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ABCTRACT. This paper is proceeded from conventional sequencing we have
introduced some new methods of sequencing and illustrated their efficiency by exam-
ples, then we have given two comparable factors and have analysed that it is possible

to reform the group structure in terms of these two comparable factors. This paper

has some pratical value.

$§1 Conventional Sequencing Method

At present, following method is adopted in most sequencing:
I The case of single index:

Let universe U = {u1,--- ,%n}, #i = (%1, -- ,%i5) (I £ ¢ < n) their scores

Jé
(gnantity) from single index ¢ are ai1,--- ,@i;; puta; = Z“"" -+ (1) ora; =
k=1
Ji
(E aik)/% --- (2). Here i = 1,2,--- ,n . Then we can obtain the sequencing of
k=1

%1, - , 4y only by comparing the magnitude of a;,--- ,ay,.

II  The case of several indexes.
Consider several indexes ¢y,--- ,¢, and determination weight by, -- s bm, By

Ji
(1) we can calculate the w; quantity a]; = Za,v, corresponding to ¢;. Put a} =
k=1

m m
Zb,-a;j o+ (3) or @] = (Z bjai;)/m --- (4). Only if we could determine the

=1 f=1
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magnitude of a},-- - ,al, we could determine the sequencing of w1, - ,un:

We call these two sequencing methods to be conventional sequencing methods.
But in most cases, ¢; can also be decomposed into several indexes (i1, ,c,-k,.).
Indexes ¢y, - - , ¢y, may also be alternative, so the partition of index itself has fuzziness
and variety. Ordinarily, the decomposition of index ¢; may be unreasonable the weight
isn’t determined easily. Therefor the credibility is reduced actually. However the man
brain expecially expert’s has unique synthesis ability in the partition of fuzy index
that is complicated in somewise and weight determination. Next we considerr from

the characteristic of Fuzzy Cognitive Maps.

§2 Determine index and weight by Fuszy Cognitive Maps.

Fuzzy Cognitive Maps is often abbreviated to FCM. A FCM is a Fuzzy map with
sign and fed-backing. The node denotes the Fuzzy Set. Fuzzy directal edges denote
partial causal relative. “+” refers to causal increase and “-" to causal decrease. We
survey n authorities, they are asked to use a FCM to denote their suggestion on
¢; decomposing or weight. According to priciple of knowledge composing in [2], we
compose a new FCM. This FCM synthesis all experts’ experimence and more reason-
ability. For example, synthetical map is Figure 1. Index ¢;,--- ,¢¢ . Its conjuction
degree is side weight. If we think that side weight less than or equal to -14- is too weak
and it can be neglected. We can obtain % strict cut-map of Figure 1 ( Figure 2 ).

Then on this standard. Synthesis expert FCM is much simpler than before.

C, Cy Cs C

Cs Cs Ce
Cy Cs Ce Cs,
(Figure 1) (Figure 2)

The index can be simplifided to ¢y, cs,¢3,¢5,¢6. By the priciple of knowledge

composing, we can determine the weight also. In refer to sequencing problem on
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given universe. After determining index and weight, we can sequence by different

methods. Next we introduce some new sequencing methods.

§8. Determine group sequencing by linear order.

After better solving index devision and weight determination. We can discuss
the concrete method in sequencing.

Assume m indexes, in every index we determine sequencing L; (¢ = 1,--- ,m) of
universe {uy, - ,%n}. By [4], L; forms Linear order. In order to introduce two new

sequencing methods, we introduce following conception.

DEFINITION 1. Let U = {uy,--- ,u,,} be a universe. L; is linear order (evaluation)

on U. For any u € U, ¢;(u) denotes sequence number of u in L;.

Put ¢(u) = Z ¢i(u)/m. ¢(u) is called position number of U.

s=1
DEFINITION 2. Let Ly,Ls be two linear orders on U. The distance of Ly and L,
m
is defined by d{Ly,L2) = Z lex (i) — e2(wsi)|, here |ex(ui) — ea(w;)| demotes the

1
difference of sequence numi)er of element u; on L; and Ly. Therefor deﬁnition of

d(L,,L3) is very audio-visual.

DEFINITION 3. Let Ly, L be m linear ordens' on U. L is any linear order

on U. L* is a linear order.If Zd(L* L) = mm Zd(L L;), the L* is call the best

evaluation of Ly,--- ,L,, Tlus method is similar to tbe method of minimum distance

that we are acquainted. So we call this method to be the method of minimun distance
of sequencing.

The similarity of two linear orders can be denoted by correlation coefficient ex-
ception by distance. From Multivariate Statistical Analysis we know a variety of
correlation coefficient that can be used. If we use the cosine of angle, we can obtain

following definition.

