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Abstract: Bidding decision is a complex issue that refers to unstructured multi-level group decision making and game
theory. For analyzing the process of project biding, a mathematical statistics analysis method, based on the quotation level
and bidding rate, was proposed. Based on the discussion of the mathematical curve fitting, the method of regression equa-
tion calculation based on the significance of linear regression equation, the mathematical model of quotation level and win-
ning rate was constructed. According to the case study, the designed method improved the bidding rate of biding contractor
and reduced the blindness of bidding decision. therefore, it was concluded that this method is scientific and effective.
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1. INTRODUCTION

Bidding decision is very important for any bidding unit,
as unwise bidding decision results in a tremendous waste of
resources, poor business management, which in turn affect
the achievement of the strategic objectives of the bidding
unit. A rational and competitive quotation level is the core of
a successful project. Currently, many cities have actively
promoted project bidding by taking assistance of computer
and network. Quotation decision mathematical method for
project bidding is an important content for research which is
designed [1] to achieve t online bidding system and the sup-
port systems for evaluating the success of the bidding unit

[2].

2. RELATED RESEARCHES AND OUR WORKING

Project bidding quotation is a process that refers to the
analysis of the technology, construction programs, bidding
unit requirements, the enterprise management level, con-
struction level, project market and competitive process of
project quotation. According to the analysis, it can help in
making the project quotation decision within limited time.
The bidder solves the problem of increasing the winning
rate of biddings in strong competition to gain the highest
profit in the project biddings.

Project biding is a complex issue that refers to unstruc-
tured multi-level group decision making and game theory.
Currently, researches on project bidding quotation strategy
[3, 4] have made considerable achievements, and constructed
a mathematical model of project biddings. Some of them are
qualitative researches, some are quantitative analyses, such
as unbalanced bidding [5, 6], project bidding decisions based
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on fuzzy logic [7], multiple criteria optimization [8], and
competition analysis bidding [9, 10]. But many of them are
too complex to be implemented in computer aided project
bidding system. Based on the basic principles and methods
of mathematical statistics, this paper proposed a mathemati-
cal statistics analysis method of the quotation level and win-
ning rate decisions. This paper used actual cases to verify the
usefulness of this method that is simple, scientific and effec-
tive to design and develop computer aided project bidding
system.

This paper, according to the collected information and
data of bidding, calculated the quotation level and winning
rate of biddings by mathematical statistics method, drew
scatter diagram of quotation and winning rate, and analyzed
the linear regression equation of the quotation level and win-
ning rate by mathematical curve fitting method to provide
scientific, effective data and information for quantitative
decision of project bidding.

3. MATHEMATICAL MODELS AND CALCULATION
METHOD

3.1. Construction of Model

This method assumes that the all previous quotations (1-
n) 4 of bidding unitjis (Ayj, Azj, .., Ay, s Apj).

1. Calculation for the standard quotation ratio N;; of
all previous quotations of bidding unit j. How to calculate
the N;; value is shown in formula (1).

Nij = By;/Ay; (1)

N;j is the value of the ith standard quotation price ratio of
bidding unit j, 4;; is the average value of the ith standard

quotation price of the bidding unit j, and B;; is the ith stand-
ard quotation price of the bidding unit j.

2015 Bentham Open



346  The Open Cybernetics & Systemics Journal, 2015, Volume 9

2. Calculation for the average value of all previous
standard quotation ratios N;; of bidding unit j. N;; is also
called as the average quotation price ratio. If the bidding unit
j has made n times biddings, the calculation of the average
value of all previous standard quotation ratios is shown in
formula (2).

N; = XiLi Nyj/n 2

ﬁj reflects the quotation level of all n times biddings of
bidding unit j. If ﬁ] is less than 1, it shows that the quotation
level is lower, and if N; equals to 1, it shows that the quota-
tion level is medium. However, if ﬁj is larger than 1, it
shows that the quotation level is higher.

