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A Model of Adding Relation between Two Levels
of a Linking Pin Organization Structure

Kiyoshi Sawada

Abstract—This paper proposes a model of adding relation to a
linking pin organization structure where every pair of siblings
in a complete binary tree of height H is adjacent such that
the communication of information in the organization becomes
the most efficient. For a model of adding an edge between a
node with a depth M and its descendant with a depthNV, we
formulated the total shortening distance which is the sum of
shortening lengths of shortest paths between every pair of all
nodes and obtained an optimal depthV* which maximizes the
total shortening distance for each value ofM.

Index Terms—organization structure, linking pin, complete
binary tree, total distance.

. INTRODUCTION Fig.1. An Example of a Complete Binary Linking Pin Structureféf= 5

linking pin organization structure is a structure in which
relations between members of the same section are

added to a pyramid organization structure and is callefhges with the same depth and (ii) a model of adding edges
System 4 in Likert's organization classification [1]. In thgetween every pair of nodes with the same depth [5]. A
linking pin organization structure there exist relations bepmplete-ary tree is a rooted tree in which all leaves have
tween each superior and his direct subordinates and th@sg same depth and all internal nodes h&yes = 2,3, ...)
between members which have the same immediate superigfidren [6]. Furthermore, we have proposed a model of
The linking pin organization structure can be expresseging relation between the top and a member in a complete
as a structure where every pair of siblings which are nodgs ary jinking pin structure of heigh [7]. When an edge
which have the same parent in a rooted tree is adjacefétween the root and a node with a depéhis added, an
if we let nodes and edges in the structure correspond dgtimal depthN* is obtained by minimizing the sum of
members and relations between members in the organighgths of shortest paths between every pair of all nodes.

tion respectively [2], [3]. Then the height of the linking This paper proposes a model of adding an edge between

pin organization structure expresses the number of lev Isnode with a depthV/(M = 0,1,...,H — 2) and its
in the organization, and the number of children of eac scendant with a deptV(N — ,M7+2, M +3,... H)
node expresses the number of subordinates of each memper, complete binary (that i = 2) Iinki7ng pin ’struz:ture
Moreover, the path between a pair of nodes in the StrUCtLHFheightH
is equivalent to the route of communication of informatio%n,nation o
between a pair of members in the organization, and addip
edges to the structure is equivalent to forming addition
relations other than those between each superior and
g;ﬁg j#gg{iﬁgg?gi: 2[2. between members which have tor} edges in the shortest path from a nodeto a nodev;

The purpose of our study is to obtain an optimal set &’] N 1’2""’2H+1*1) in the compl_ete binary Im!(mg pIn
additional relations to the linking pin organization such th?trUCture of h?'ghtH’ then’, l” is the total distance.
the communication of information between every memb rurt_hermore, 'fli.vj d(_anotes the d/lSt?_ﬂCE from to o aftgr
in the organization becomes the most efficient. This mea gdlng an edge in this mOde"l’j_lij is called the shortening

. : : R A
that we obtain a set of additional edges to the structu éstance between; andv;, and ZKJ‘ (li.j lm) is called

minimizng he sum of lengihs f shotest pths betwed 1% S1ETG dsnce Mz e o dancele
every pair of all nodes. q Y 9 ’

We e btaned an opimal depi for each of il 2008 e B fode i sepmans s descendant
following two models of adding relations in the same level tg;r wr pf heightl. an optimal d pthN* : gt in dgbp
a completek -ary linking pin structure of height/ where ;;x?nliizeino thizgtotal, gho(r)tznina diesﬁ)ance f?)roeaetl:hevalu)é of
every pair of siblings in a complet&-ary tree of height 9 9
H is adjacent: (i) a model of adding an edge between twj\c/sl' ) ) )

_ _ _ In Section 2 we formulate the total shortening distance of
Manuscript received April 8, 2012. _ _ __ the above model. In Section 3 we show an optimal depth
K. Sawada is with the Department of Policy Studies, University of, . hich . the total shorteni dist f h

Marketing and Distribution Sciences, Kobe, 651-2188 Japan (e-mail® which maximizes the total shortening distance 1or eac
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(H = 2,3,...). This model corresponds to the

f an additional relation between a superior and
indirect subordinate. Figure 1 shows an example of a
% mplete binary linking pin structure dff = 5.

