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An Evaluation Model of
Internal and External Contributions
In Hierarchical Organizations
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Abstract—Two typical but different types of organization exist: To attain an efficient operating organization, it is necessary
one is traditional organization with a pyramid shaped hierarchice) determine where the members should be assigned. This

structure, while the other is a network organization with a nofig 5 crycial issue in traditional organization theories that is
hierarchical structure. In the organization sciences and its allied o L . -
field including business administration, economics, public adminigek:"v"Jmt tt_) le”lr'fy,',ng the limit of authority” artd layering of
tration, sociology, and psychology, the behavioral patterns and valdB§ organizations”.

required in a specific organization have been discussed from thdn the organization sciences and their allied feilds includ-
standpoint of being successful relative to other competing firm#ig business administration, economics, public administration,
From the examination of the literature, it is readily discernible th%ciology and psychology, the behavioral patterns and values

organizational studies on authority and layering have primarily been uired in a specific oraanization have been discussed from
qualitative in nature. Organization theory suggests that to streamlfiie] P 9

the management of a large organization begins by dividing it inf§€ Standpoint of the superiority in competing with others,
several sections. We propose a new mathematical model whigh the possibility to succeed. From the examination of the
defines internal and external contributions for the organizations fiferature, it is readily discernible that organizational studies

this paper. Consequently, the evaluation function in the new modeljg g thority and layering have primarily been qualitative in na-
adapted by the sum of the contribution to the external of all memb rsre Fia.2 illustrates three different cateqories of the members’
in a given organization. This paper offers two or more evaluation ~* 9. 9

measures that are required for an organization to be specialized. P€haviors. They are primary-business-oriented behavior vs.
. . o . . peripheral-business-oriented behavior, external-contribution-
Keywords—Combinatorial Optimization, Primary business, Pe: . havi . | ibuti . d behavi
ripheral, Extenal, Internal, Profitability. oriented 'be avior vs. internal-contribution-oriented behavior,
and profitability-oriented behavior vs. retaining-oriented be-
havior.

I. INTRODUCTION

External

Profitability

WO typical but different types of organization exist: ~ Primary business

one is traditional organization with a pyramid shaped
hierarchical structure, while the other is a network organization
with a non-hierarchical structure. Fig.1 shows an example of
the classical type organization model which is expressed by a
rooted tree.

Peripheral

Internal
Retaining

Organization

Figure2 Three different behaviors in a modern large organization.

Members are also entrusted with performing tasks indirectly
related to the organizational primary business itself, as well
as trained on issues pertaining to corporate responsibility and
compliance. As described in traditional organization theories,

Figurel Hierarchical organization as a rooted tree. legal remedies for compliance and organizational sustainability
are required, which can be considered qualitatively. But in
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The reason for this ambiguity is that the problem cannot Her z; € V(G)(: = 0,1,---,k) and z;z;41 € E(G)

dealt with extant quantitatively based frameworks of traditiongj = 0,1,--- ,k — 1), wherez; are all distinct, and calling

organization theories. xoxy -+ - xp a path fromzy to z in G, and the number of
edges of the path is its length. The above path; - - - z;, has

length k.
Assume thatP = xgx; - -- ;1 iS a path andc > 3, then

I C=P+xr_1x0

is called a cycle. On the other hand, an acyclic graph, i.e., one

; not containing any cycles, is called a forest. A connected forest

is called a tree. Thus, a forest is a graph whose components are

trees. Sometimes we consider one vertex of a tree as special,

and then such vertex is called the root of the tree, while the

Figure3 Three types of efficient trees when evaluation criteria is one onl\)/.ertlces of degree lina tr_ee’ _bUt not the_ rOOt.Of the tree, are
its leaves. A tree grapfi’ with fixed rootr is written asT,,
And then the set df;’s leaves is written ad.(7;). That is,

Recently, a mathematical model for evaluating the hier
chical organization quantitatively was proposed [2][3]. This
research demonstrated that the shape of the hierarchical organi- ~ L(T3) = {v € V(T})|deg(v) = 1, v # r}.
zation that maximizes the evaluation value of organization can
be trichotomized - as shown Fig.3 depending on the capachkgsume thatrox; - - - ;1 IS a path graph on a tree graffh
value of the members when number of the evaluation critetizen we write
is only one. According to Fig.3, the hierarchical organization
having only one evaluation criterion is an undifferentiated T(xo, k) = Ty Tho1.
organization.