3. Calculation of bidding rate and drawing of scatter
diagram. If the number of winning bidding of all » times is
V; . the bidding rate is calculated as shown in the formula

3).
P =V;/n (3)
Assuming that the point J(ﬁj, P;) , under the rectangular

Cartesian coordinate system  considers N, P as x, y coordi-
nates respectively, with mathematical statistics value of
quotation level and bidding rate of the bidding unit j, math-

ematical statistics value of quotation level (N;, N, ... N;,
.. N,,) and bidding rate (P,, P,, .. P;, ..P,) ofall
m bidding units can be calculated. Drawing the points (N,
o P (Ny Pp) s o (N P) s o Ny, Py)
under the same rectangular Cartesian coordinate system, the

mathematical statistics scatter diagram of quotation level and
bidding rate was obtained as shown in Fig. (1).
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Fig. (1). The scatter diagram of the average quotation level N and
bidding rate P.

2. Mathematical Curve Fitting of Scatter Diagram of (

3.
N;, P;) Value

In Fig. (1), mathematical curve fitting method was used
to obtain the experience curve of the average quotation level
N and the bidding rate P, and the experience formula is
shown in formula (4).
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P =f(N) @)

Using the experience curve or empirical formulas, not
only the corresponding bidding rate of different quotation
levels can be obtained, but this can also accord with the bid-
ding rate to determine the corresponding quotation level.

If sets x = N and y = P, according to the Fig. (1), it rep-
resents a nonlinear relationship between the quotation level x
and the bidding rate y. Mathematical curve fitting method is
show in formula(5).

f@)=a+bgx) )

If sets X = g(x), and Y = f(x), according to the trans-
formation of formula (5), linear regression equation was
obtained as shown in formula (6), and the nonlinear rela-
tionship was converted into a linear relationship.

Y = a+bX (6)

When i=/~m , formula (6) can obtain linear regression
equation by calculating (X;, ¥;) with (x;, y;) and esti-
mating regression coefficient ¢ and » with the least square
method. The detailed solution steps are as follows.

Step 1: A scatter diagram of (x;, y;) is drawn as shown
in Fig. (1).

Step 2: Based on past experience and Fig. (1) distribu-
tion, a nonlinear regression mathematical model is set up as
shown in formula (5).

Step 3: the fitting curve is linearized by calculating  (X;
, Y;) with i=]~m as shown in formula (6).

Step 4: the value of Y is set as shown in formula (7), and
the value of formula (6) is estimated with formula (7).The
difference of them is expressed as shown in formula (8).

o(a,b) = X[, — (a + bx;)] (8)

Step 5: To select the minimum value of @ + b, the value
of qo(&, 13) is made to reach the minimum. Following this,
. A ap 0 "
partial derivatives 6—(2, a—(g of ¢ are calculated under @ +

b,and are made equal to zero as shown in formula (9).
] S
a_(g = =237, [V - (@ + bx;)] ©)
] S
o5 = ~2Z2[Yi - (a - bx)]

Step 6: The equations are solved as shown in formula
(10).

ma + mXb = mY (10)
mXa + BZI’ile =25 XY
It can obtain formula (11) from formula (10).
- 1
X = m i1 X;
= lanm (11)
Y = ;Zi=1Yi
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Because x; is not the same as the value of the coefficient

m mX
mX T X}
calculated by formula (10), and the equation (10) has only
one set of solution as shown in formula (12).

determinant is

=m( ?;lXiz—m)Tiz);to

a=Y-bx
B — ZﬂlxiYi—mﬁ (12)

—2
m 2
Zi:l Xi“—-mX;

Step 7: After obtaining the value of @ and b based on
formula (12), the linear regression equation is shown in for-
mula (7) can be set.

3.3. Calculation of Linear Regression Equation and Cor-
related Coefficient

After constructing mathematical model of the quotation
level and the bidding rate, the relationship between x and y
can be found. However, there is a need to calculate the re-
gression equation and correlation coefficient R of (X, Y;)
to verify whether the linear regression curve can exactly re-
flect the relationship between the quotation level and the
bidding rate and its close degree.

Assuming that the number of the bidding units is m and
the statistical value is (x;, y;) then the linear arithmetic mean
X, Y, can be calculated according to the formula (11), and the
process of calculating correlation coefficient R is shown in
formula as follows.

Assuming that the Lxy,Lyy,Lxy represent formulae (12),
(13) and (14) respectively.

