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Abstract

In this paper the AHP (Analytic Hierarchy Process) and the FCE (Fuzzy Comprehensive Evaluation) are
applied to find the best coaches from different sports and to rank these great coaches.
First, we screen coaches’ information using three screening criterions. We rank the screened coaches
preliminarily by means of analytic hierarchy process (AHP). Second, we rank them by fuzzy comprehensive
evaluation method(FCE), and we determined the top5 coaches  on basketball, football and hockey. Third,
we use the Topsis method to test the accuracy and reasonableness of the model, modify the model and then
reorder the original results to inspect the consistency of the results of the two models. Finally, we take
some other factors into account to optimize our model, which includes on the influence of time line horizon
and genders.
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1. INTRODUCTION

The analytic hierarchy process (AHP)[1-3] is a structured technique for organizing and analyzing
complex situation. It is based on mathematics and psychology. Rather than prescribe a “correct”
decision, the AHP helps decision makers find one that best suits their goal and their
understanding of the problem. It provides a comprehensive and rational framework for structuring
a decision problem, for representing and quantifying its elements, for relating those elements to
overall goals, and for evaluating alternative solutions.

Fuzzy Comprehensive Evaluation Method[4] is a comprehensive evaluation method based on
fuzzy mathematics. The comprehensive evaluation method is based on the theory of fuzzy
mathematics degree of membership of the qualitative evaluation into quantitative evaluation,
which apply fuzzy mathematics subject into many factors or objects to make an overall
assessment. It has a clear result, as well as some systematic and strong features, which can be a
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good way to solve than the vague, difficult to quantify the problem, suitable for solving the
problem of non-deterministic.

The TOPSIS method can also be used to deal with multi- criteria decision making (MCDM)
problem. Several extensions of this method have been suggested. The simplest extension is to
change a fuzzy MCDM problem into a crisp one by applying the defuzzification method [5].
However, this  approach  can  cause some  information  lost and gives only a crisp point estimate
for  the  relative  closeness  of  each  criteria.  Although the extension gives a fuzzy relative
closeness for each criteria, it was determined that the supports of the derived fuzzy relative
closeness are over exaggerated[6]. The extension principle is therefore not advisable either. To
overcome these shortcomings, the TOPSIS method and the extension principle were combined to
solve fuzzy MCDM problems.

In  the  20th  century,  a  great  number  of  top  coaches  were  born in American colleges and
many sports fancier wanted to rank these great coaches, but it is not an easy job because the
evaluation of coaches is determined by many factors.[7] This paper focus on coming up with a
strategy on what will be both the most efficient and accurate way to find the best coaches. All
information of candidate coaches is obtained from [8-11]. The rest of this paper is organized as
follows: in Section 2, we screen coaches’ information using three screening criterions. Section 3
to section 6 presents four parts of our multi-criteria decision approach in detail. Conclusions are
provided in the last Section.

2. SCREENING TARGET INFORMATION

We first screen coaches’ information obtained by three initial screening criterions:

(1) Teaching periods within the scope of the last century. If the coaches can span a century, we
have special treatment.

(2) Teach for 10 years or more. The longer a coach works for, the richer experience is and the
better he has profound understanding of specific sports, which helps him become a good coach.

(3) The races during teaching time won more than 50%. Ability to command games is the
necessary skill for excellent coaches, playing a key role in the victory.

After screening under the above conditions, we left 80 coaches in each three groups to evaluate.

3. AHP

First, the problem can be divided into three levels. The top is the goal layer, namely the need to
choose a college coach; the bottom is object layer; the middle layer is the criterion layer. The 11
indexes are expressed as  Pi= {Coaching time, game, win, Personal honors, win%, Training
method, management, Game style, social influence, individual quality, social appraisal}.
Hierarchical structure is shown in Figure 1.
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Figure. 1 Hierarchical structure diagram

Then we list the second layer, third layer, the fourth layer criteria comparison matrix layer and
make normalization processing for the matrix. Random consistency ratio CR can be calculated by:

CI
CR

RI
=

(1)

where CI denotes consistency degree, expressed by (2), RI denotes Average random consistency
index.

1

n
CI

n

 −=
− (2)

where λ is the maximum eigenvalue of the comparison matrix, n is the number of the matrix.
Table 1 shows the related importance between factor ci and cj.

Table 1. The relative importance
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Consistency index can be obtained:

Second layer: Best Coach:

Weight matrix W1= [0.6232, 0.2395, 0.1373], CR1=0.0176<0.1.

Third layer: Overall: W2= [0.6232, 0.2395, 0.1373], CR2=0.0176<0.1.
Career: W3= [0.6000, 0.2000, 0.2000], CR3=0.0000<0.1.
Personality: W4= [0.6000, 0.2000, 0.2000], CR4=0.0000<0.1.