i l;;(=1;;) denotes the distance, which is the number
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Il. FORMULATION OF TOTAL SHORTENING DISTANCE between every pair of nodes Iy is given by
This section formulates the total shortening distance when

an edge between a node with a depitiM = 0,1,..., H— | 252 | -1

2) and its descendant with a depti(N = M + 2, M + Ey(M,N) = Z W(H—-N+i-1)
3,..., H) is added to a complete binary linking pin structure =

of height H(H = 2,3,...). EEa

Let vy, denote the node with a depil and letvy denote
the node with a deptlv which gets adjacent to,;. The set
of descendants ofy is denoted byl;. (Note that every
node is a descendant of itself [6].) The set of descendants
of vy, and ancestors of parent efy is denoted byVs.
(Note that every node is an ancestor of itself [6].) Lt The sum of shortening distances between every pair of nodes
denote the set obtained by removifg and V; from the in V; and nodes irV is given by
set of descendants ofy;. Let V, denote the set obtained by
removing descendants of; from the set of all nodes of the

x Z W(H — M — j)
=1
x(N—M-2i-2j+1). (5

complete binary linking pin structure. Fa(M.N) = (W(H)-W(H - M))W(H - N)
The sum of shortening distances between every pair of x (N =M —1). (6)
nodes inV; and nodes i/ is given by
| Mg | The sum of shortening distances between every pair of nodes

Ap(M,N) = W(H — N) Z (N—M—2i+1), (1) in V5 and nodes iV is given by
i=1

where W (h) denotes the number of nodes of a complete Gu(M,N) = (W(H)-W(H — M))
binary tree of height(h = 0,1,2,...), and|z| denotes the | 5] -1
maximum integer which is equal to or less thanThe sum x (N—-M—2i—1). (7)
of shortening distances between every pair of nodéds,iis i=1
given by
| N5 |y | MMy Thesum of shortening distances between every pair of nodes
B(M, N) = Z (N—M—2i-2j+1), (2) in V3 and nodes i/, is given by
i=1 j=1
0 Ju(M,N) = (W(H)-W(H - M))
where we defineZ:- = 0. The sum of shortening distances | == |
between every p;gilr of nodes in and nodes ir; is given % ; WH =N +i-1)
by x (N — M — 2i). ®)
LN—Q/I—IJ
Cu(M,N) = W(H-N) Z W(H - M —i) From the above equations, the total shortening distance
i=1 S (M, N) is given b
« (N — M — 2i). (g SuM.N)is given by

Thesum of shortening distances between every pair of nodes g, (37, N)
in V5 and nodes in is given by —  Au(M,N)+ B(M,N) + Cyy (M, N)

Dy (M, N) +Dy(M,N)+ Eg(M,N)+ Fg(M,N)
| =51 +Gu(M,N)+ Jg(M,N). (9)
= W(H — M —i)

x Z (N — M — 2i — 2j) I1I. AN OPTIMAL DEPTH N* FOREACH VALUE OF M
L@J _This section obtain; an .optimal deptfi* which maxi-

n Z W(H—N+i-1) g}li\? the total shortening distanég (M, N) for each value
g s essS(1, )l coses off 2

x ot (N—M=20-2j+2), (4 L=1,2.. .’, [%f Since the number of nodes of a

complete binary tree of heigltt is
-1

where we definé _ - = 0. The sum of shortening distances ,
i=1 W(h) =2 T L, (10)
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Spy(M,M +2L) and Sy (M, M + 2L + 1) becomes
S (M, M +2L)

L
= (ML 1)y (2L -2i+1)
i=1

L—1L—1
+ >N @L—2i—2j+1)
i=1 j=1
L—-1

_ 1) Z (2H—M—'L+1 _ 1)

i=1

4 (2H—M—2L+1
x (2L — 2i)

L—2
+ Z (2H7M7i+1 _ 1)
=1

L—-1

4 (2H71\/172L+i o 1)
L—-1

+ Z (2H7M72L+’L' _ 1)
i=1

x (2L — 2i — 2j + 1)

+ (2H+1 _ 2H7]\/[+1) (2H7M72L+1 o

L—i—1

(2L — 2i — 27)

b‘ <
Il
s. =

(2L72272j+2)

<.
Il
—

~

(2H M—j+1 1)

<.
Il
—

1) (2L -1)
L—-1

+ (2 =2 M) N oL — 2 — 1)

i=1

+ (2H+1 _ 2H7M+1) z_:l (2H71v[72L+i o 1)

=1

=~ .

x (2L — 2i)

22H72M73L+3 _ 22H72M7L+2 _ 3 . 22H7M72L+2

4 Q2H-M—L+43 _ gH-M-2L+1 _ 5 oH-M-L+1

+2H—M+3 (11)

— (3L —2)28 1 — L,
and

S (M, M+ 2L +1)

L
= (2f~M—2L Z2L 2i +2)
1=1

L—1L—i
+ > (2L —-2i-2j+2)
i=1 j=1
L
+ 2H—]\4—2L _1 2H—]\/f—i+1 _1
( );( )
x (20 —2i+1)

h

(2L—22—2]—|—1)
1

L-1
4 Z (2H7M7i+1 _ 1)