Lyxy = Xz (X; — Y)2 = ﬁlxiz —mX? (13)
Lyy = Xi2,(Y; — 7)2 =Xt Yiz —my? (14)
Lyy = (X = X) (Y = ¥) =X, XY, —mXY  (15)

The calculation of correlation coefficient R is shown in
formula (16).
R = Z'Lﬂ:ll(xi_f)(yi_Y) - Lxy (16)
e S L s

R reflects the close degree of relationship between the re-
gression equation and (X;, Y;), and the conclusion is as fol-
lows:

(1) When R=0 (Lyy = 0), it can get b = Lyy/Lyy and
b=0 by formula (12), (13) and (15), and the result shows that
the change in Y has nothing to do with X. therefore, there is
no the linear relationship exists between X and Y.

(2) When 0<|R|<1, it shows that there exists a certain lin-
ear relationship between X and Y. The smaller the absolute
value of R, the smaller the correlation is, but on the contrary,
the correlation is higher.

(3) When |R|=1, there is a complete linear relationship
between X and Y. If R=1, the relationship is perfect positive
correlation, and if R=-1, the relationship is perfect negative
correlation.
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The above analysis showed that the absolute value of cor-
relation coefficient R was more close to 1, and the correla-
tion between X and Y was more close. It can be said that the
nonlinear mathematical model of the quotation level x and
bidding rate y is more in accordance with the actual situation
of project bidding.

3.4. Significance Test

The above calculation shows that the higher the absolute
value of correlation coefficient R, the better is the regression,
and the more significant the linear relationship will be., Con-
trarily the worst the regression is, and the less significant the
linear relationship will be . There are three methods to test
the significance of linear regression.

(1) F-test

F-test is shown in formula (17). It can verify the linear
correlation between X and Y by considering F distribution
table.

F=(n-2)25:F1n-2) (17)

(2) T-test

T-test is shown in formula (18), the value of s is shown
in formula (19). It can verify the linear correlation between
X and Y by considering t distribution table.

b
t=2Lyx : t(n = 2) (18)
_ LxyLyy—Lxy> o
s = /—(n_Z)LXX , b= Lyy/Lyy (19)
(3) R-test
P

Because (n—2) ~>Fi-o(l,n—2), the critical value of
R can be solved by Tdfmula (20). It can verify the linear cor-
relation between X and Y by considering R distribution ta-
ble.

1

IRl = | —F=z— (20)

Fi_q(1n-2)+1

The above described three kinds of testing methods are
actually completely equivalent. When a equals to 0.05, it is
considered as a significant test level and the confidence is
95%. The results of tests were, |t| =tyq;5(n—2),F =
Fyos(n —2)and |R| > Ry s, therefore, the regression is
significant. When « to equals 0.001, it is considered as a
significant test level and the confidence is 99.9%. The results
of tests were|t] =tyg995(n —2), F = Fyg99(n—2),
[R| > Ry o1, therefore, the regression is extremely signifi-
cant.

As F-test is simpler, it is often used to deal with practical
problems.

4. EXPERIMENT RESULT AND DISCUSSION

Based on the above research and discussion, in order to
verify the validity of the above methods, the project applica-
tion and verification results, the quotation level and winning
rate data of 10 bidding units were taken into consideration
with more than 100 times project bidding , which was pro-
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Table 1.  The statistical results of the quotation level and winning rate data of 10 bidding units.
Bidder(i) 1 2 3 4 5
Quotation(x) 0.979 0.982 0.985 0.992 0.997
Bidding Rate(y) 0.142 0.141 0.118 0.122 0.088
Bidder(i) 6 7 8 9 10
Quotation(x) 1.003 1.006 1.013 1.019 1.028
Bidding Rate(y) 0.091 0.086 0.088 0.062 0.064
Table 2. The results of related parameters.
Xi Xi=Inxi X? Vi Yi=Iny Y2 XY
0.979 -0.02122 0.00045 0.142 -1.95193 3.81002 0.04143
0.982 -0.01816 0.00033 0.141 -1.95900 3.83766 0.03558
0.985 -0.01511 0.00023 0.118 -2.13707 4.56707 0.03230
0.992 -0.00803 0.00006 0.122 -2.10373 442570 0.01690
0.997 -0.00300 0.00001 0.088 -2.43042 5.90693 0.00730
1.003 0.00300 0.00001 0.091 -2.39690 5.74511 -0.00718
1.006 0.00598 0.00004 0.086 -2.45341 6.01921 -0.01468
1.013 0.01292 0.00017 0.088 -2.43042 5.90693 -0.03139
1.019 0.01882 0.00035 0.062 -2.78062 7.73185 -0.05234
1.028 0.02762 0.00076 0.064 -2.74887 7.55630 -0.07591
> 0.00279 0.00241 1.00200 -23.39236 55.50679 -0.04799
vided by the Henan Xinxiang Public Resources Trading & y = Ax"B 21

Service Center as examples to analyze. At the same time, a
computer aided construction project bidding decision system
was developed, which laid the foundation for the practice of
the method. The statistical results are shown in Table 1.