In other_words, it is not differentiated into sgveral_ de_part- Writing = < y for o € Tu(r,y), we then define a partial
ments. This means that two or more evaluation criteria are " . . . .
. L e . ordering onV (7)), the tree-order associated wiffy.. This
required for an organization to be specialized. In this paper, . . . T .

. ! . . orijerlng will be considered as the expression “depth”z &

we propose a nhew mathematical model which defines interna . : .
oo o ., we sayzr lies belowy in T,., see Fig.4.
and external contributions for the organizations. Consequen%fy,
the evaluation function in the new model is adapted by the
sum of the contribution to the external of all members in a down-closure of z ..,
given organization. Here, the external contribution shows that =T
members’ behaviors directly increases and improves. However %,
the internal contribution involved in retaining and the survival
of firm is not directly related to the business of the organization
originally in a hierarchical organization. In addition, the old
model is compatible if the middle management in hierarchical : :
organization uses their own capabilities in term of internal iM%, up-closure of y
contribution.

depth

Figure4 =z <y in T}, down-closure oft, and up-closure of.

Il. MATHEMATICAL MODEL
We call

Suppose thaG = (V(G), E(G)) is a graph. Throughout
this paper, a graph is always finite, undirected and simple, [z] ={v e V(T})lv 2 a}
with ordern = |V(G)|(n > 2) and sizem = |E(G)|.

Foru € V(G), G — U is obtained fromG by deleting all and
the vertices inV' (G)NU and their incident edges. f = {v}
is a singleton, we writ& — v rather thanG — {v}. As above,

G — {e} andG + {e} are abbreviated t6: — e and G + e for )
e € E(G). the down-closure of and the up-closure gf in T’.. Note that

Foru € V(G), by N(u) :{U | {u,v} € E(G)} we denote the rootr is the least element, and that the leavespfare

the set of vertices adjacent g and calldeg(u) = | N (u)| the 1S Maximal elements in this partial order.
degree ofu € V(G). We refer to a path i = (V(G), E(G))  Suppose thal = {o1,02, -+ ,0,}(n > 2) and A(1A > 1)

ly] ={v e V(T))|v =y}

by the sequence of its vertices and write are finite sets. Throughout this papé&r,is interpreted as the
set of members of a given organization, which consists of
ToT1 - T 01,09, ,0,. And A is the set of the evaluation measures.
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For a givenX, we call (3, {¢;}:;c4) an evaluation system For a given organizational structure tf€g we assume that

if the value of the input for subordinatec N (o) with = >~ o is
N SR = cR S0 foriec A obtained by multiplying |Fs V\_/elghtu,m t0 fosin, see_Flg_.S.
¢ & @ } ! Therefore, the total contribution ef € X for the organization

We call ¢;(c) the personal ability o € 3 with respect to ¢an be expressed by

an evaluation measureec A.

.fn—)in Z Wog + fo—mutv
zEN(o),z>0
where
0<wey <1

foranyo ¢ L(T,),z € N(o),z > o and

1< Z Wep < deg” o. (2.2)
zEN (o), x>0

Figure5  Input (fo) and output(f, ,in + f»out) for o € =. Here for an arbitrarily fixed rooted treE. with V(7,) = X

ando € %,
In order for an organization to achieve its purpose to des” o — dego if o€ {r}UL(T,),
aim at, it is also necessary that appropriate instructions are 8 7= dego —1  otherwise.