<.
Il

4 (2H—M—2L+i—1 —1)

4 &
I\Mh I
- -

N~
N

—i+1
x (2L — 2i — 2j + 3)
1

.
I

4 3 (2H7]\/172L+Z‘71 _ 1)
X (2L — 2 —2j +2)
+ (2H+1 _ 2H—M+1) (2H—M—2L

I
-
~

(2H7M7j+1 _ 1)
1

|
-
<.
I

—1)2L
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h
L

n (2H+1 _ 2H—M+1)

(2L — 2i)

Q
Il
-

e

4 (2H+1 _ 2H7M+1) (2H71W*2L+7;71 _ 1)

i=1

x (2L —2i + 1)
5 . 92H—-2M—3L+1 _ 5

3 3
_ 3 . 22H7M72L+1 4 3 . 22H7]\/[7L+1

. 92H—2M—L+1

_ 9H-M—-2L+1

_3L_2H+1_

_ 2H—M—L+3 + 5 . 2H—M+1
oI, (12)

Lemma 1:

()If L=1,thenSy(M,M +2L) < Sg(M,M +2L+1).
(i) If L > 2, thenSy(M,M+2L) > Sy(M,M+2L+1).
Proof:

@) If L =1, then

Sg(M,M +2L) — Sy(M,M + 2L +1)

1 1
2H—-M-1

2 <2M+1 T 9H—M-3 1)

—3.20-M 1
< 0.

(i) If L > 2, then
Su(M,M +2L) — Sg(M,M +2L+1)

1

—_ g . 22H—M—L+l (3 _

(13)

19 7
oM ~ oL ' girtar

1 1 1
H+2
+2 (1 T oM + oM+1 2M+L+1> +L
> 0, (14)
whereL =2,3,..., [#=3=L|. The proof is complete.

Lemma 2: If L > 2, thenL* = 2 maximizesSy (M, M +
2L).

Proof: If L > 2, thenL* = 2 maximizesSyg (M, M + 2L)
since

Sp(M,M +2L) — Sy (M, M + 2L + 2)

1 9 7
_ 2H—M—L+1
= 2 (2 T 9M T 9L+1 + 2M+2L+1)
. 1 1 1
+27 (6 QM+2L—1 ~ 9M+L-2 9M+L
1
+ QM+2L+1 +1
> 0, (15)
whereL =2,3,..., | Z£52 | — 1. The proof is complete.
Lemma 3:
() If M = 0 and H = 4, then Syg(M,M + 3) >
Sy(M,M + 4).
(i) If M = 0 and H > 5, then Sy(M,M + 3) <
Sg(M,M +4).

(iii) If M > 1, then Sy (M, M + 3) > Sy (M, M + 4).

Proof:
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Theorem 4: Let N* maximizeSy (M, N) for each value of
M, then we have the following:

() If M=H—2,thenN* =M + 2.

(i) If M =H -3, thenN* = M + 3.

(i) If M < H — 4, then we have the following:
(@ If M =0andH = 4, thenN* = M + 3.
(b) If M =0andH > 5, thenN* = M + 4.
(c)If M >1, thenN* =M + 3.

Proof:

() If M=H -2, thenN* = M + 2 trivially.

(i) If M = H-3,thenN* = M+3 sinceSy (M, M+2) <
S (M, M + 3) from (i) of Lemma 1.

(i) If M < H-—4,thenN* =M +3 for N < M + 3 from

() of Lemma 1 andN* = M +4 for N > M + 4 from (ii)
of Lemma 1 and Lemma 2.

@ If M =0and H = 4, then N* = M + 3 since
Spy(M,M +3) > Sg(M, M + 4) from (i) of Lemma 3.

(b) If M = 0and H > 5, then N* = M + 4 since
Sa(M, M +3) < Su(M, M +4) from (ii) of Lemma 3.
() If M >1, thenN* = M + 3 sinceSy (M, M +3) >
S (M, M + 4) from (i) of Lemma 3.
The proof is complete.

IV. CONCLUSIONS

This study considered the addition of relation to a link-
ing pin organization structure such that the communication
of information between every member in the organization
becomes the most efficient. For a model of adding an edge
between a node with a depth/ and its descendant with
a depth N to a complete binary linking pin structure of
height H where every pair of siblings in a complete binary
tree of heightH is adjacent, we obtained an optimal depth
N* which maximizes the total shortening distance for each
value of M. Theorem 4 reveals that the most efficient
manner of adding relation between a superior and his indirect
subordinate is to add the relation to a subordinate of the
second, the third or the fourth level below the superior
depending on the level of superior and the number of levels
in the organization structure.
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