Fourth layer: Team: W5= [0.2000, 0.6000, 0.2000], CR5=0.0000<0.1.
Personal: W6= [0.8000, 0.2000], CR6=0.0000<0.1.

Table 2. The weight of vector elements

After completing the analysis of all the evaluation elements needed, we are able to analyze the
degree of excellence of each coach in accordance with the scores on each weight of vector
element. However, some information also cannot be quantified, so we will solve this problem by
using FCE method.

4. FCE

4.1. FCE Algorithm

Let U= {u1, u2, …, um} characterize the object being evaluated m kind of evaluation factors
(evaluation) where: m is the number of evaluation factors, a specific indicator system is
determined.
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Let V= {v1, v2, … , vn} be the set of evaluation which reflects the various levels of the evaluation
object, where vi represents the first evaluation of the results  of the j, j=1,2, …, n. n is the total
number of the evaluation results that are usually divided into 3 to 5 grades.

Let A= (a1, a2, …, am) be the weight (weight) distribution of fuzzy vector, where 0 , 1i ia a> =∑ .
A reflects the importance of each factor. Use univariate fuzzy evaluation to establish the fuzzy
relationship matrix R.

11 1

1

n

m mn

r r

R

r r

 
 =  
  



  



where rij represents a factor evaluated from the perspective of membership of ui level of fuzzy
subsets vj. Synthesizing fuzzy weight vector A and fuzzy relationship matrix R, we obtain the
results of the evaluation object vector B.
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4.2. Solving steps
The Abstract section begins with the word, “Abstract” in 13 pt. Times New Roman, bold italics,
“Small Caps” font with a 6pt. spacing following.  The abstract must not exceed 150 words in
length in 10 pt. Times New Roman italics.  The text must be fully justified, with a 12 pt.
paragraph spacing following the last line.

(1) Determine the set of factors to be evaluated

According to the established model system, we determine the set of objects factor which needs to
be evaluated: U= {u1, u2, u3, u4, u5, u6} = {training method, management, game style, social
influence, individual quality, social appraisal}.
(2) Determine the set of evaluation object comment

According to the degree of influence of our target, we set up a grade evaluation set as follows:
V= {V1, V2, V3, V4} = {one (100 '), two (80'), three (60 '), four (40')}

(3) Determine the weight vectors

In the previous section, we've got the weight of the object to be evaluated: A= {a1, a2, a3, a4, a5, a6}
= {0.1437, 0.0479, 0.0479, 0.0824, 0.0275, 0.0275}.

(4) Determine the evaluation matrix

We screened eighty soccer coaches, which were carried out to become the best coach in the level
of evaluation. Tab. 3 shows the evaluation matrix of Eddie Robinson.
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Table 3. The evaluation matrix

(5) Fuzzy comprehensive evaluation

That fuzzy comprehensive evaluation model: B = A o R. Here, fuzzy composite operator is taken
as an ordinary matrix multiplication algorithm.

1

( ) ( )( ) ( )

(c(1),c(2),c(3) c(i))

B C R (10.9212,3.5466,3.4009,7.6632,2.3485,2.519)

j

c i r i j v j

C

= ∗

= ⋅⋅⋅
= ∗ =

∑

(4)

When Eddie Robinson is elected as the best coach, the scores of management, game style, social
influence, individual quality, social appraisal are 10.9212, 3.5446, 3.4009, 7.6632, 2.3485, 2.519.

With the help of the coaches’ scores on these programs based on AHP, we can score for all

coaches and rank them. So the overall score

11

1

(i) a(i)S d= ∗∑
. In following, table 4 shows the top

twenty football coaches and their scores.

Table 4. Rank of the top 20 football coaches
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We can use the same method to get the rank on other sports. In order to save space, we leave out
the ranks of basketball and hockey coaches.

5. MODEL CHECKING

Topsis method has no special request for the sample, and it is easy to apply to different problems.
Its basic idea includes: normalization of the original data matrix, find the best and the worst in the
limited program to constitute a space, so that we can get the distance (Euclidean distance) from
the point to the optimal solution．Now, we use the football coaches as test samples.
(1) Evaluate polarity, give the polarity matrix

1 11 /i ix x∗ ∗=
(5)

Table 5. The polarity matrix

Table 6. The consistency matrix
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(2) Normalization of the data matrix

2

1

/ ( )ij ij

n
Z X

ij
i

X
∗= ∗

=
∑

(6)

Table 7. The normalized weighted matrix

(3) Determine the positive ideal solution and negative ideal solution.