transmitted to subordinates from superiors. Thus, for a fixed

organization treel,. with V(7,) = X, we considered that Putting

the value of the output of written by f,_,, is determined Z
as the interaction of “ability value of subordinatg¢s)” and
“accuracy of instruction from superiof,._”. In this paper,
it is assumed that the total outpyi_, for ¢ € ¥ become in (2.2). This case corresponds to the organization model
the value obtained by multiplying his own ability(s) to his Which o € X as superior instruct his/her subordinates in-

Wog = 1
zEN(0),x>0

input f,. as the instruction from his superior. That is dividually. Since this instructos € ¥ only assigns his/her
total amount of instructionf,_,;, to his subordinates, the
Joos = 0(0) X foe. organizational management of this instructor is inefficient.

On the other hand, this counter case,
Further, it is assumed that the outpfit, for o € ¥ can
be classified into the external outpyit_.,.; which works Z Wop = deg” o
on the outside of an organization, and the internal output zEN(0),z>-0
fo—in Which works on the inside. The formef, ,,.; is a . P
direct effort to be intended to achieve the purpose of trllré (2.2) implies that
organization by approach to the outside. On the other hand, the Wee =1 forany z e N(o),z > o.
latter f,_.in is an indirect effort to be intended to achieve the
objectives of organization by assisting his own subordinatésat is
relevant to its maintenance and management. As a result, both
of efforts contribute to the achievement of the purpose that foe = fosin fOrany z € N(o),z - o.
the organization aims at. However, in order to increase allov.iaﬁ

activities of the organization, the decision problem of whether IS case corresponds tq the or.ga.nlzqtlon mode| Wh'EhX.:
.as superior complete his/her indication to all subordinates

to put a big weight on either exteral or intemal output iz ith only one instruction. For example, the organization that
difficult at the individual level of the members. Throughou\fv y i bie, g

. . : intention transmission is performed only by meetings, this
this paper, the ratio of external outpiit .., and internal . . . . : .
output f,_.in is assumed to be constant regardless of the true. In this case, since an mternal_ output is proport_lonal

o=n to the number of participants of meeting, the organizational

members. That is management of this instructor is efficient. In this way,

external output internal output=a: 1 — « (2.1) Z w
oxr

for a € [0,1] and anyo € ¥. We call o the external output TEN(9)eme
coefficientand calll — « the internal output coefficient means an efficient of organizational management ef X.

For the subordinate € ¥ who received instructions from To summarize the above, for a given evaluation system
his superior, it is necessary to transmit appropriate instrucs, {¢;}ic4), @ rooted treel,. with V(T,) = X, 0 € X,
tions f,_.;, to his own subordinates as superior, whileas i € A and an external output coefficieate [0, 1], £ and
subordinate carries out the instructiofis_ o.:- foi denote the input and the output efc X, respectively.
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And [}, and . denotethe external and the internal Throughout this paper, we assume tHat’,}.cn(o)o50
outputs ofs € X for the organization, respectively. Then wdor o € X\ L(T;) is a sequence depending only dag* o
define the follows; andi € A. That is, foro,o’ € X\L(T}),
o— (ZS’L(O') T4 deg* o= deg* CT/
and
wi )1 if o =r (root), implies that (w!,,).en(o)amor IS @ permutation of
A p(g)gf;(;)%m otherwise. (Wha)seN()-o- Thus, for a fixeddeg” o and i € A,
‘ the selection that we can do is which weight to assign whom.
Where {w}, }ic A,zes\L(T,).yeN ).y~ dENOtE the weights We call the way of determination af weights’ policy For
fromz € ¥ toy € N(z) (v > x) with respect toi € A any weights’ policy, we assume thatdbg* o > deg* ¢’ for
in an arbitrarily fixedZ,.. And p(c) denotes the parent nodes, ¢’ € %,
(as superior) ot € ¥ onT,.
Under the assumption (2.1), we define i i ) i