DEFINITION 4. Let universe ! = {u1,--- ,8,}. Ly and Ly are two linear orders on u.

Their sequencing number are ¢;(u) and ¢z(u). correspondingly, then the correlation
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i

Z e1 (% )ea (i)

coefficient of Ly and Ly is defined by p(Li,L3) = — ”i=1 -
\J Z "12(“6) E 622("5)
i=1 =1

DEFINITION 5. Let Ly,--- ,Ly, be m linear orders on U. L is any linear order on
m m

U. L* is a linear order. If X Z p(L*,Li) = mgx(-rlz ZP(L,L;')), then we call L* to
f=1 =1

be the best evaluation of Ly,- -+ yLyy,. O‘orrespondin‘g method is call the method of

maximum relation.

Now let us use an example to illustrate the efficiency of these two methods. We
take the example in [6). Index is given. Three agriculture product plan and every
economical index is as following:

economical index plan1l plan2 plan3

kg/mu 1850 1400 2150
yuan/kg 4.8 4.1 6.5
manpower/mu 35 22 52
yuan/mu 125 115 90
fertility of land 4 4 2

In order to make the method convenient. We correct the fertility of land in plan
2 to be grade 3 from grade 4. From the calculation in [6] we know this turn will not
change the sequencing of u;,%s,uz. According to single economical index we obtain

result as following:
Li(Kg/mu):uguruz  La(yuan/Kg): uzu;ug

Lg(manpower/mu) : uguyug  Ly(yuan/mu) : vy ug ua.
Ls(fertslity) : uy ug ug

1. The method of minimum distance:

Let universe U = {u1,u2,us}, its all possible linear orders are:
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! ! li

L, : uyuaug, Lg : ujugus L3 : uguyug
' ' ! ',

Ly : ugnguy, Ly :uguyug Lg : uguzuy

(1)Calculate the distance sum of L} and Ly ~ Ls :
We can easily obtain:

ALy, L) = 4, d(L1,Li) =2 G =23), d(L},L;)=0(=4,5)

5
LY d(L,L)=4+2+2+04+0=38

t=1

(2) Calculate the distance sum of L] (§ = 2,8,--- ,6) and Ly ~ Ls:

5 5 5 ’
Y d@y, Ly =14 Y d(Ly,L)=8 Y d(Ly,L)=16

i=1 =1 s=1

5 5
Y i, L) =16 Y d(Le,Li)=18 .

1=1 s=1

5 5 \
Ty 4Lt Ly) =:m;nz:d(L;-,L.-)
i=1 =1
L L*=LjorlLg
Therefor the central opinion obtained by the method of mimimun distance is
linear order : L} = #8343 or Ly = %3%; 3.
2. The method of Maximun relation.

3
Yoelw)=rP+22+8 =14 (§=1,2,3,4,5)

=1

’ -
Y () =1?+2"+a"=14  (j=1,2,3,4,5,6)

i=1

(1) Calculate the correlation coefficient of L} and Ly ~ Ls.

o L) = ——milanle) 1
E::l (c’l (';)) E?:l e1?(s;)
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Similarily
13 13 13 12
Wl = 2 i L=  pILL=7; ELLs) =g

52 p(L, L,)_

=1

(2) Calculate the correlation coefﬁcient of Li and Ly ~ Ls:

8
3 ZP(Lz, = %a T ZP(Laa L) = - Z (L L) = ig'

1-1 r—l l=

-ZP(L L)— ‘ZP(L Li)-':%

i=1 =1

The result by these two methods is somewhat different with that by (6], but by
carefully analysis, this result is reasonable.

§4. Method of nearness in group sequencing

Here, we introduce an efficient new method in group sequencing method of near-

ness.

1. single index ¢y:

DEFINITION 6. Let u; = (ti1,%ia, - ,%ij,, every component is a quantity in [0,1].
Then u; is a Fuzzy subset. If (wi;, > uij,) <= (8ij, > @ij,), then ui is called
increasing index. Correspondingly the best subset w] is (1,...,1). If (wij, > wij,) &
(a5, < aij,), then u; is called decreacing index. The best subset u} is (0,...,0).

DEFINITION 7. If  N(u;,u}) > N(uj,u]) < ui >4

N(ui,u]) = N(uj,u]) <= u; =,
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there, N (u;,u}) denotes nearness of u; and u; .

Obviously, this definition is naturally and has strong visual property.