(1) According to the data of Table 1, the mathematical
statistics scatter diagram of quotation level x and bidding
rate y was dawn as shown in Fig. (2).
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Fig. (2). The scatter diagram of (N;, P;) value.

(2) Based on the characteristics of Fig. (2), the function of
quotation level and bidding rate was used to draw the curve
as shown in formula (21).

(3) Linearizing the fitting curve, if y = In A — B In x, set
X=Inx,Y=Iny, a=InA, b=—-B, then Y =a+bX
was obtained .

(4) The estimated parameters 3, b were calculated, and
the results are shown in Table 2.

(5) Based on the results of Table 2, following data was
obtained,X = — Y%, X, = 0.000279 and Y=—Y2 VY, =

10 10

—2.33924. By solving the linear regression equation
Y = a + bX, the estimated parameters @ b were obtained
by formula (12), along with Y;" = -2.33443 — 17.2004x;. By

M,
—-17.2007,

into formula
_ —0.04799-10x0.000279%(—2.33924) _

O XZ-mX; 0.00241-10%(0.00241)2 -
=Y —bX =—2.33924—17.2004x0.000279 =
—2.33443

putting a b

b= Y, X;Y;—mXY

(6) The correlation coefficient R was calculated by for-
mula (13), (14), (15), (16). By using the Table 2 , L. =-
0.04145, 1,=0.00241, 1,=0.786533 and R = -0.95212 were
obtained respectively. Because the value of |R| was close to
1 the correlation between X and Y was also closer.

(7) Analyzing the regression significance, F-test is sim-
pler, and it is often used to deal with practical problems. F=
77.58443 was obtained by formula (17). When the critical
value o was equal to 0.05, the value of F was set as
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1
Fo.05(8,1)

Fi_o(1,10 —=2) =
tribution table.

Because 77.58443>0.0042, which suggested that the re-
gression analysis is significant. When the critical value ¢

was €qual to 0.005, the value of F was set as F;_,(1,10 —
2) = — L —0.00004 by considering F distribution table.
Fo.005(8,1)

Because 77.58443> 0.00004, it can be said that the regression
analysis is significant.

= 0.0042 by considering F dis-

(8)The linear equation was transformed into nonlinear
regression equation. When A = e = e~233443=() 09686,
B =—b=-17.2004, then the value of Y was y=
0.09686x 172004 obtained by putting 4 and B into formula
@2n.

By the obtained nonlinear curve, the fitting curve was
drawn as shown in Fig. (2).

CONCLUSION

At present, the reasonable low price method and the
comprehensive evaluation method are often used to evaluate
bidding in China, and the quotation is sixty or seventy per-
cent of the total value that is calculated by the reasonable
low price method and the comprehensive evaluation method.
As a result, the reasonable quotation is the key to win bid-
ding. According to the calculation results, the method pro-
posed in the study is an objective, effective and scientific
quantitative analysis method for project bidding decision.
Because the method is based on previous quotation and bid-
ding strategy, therefore for using the method to formulate
quotation decision strategy and offer quotation quantitative
analysis, attention should be paid to the following aspects:
(1) when determining final quotation, the bidding unit should
strengthen the understanding of macro policy, strengthen the
market analysis and research, and should fully consider the
status  strategic planning.(2) It is necessary to collect
enough statistical data, and carefully analyze all previous
similar project bidding information of other competitive bid-
ding units.(3) It is also important to consider some variables,
such as project material price growth, inflation and techno-
logical progress, market supply and demand, to keep the
quantitative analysis results comparable and objective.(4)
Quotation should be close to the owner or close to the opti-
mal price for the best bidding unit. The reasonable low quo-
tation price should be calculated on the basis of fully esti-
mating and analyzing the base price of the bidding unit.
Moreover, for comprehensive quotation, the evaluation
method should comprehensively consider many influence
factors in quotation, such as owner pre-bidding unit estimate,
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other bidders’ quotation, the weight of each evaluation in-
dex, etc.
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