ox; Z Wou, E A w‘mcdcg* o

gﬁ) = fo%zn + f —out

and
; 0 if o € L(T;) . .
(e _ T) i i
.= . !t > ’ / > ’
f""”n {(1 - Oé) z7—> OtherW|Se Worary = Worw w” T’ gog* o1
and ) . then( Ua:)xeN(a) T and( W gt )r 'eN(c’),x’ >0’ SatISfy
fa ) { (?—7) If o€ L(TT)
—out — i . . )
o—ou o g‘i otherwise w}ya:j < w;lx/j forj =12, 7deg* o
On a given rooted tre&;., we definec’s total contribution
Ft with respect toi € A anda € [0, 1] by For a given evaluation systert®:, {¢;}ic4), an external
o o . i output coefficientae € [0,1] and a weights’ policy, letl.
Fo2 = foliin Z Woo + fo s out- be a rooted tree graph with'(7,.) = X. Then, for fixed
zeN(0),z-0 weights {w,4 }+,. On T, we will evaluate the rooted treE,.

Here as organization model by

(I)(a)(TT) = (I)(a)(Tra {wostow) = Z Z f:imut

foranyo € X\L(T},),z € N(o0),z > 0,i € A and icAoes

1< Z w? < dego*.

N We call &) (T,) the ability value of 7, with respect to

(2,{bi}ica) for a € [0,1] and {w,y}o,. Under a given
Remark thatF™! = f>! . for o € L(T}), sincef", = 0 weights’ policy, we say thal’. is an efficient tree for a given
for o € L(T, ) “Therefore, for convinience of defini external outpt coefficient € [0, 1], if

for any o € ¥, we assume formally that

max max & (T)

> wi,=1 foroeL(T)) TET {wi,}
zEN(0),z>0
Then, for anyo € ¥ andi € A, we see that is attained byd(®)(T;.) for some{wzy} Here7 denotes the
set of rooted tree graph with’(T) = X and {w,} shall
fot < Fot be taken about all the possible combinations under the given

weights’ policy.
One of our interest is to find the efficient organization struc-
Z w', =1 foranyo e 3. ture treeT,. for fixed the external outpt coefficient € [0, 1],
or to find a pair ofo and7,. € 7 which maximize its ability

_ value. However, by the definition, it = 1 then we see that
In this way, this total contribution valug-® depends on the

in general and the equality is attained only in the case of

zEN(0),x>0

value of Y w!,. Therefore, we call dO(T) =3
zEN(0),z>0 ieA
‘ NZH Yoz for any weights’ policy. That is, whemx = 1, there are
weN(o).e-a obvious efficient trees only. Therefore, throughout this paper,
the efficiency coefficient of € X with respect toi € A. we assume that € [0, 1).
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I1l. SUITABILITY OF HIERARCHICAL MODEL The first setting is '
wh, =1
Firstly, we will show that this hierarchical model has dor any ¢ € S\L(T}), = € N(0), = o, i € A, which
suitability for a special case @fd = 1. implies the efficiency coefficient of equals todeg* o. That
is,
Theorem 1: Under a given weights’ policy, suppose that Z wi, =deg* o
T, is an efficient tree for a giveri:, {¢(c)}) and a given 2EN(0) a0

a € [0,1). Then we see that < y for 2,y € X implies for any o € 3 andi € A. Then we see that

P(z) > d(y). )
- . J(@ inFig6 if0<a<—,
Proof: For a given(X, {¢}) anda € [0,1), let T, be an efficient tree is bYin Fia6  otherwi 5

an efficient tree under a given weights’ policy. Assume that (b) in Fig.6  otherwise

x <y in T, and thatT) is the tree by interchanging andy
in T;.. Then we get

1 1 1
O(T,) — ©(17) Osf/x ) O/3i\40 O}K
> fout— Y. fiout 4 3 4
(a) ) (©)

¢~z ON T, =y ON T
(b

9(y) o
<1 o (jﬁ(x) Z fe—>0ut- Figure6 Various efficient trees.