Then, it is naturally to put forward the selection problem of nearness N. Concrete
analysis should be made in concrete conditions. For example, if group sequencing is
based on the representation of magnitude of man’s ability. We should select the
nearness that can response small difference in high ability and large difference in low
ability. Paper [7] pointed out that Euclid nearness has this character of small action
in high part and larg:, action in low part. So we can select the Euclid nearness:
N(uy,uz2)=1- 71’7[2(«1; - 125)2]%.

t=1
Give an example : Assume two students take three examinations. Their scores

is 100, 40, 70 and 75, 70, 55. Therefor, we can structure the fazzy subsets 43 =
(1,0.40,0.70), uz = (0.75,0.7,0.55), «} = (1,1,1) (i =1,2). so

N(ul,ul)_l—7(02+062+032 )t =1-/0.45/V3

N(ug,ud)=1- —-\/-_-(0252+03’+o45’)% =1 - /0.355/V/3

N(u1,43) < N(u2,u3)
80 Uy < H3.

Although this result is different with conventional method. This method is useful
for reference and reasonable. Now we apply this method on several indexes.

2. Several indexes : ¢y, ,Cm

DEFINITION 8. General nearness N(Ny, Na,--- ,N,) is a function of p-variable, sat-
isfies

(1) N(z,=,...,z)=gz, forall z €[0,1]

(2) IfNy>N{,N;>Nj},--- Ny >N, (N;,Nlare both nearness)

and at least a strictly inequality holds, then N(Ny,--- ,Np) > N(Ny,--- ,Np).

COROLLARY 1. 1’5"}§p{N"} < N(Ny,---,Np) £ o {N;}

COROLLARY 2. 0 < N(Ny,--- ,Np) £ L.
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Given the relatively reasonable indexes ¢1,--- ,¢m and weights b1, - ,bm cor-

m
respordingly (& > 0,and Z b; = 1) that are determined by FCM. We assume the

i=1

m

nearness between u; and u} referring to ¢; is N;;. Put N(Ni1, - yNim) = E b; Nij,
j=1

then there is a concrete general nearness. We can give group sequencing according to

the magnitude of N (Ni1,- -+ ,Nirm). Example won’t be give here.

§5. Reforming of the group structure

We have introduced some methods of group sequencing before. But people discuss
group sequencing not only in order to sequence, but also try to give more convinced
suggestion. Then we can reform the group structure and make the group have more
perfect structure. Now we use methods of nearness and statistic in our discussion.

I. Urgent coefficient of system reforming:

Put M; =1 — N(u;,u}), then:

The smaller N is, the larger M; is. The output function is weaker, and it is more
argent to reform the system w;.

The larger N is, the smaller M; is. The output function is stronger, and it is less
urgent to reform the system u;.

Therefor we call M; to be urgent coefficient of system reforming.

II. To fuzzy subset w; = (@1, ,%ij)s we consider variance
d; = ;———1:—1 Ej‘:(u,-k —%;)* €]0,1], here % = iu,-k/j,-. 7 2 2, Now we come to

t k=1 k=1
prove that: d; € [0,1].

LEMMA 1. Ifd; > 1, then there is at most one k(1 < k < 3), so that (wix—%)? < 0.5.

LEMMA 2. If |u;x — %] > /0.5. for all k (1 <k <j—1), then
either (uix — ;) > V0.5, for all k (1g<s—-1)
or (#ix — %) < —0.5. for all k (1<k<s—-1)

These two Lemma can rather easily be proved. With them we can deduce the

following theorem by contradiction. Because of the length, we omit the proofs.



Some New Methods of Group Sequencing And Its Structure Reforming

THEOREM. Ifuir €[0,1],1 <k <%, 5 €N. and 5 2 2. then

5
1 —
=TT E (i —%)* €10, 1]
k=1

Here, d; denotes the degree of every component %; departuring the average value,
ie. individual difference degree of function in u;. If ; is larger, the individual function
difference of u; is larger. It is more urgent to reform partial individuality. Contrarily,
the smaller d; is, the smaller the individual function difference is. Tt is less urgent to
reform the individuality with rather weak function. We call d; to be urgent coefficient
of partial reforming.

Having these two comparable factors, we include the following regularities:

1) M; and d; are high, ie., the whole function output of u; is lower, the difference
of function output between individuality is large, then except that we should manage
to enhance the individual quality which power is weak in u;, we should reform the
whole working system of «;.

2) Value M; in u; is partially high, value d; is partially low. It denotes the whole
function output is lower, but individual difference is smaller, therefor we should reform
the system on u;. The problem will not be solved only by the method of promoting
the backward, collective professional education and training on the group must be
carried out.

3) Value M; is suitable, d; is partially high. It denotes that the whole function
output is high, but the individual difference is large. Then, the primary work is to
enhance the weaker individual quality by promoting the backward. So as to diminish

difference.

4) Both M; and d; are not partially high. It denotes the whole function output
is stronger. Still higher criterion can be made according to actuality so as to enhance
individual quality and group output.

Interested reader can discuss further according to the comparable factors M; and
d;.
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