .-
c™ =t,| (0.30.2,0.1,0.1,0.) (0.4,0.3,0.2,0.0,0.0)

(0.4,0.2,0.1,0.0,0.0) (0.3,0.2,0.2,0.1,0.1)
(0.7,0.6,0.3,0.2,0.2) (0.4,0.3,0.2,0.2,0.0) (0.2,0.1,0.0,0.0,0.0)
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projects from the maximum to the minimum, the synthetic
judgment matrix of degree of complementarity C™ and the
synthetic judgment matrix of degree of substitutability o™
can be obtained as follows:

(0.4,0.3,02,0.1,0.) (0.1,0.1,0.1,0.0,0.0)

-- (0.2,0.1,0.0,0.0,0.0) (0.5,0.4,0.2,0.2,0.1)

ts| (0.1,0.1,0.0,0.0,0.0) (0.3,0.2,0.1,0.0,0.0) (0.4,0.2,0.1,0.0,0.0) -- (0.1,0.1,0.0,0.0,0.0)
t;((0.4,0.3,0.3,0.,0.) (0.2,0.1,0.1,0.0,0.0) (0.1,0.1,0.0,0.0,0.0) (0.3,0.2,0.2,0.0,0.0) --
t5 tG t8 t9
tg .- (0.303,0.1,0.1,0.) (0.1,0.1,0.1,0.0,0.0) (0.2,0.10.0,0.0,0.0)

otk _ts| (04,03,02,0.1,01) --

—

5| (0.2,0.1,0.0,0.0,0.0) (0.3,0.2,0.2,0.1,0.1) --

(0.1,0.1,0.0,0.0,0.0) (0.4,0.2,0.1,0.1,0.0)
(0.2,0.2,0.2,0.0,0.0)

t,( (0.6,0.4,0.3,0.3,0.2) (0.2,0.1,0.0,0.0,0.0) (0.1,0.1,0.0,0.0,0.0) .-

Itisdecideto adopt the over three-fifths mgjority rule asthe
principle after the joint discussion of three experts through (20)
and (21), so that at least three of the five experts have a
common opinion, and then the degrees of complementarity
CCK and CCX (i,i'e ') of complementary construction
projects and the degrees of substitutability OCi'i‘. and
OCi'fi (i,i'e T°) of overlapping construction projects can be
determined. According to (22) and (23), 0 = 3 istaken to de-
termine the complementary common judgment matrix Cffon
and the overlapping common judgment matrix Olfon. Finaly,
the two matrices are obtained as follows:

0.2
0.2
0.0

0.1
0.0
0.2
0.0

tl ==
t2 0.2 ==
ck, ={ccky=t,| 01
ts| 0.0
t510.3

01 01 00
t{ 02 -- 00 01
tg 0.0 02 -- 02
t,\03 00 00 --

(2) Discussion

According to the common judgment result of five experts
on the achievement of goal Gy, the degrees of complementarity
CCY and CC¥ between pairwise construction projects of
complementary construction projects are not equivalent. For
example, CCY, =0.1 and CCX, =0.2 mean that if construc-
tion project t; and construction project t, are selected at the

same time, on the performance achievement of goa Gy, con-
struction project t; can increase the goal achievement value of
construction project t, by 10%, and construction project t, can
increase the goa performance achievement value of con-
struction project t; by 20%.

Similarly, on the overlapping construction project, OCi'i‘.
and OCY, are not equivalent; for example, OCL =0.1
whereas OC = 0.2. Therefore, if construction project ts and
construction project tg are selected at the same time, on the
performance achievement of goal Gy, construction project ts
can replace 10% of the achievable goal performance of con-
struction project ts, and construction project ts can replace
20% of the achievable goal performance of construction pro-
]eCt ts.

The degree of complementarity and degree of overlap of
other goals can aso be determined through the same method
according to the cooperation-competition classification result
under each goal. Furthermore, according to the relativity of
each goal achievement, the increased or decreased goal
achievement performance can be calculated and then used as
the basis of construction project selection.

V.CONCLUSION

Transportation construction projects have a certain degree of
relativity under a goa to be achieved; therefore, when choos-
ing projects, a division of levels should be made according to
the priority of project desirability. Thisresearch identified the
relativity of potential cooperation-competition between pro-
jects to avoid any waste of limited investment resources. The
results showed that the cooperation-competition relation of
construction projects could be classified as an independent
project, a complementary project, an overlapping project, and
acommon complementary overlapping project. Future studies
based on the results of this research will carry out the con-
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struction of a multi-annual budget allocation model under the
government's multi-objective and limited resources.
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