L=z, £}y ON T,

Since we see thab(T,.) — (7)) > 0 by the assumption, thus The second setting is

we get wh = 1
7 degto
1- o) >0, for any o € X\L(T}), © € N(0), = = o, i € A, which
¢(x) implies the efficiency coefficient of € ¥ equals to 1. That
o is, Z w!, =1 foranyo € ¥ andi € A. Then we
which implies ¢(z) > ¢(y). [ | vEN (@) o
see that

Theorem1 is intended to satisfy the most fundamental o ) 29
image that we are holding about an organization. In this 4 efficient tree isd @ " F19-8 0 <a < -,
sense, our efficient trees are suitable for a hierarchical model. (c) in Fig.6 otherwise
Theorem 1 can be slightly modified as follows:

Corollary 2: Under a given weights’ policy, suppose that V. PRELIMINARY RESULTS
T, is an efficient tree for a giveX, {¢;}.c4) and a given
a € [0,1). Then we see that As previously noted, organization theory posits that in order
to streamline the management of a large organization, it should
bi(z) > ¢i(y) for anyie A be divided into several sections, as shown in Fig.7. When we

call a certain grouphe sectiorof its organization, two or more
sections must exist in the organization, and at least one of those
sections must contain two or more members. For example, we
consider that (b) and (c) in Fig.6 are not departmentalized in
this sense.

impliesz # y in T,.

IV. EXAMPLES

manager

Let us set® = {1,2,3,4}, A = {a,b} and put

da(1) = ¢a(2) = 4, $a(3) = pa(4) =1
op(1) = ¢u(2) =1/2,  $p(3) = dp(4) = 4.

/2,

Tuondas
ZUo1)99s
€U0I)I3S

For an evaluation systerf®, {¢;};c4) described above, we
consider two settings that only those weights’ policies differs Figure7 Departmentalized organization structure.
from with each other.
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Intuitively, if an organization that has several sections, asThe typical form of an efficient tree is a path graph and a
depicted in Fig.7 is effective, it is thought that each sectiastar graph. The general form of the most efficient tree which
plays with their own role. In other words, two or more evalutheorem 3 stressed is shown in Fig.9. The findings reveal that
ation measures must be required in order for an organizatithve upper-half is a path graph, and the lower-half is the star
to specialize. In fact, under some special assumptions whgnaph. Since these most efficient trees consist of only one
the number of evaluation measured = 1, we have proved section, see the beginning of this chapter, thus we found that
that the shape of the hierarchical organization that maximizéeey are not departmentalized.
the evaluation value of organization, can be classified into
three types depending on the personal ability values of the i
members, see Fig.8. We found that three types of appearing
herein consist of one section fundamentally, therefore these
are not departmentalized.

VI. MAIN RESULTS

I Figure9 General form of an efficient tree with4 = 1.
I In this section, some necessary conditions that non-
departmentalized organization is optimal will be discussed.
Through-out this section, assume that the number of evaluation
Figure8 Three types of efficient trees when evaluation criteria is only on?neasure$A -1

Firstly, we will examine what kind of situation would be

In this section, we will introduce the outline of preliminarye e will be examined if the structural tree of the organization
results of the above-mentioned. Through out this section, WEanch. For a giveris, ¢), assume that
assume that the number of evaluation meastwkes= 1, the T
external output coefficient = 0 and the efficiency coefficient Y ={01,09,-+,0n},
of o € Yis equal tadeg™ o for anyo € X. That is, its weights’ S'= {80,81, 50,8041, +504m} C 8
policy is the following. A
¢(o1) = Plo2) = -+ = ¢(on),
o1 - (1) = 9(02) (o)
~and
foranyo € X\L(T}),z € N(o), = = o. Note that under this
weights’ policy, we get O(s0) = -+ d(se) = P(se41) = -+ = (se4m)-

oO/(T,) = Z Z H o(v). Let us S (5o

i€ALEL(T,) vET (r6) 2 80,8041,y 804m )