Positive ideal solution:

max 1 max 2 max n(Z , Z , ..., Z )

(0.134, 0.056, 0.016, 0.028, 0.014,

0.026, 0.100, 0.097, 0.038, 0.181, 0.106)

Z + =

=

Negative ideal solution:

min1 min 2 min n(Z , Z ,..., Z )

(0.059,0.029,0.010,0.015,0.035,

0.021,0.032,0.072,0.023,0.062,0.084)

Z − =

=

(4) Calculate Euclidean distances to the positive ideal solution and negative ideal solution of
evaluation objects.

2
max ij

1

2
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1
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∑

∑
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(5) Calculate of various solutions and the optimal relative close degree
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(6) Compare the solutions

Li value is between 0 and 1, and the closer to 1, the more optimal the solution is. Table 8 shows
the new rank for top5 football coaches. We can see from it, the new rank is consistent with the
original rankings, so the model of the system can be thought of as a relatively scientific and
reliable.

Table 8. The Relative proximity

6. OPTIMIZATION

As mentioned above, the model we have built can judge a coach with some factors, which means
that we can use this model to look for the “best all time college coach”. But there are also some
imperfections in our model, in this section we will take some other factors into account to
optimize our model. Considering the real situation, we mainly focus on the influence of time line
horizon and genders.

6.1. Time Line Horizon

In this subsection, we will talk about the effect of time line horizon and how we build up a more
advanced model. We use basketball coaches as an example. To begin with, we select 530 college
coaches as representatives and decide to take the Last Year in every coach’s career as the basic
element, because the Last Year is broadly representative and could easily label each coach’s years
of career. Then, we find the Last Year of the 265th coach was 1990 after we sort these coaches by
the year. So the year of 1990 is a watershed. Depending on this, we classify those data into two
types, which has a decisive role in the next calculations.

Besides, we must figure out the impact of time line horizon on our main factors. In order to
achieve this goal, we use “Excel 2010” to draw pictures as follows. It’s worth noting that we just
focus on three factors—win%, win and personal honor, for those three factors are the main effect
and they are also very important for us to select the greater coaches in the model we have built.
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Figure 9. Statistical Chart of factor win%

Figure 10. Statistical Chart of factor win

Figure 11. Statistical Chart of factor personal honor

From the illustration, we can see that the numbers of win and personal honor are on the up while
the w% falls slightly. As the trend of w% is smooth, we hold that our model could work without
the impact of time when we consider only w%. So different time line horizon can only influence
two parts of our model—win and personal honor.
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Considering the slope of each factor, as well as the previous research, finish a formula to make
calculation:

 (1990 ) slope weight

( ) ( )

(1990 ) 0.0139 0.089

(1990 ) 0.0154 0.276

Aggregate score score years

score add win add personal honor

score years

years

= + − ∗ ∗

= + +

= + − ∗ ∗ +

− ∗ ∗

∑

(9)

The above formula can optimize our model by avoid the effect of different time line horizon.

6.2 Genders

When it comes to the genders, the factors we focus on have a little change, replacing “personal
honor” with “coaching time”. This time, we rank all the coaches according to the figures (from
big to small) coming from the two new factors, and then draw corresponding graphs with the
information of men and women in the same way we used before.

Figure 12. Statistical Chart of factor win

Figure 9. Statistical Chart of factor coaching time

Compare the result of data for women and men, we can easily discover that both the two factors
have some differences. So we optimize our model on the basis of “win” and “coaching time”.
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According to the graphs, we know that the men’s result is more remarkable than women’s when it
comes to the two factors mentioned above, so we finish the formula to make calculation:

' / '

(win) add(coaching time)

score ( 6.7195) / ( 10.756) 0.089

( 0.2996) / ( 0.5420) 0.0159

0.56497

aggregate score score slope of women s slope of mens s weight

score add

score

= + ∗

= + +

= + − − ∗ +

− − ∗

= +

∑

(10)

This formula can optimize our model by avoiding the effect of genders.

7. CONCLUSIONS

The integration of AHP, FCE and TOPSIS methodologies is a hybrid application of soft
computing techniques. The aim of the hybrid application is to assess the best college coaches and
rank them. This work has established the model to determine the best college coaches, which
consists of combination of AHP for ranking the coaches preliminarily, FCE for determining the
top5 coaches on three kinds of sport, Topsis method to test the accuracy and reasonableness of the
model and optimization. Those four parts can screen all the college coaches by four steps. With
this model, we come up with a strategy on what will be both the most efficient and accurate way
to find the best coaches. The rank is mainly based on statistics of the coaches, as well as their
performance in the past and their potential. Then we make a comprehensive assessment. In the
following, we list the ultimate top5 coaches on three kinds of sports.
Our future work will focus on refining the model to be more scientific and more believable.
Besides, some factors which are neglected in this model can be further studied if there is more
information available.

Best all time college football coach
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Best all time college basketball coach

Best all time college hockey coach
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