For a given(, ¢) and its organizational structure tr, let P€ @ Permutation of associated with bijection map

us define 8= 8.
DEG,(T}) = {0 € %|deg*(c) > 2} . That is,s = m(3) € S for 5 € 5 and S = S. We assume that
The person who manages several sectionsZpndirectly d(50) > &(51) > -+ > ¢d(30),

always needs to be a element of DEG.). When the number . - .
) . ) ) > > > m)-

of evaluation measuré.4 is one, we claim that this set #(50) 2 (5e1) 2 -+ = (Setm)

DEG;(T;) has few elements and that such organization canréote thats, = 7(39) = so by the assumption. Let us set two

configure any sections. organizational structure treds, and7s, as shown in Fig.10.
Theorem 3 (Ikeda et.al.[2][3] ): Under the weights’ policy s 5
(5.1) and the extenal output coefficiemt= 0, assume that 0 0
T, is an efficient tree for a giveriX, ¢). Then we see the s 5 3.
followings. : ;3
(a) tDEG,(T,) is equal to O or 1. o
(b) Putting DEG(T,) = {x} when{DEG,(T;) = 1, then o) 50
we see that @7, (b) TSO

{yeX|y=axonT,.} =L(T,).

Figure10 Two organizational structure trees.
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For two organizational structure tre€s, and 7, with Since

V(T1) = V(Tz), let us define

a,t

Ts _ pot
ATl fa—mut - f(TGTQ —out f(TETl —out?

then we have the following for abovg,, and T, .

(I)(a) (Tso) - q)(a) (Tso)

{+m—1
g(J o S0 [
E A S s;—out + E A §;—out
=0 1=0+1

TS0 a
+Afg ( S¢—out + s“_m —out
S0

Lemma 4: For a giver(X, {#}), an external output coeffi- hus, we get

cienta € [0,1) and a weights’ policy, we assume that

¢(Un) > L

l—«

and
T.

AT:Z ( ‘?g—mut + Sprm—)out) Z 0.
Thenwe see that

3(T,,) > )(T,,).

Proof: Put
o(x) = (1 —a)p(x) for zeX.
Then, by the assumption we get
o(x) >1 foranyz e 3.

Together withw,,z;, < 1 and

{317827"' aﬂ—_l(gi)} 2 {517527"' >§Z}
forie {1,2,---,¢—1}, we see that
AL fe

Tso §;—out

= ag(so) 11 é(0)
o#sg: 0=338; in Tsq
~Wso5, H 5(0)
o#sg: 0=§; in TSO
> 0
forie{1,2,---,¢0— 1}, which implies

50 «
E A g Si —)out

Together W|thA ) =0, we have

{—1

TSO a
E ATS fgi—mut Z 0
i=0

Similarly, we have

{4+m—1

50 «
§ A A 8 —>out

i=0+1

ISSN: 1998-0140

(b(a)(TSO) - q)(a) (TSO) >0

if ATSO ( «?Z—mut + Sz+m—>out> Z 0 holds. n

Lemmab: Suppose thdl, andfSO are the same as lemma
4. For a given an external output coefficiemte [0,1) and a
weights’ policy, we assume that

b(on) > ——

T 1l-«

then ®(®)(T,,) > ) (T,,) holds.

Proof: By lemma 4, we have only to show

Ts, a
ATSO ( S¢—out + sz+m—>out Z 0.

Without loss of generality, we assume that,) > & (Sp1m)-
That iSSy1m = Se+m- Then we see

Ts
s0 167
ATSO ( Sp—out + 5g+m—>out>

= ag(so)d(s1) - (;i(ég) + ¢£50)<;(51) c O(Bem)
—Wgy5, ¢(80)¢(§1);' - 9(50) B
~Ws5041 P(50)P(Se11) -+ - B(8e4m)

= ¢(s0) [045(81%(32) - ¢(5¢)
4 m
+ (H 5(51) - w5051> (H $<§Z+i) - w80§z+1>

. 2 :
Since¢(s,) > T—a by the assumption of lemma, we see
—

é(0) > 2

holds for anyo € X. Together withw, s wsyz,,., < 1, we

have
4 m
H (b(gl) — Wsp 3, H (b(gf-i-l) = Wsp3p41
i=1 i=1
_wso§1wsU§¢+1 Z Ou
which implies
Ts
Afsz ( g%out + s/+m~>out)

> ag(s0)d(s1)(s2) - B(5¢) = 0.

Thus, we get lemma 5. ]
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We will be extended lemma 5 to the case of
deg* sg = k > 3.
For a given(X, ¢), suppose that
¥ ={o1,02,- - ,0n},
{s € N(so)| s> so}t ={51,50,41, " s80,_,+1}s
Si={8 41,8, CY for ie{l,-- k},
if i+ 7,
¢(o1) > ¢d(o2) > -+ > ¢(04)

SiﬂSjZQ)

and
(rb(géq,—l"rl) > ¢(§Zi—l+2) > 2 (,25(5@1)

forie {1,---,k}. Herely = 0. Let us set
S:S’:{So}UleJSQ
and put putl,, and TSO as Fig.11.

0
S‘Ag‘k Sb%os" o
8, : ~
R S, = S 3 ., &
8[2 :.’ o L3 '.Os[k éloo‘ o Slz '.o Cx
o
(@) T, (b) T,
Figurell Two organizational structure trees.
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and

for i€{2,3,--- ,k}, (6.3)

w8082i+1 Z wSoSeiJrl

By (6.2), lemma 5 and the assumption of lemma 6 , we get

a
o—out

o>s1 in Tsq
Z Z g—mut + Z g—)out' (64)
or3 N Ty, or5e 11 IN Ty,
And by (6.3), we get
Z 3~>out Z Z gé*)out (65)

oxse,41 IN Ty oxde,41 IN Ty

for i € {2,3,---,k}. Together with (6.4) and (6.5), we see
that

(I)(a)(TSO» {wSUS}S) > q)(a)(fsm {Wsps}s);

which implies lemma 6. ]

By using lemma 6 repeatedly until leaves become one, we
obtain theorem 7.

Theorem 7: For a given evaluation syste(®, {¢}), a

Suppose thafw,s fsen(so),s-s, are weights froms, to their - given weights’ policy, suppose that € [0,1) denotes the

subordinates iff’s,. Without loss of generality, we can assumexternal output coefficient and that = {01,090,

that
68051 < ESO§Z1+1 << wsogzk—1+1 (In TSO) : (61)

Then, we have lemma 6.

Lemma 6: ForT,, and TSO in Fig.11, we assume that

2
d)(an) > 1—o

Then,for a given an external output coefficiente [0,1), a
weights’ policy and the weightSs, s }se v (sq), 55, With (6.1),

we see that

max é(a)(TSm {wsests) > @(a)((fs()’ {(Wsgs}s)-

{wsgsts

Where {ws,s }sen(so),s-s, are weights froms, to their sub-

ordinates inTy,.

Proof: Suppose that

Wsgsqy S w50§142+1 S e S w50§gk_1+1 (ln Tso>~

Then, by the assumptions of weights’ policy, we see that

(6.2)

Wsgsq Z w50.§21+1 Z Wsg 5,

ISSN: 1998-0140

b Un } .
Assume that

d(o1) > ¢d(o2) > -+ > P(on) > 1Ea

(6.5)

hold, then we see that an efficient tree is the path graph in
Fig.12.

Figure12 An efficient organization structure as a path graph.

Theorem 7 show that an organization with a hierarchical
structure is not suitable for members with high ability in sense
of (6.5).

The following result means that the individual evaluation is
not suitable for any path type organization.

643



INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES

Theorem 8: For a given evaluation systéi, {¢}), sup-
pose thatT’. is the path graph in Fig.12. Assume that

¢(o) > 1 Lo} (n > 3).
Then we see that
BN(T,) > ®N(T,) fora>f.

foroc € ¥ = {01,009, -

Proof: Since
2> fe . forany ke{1,2,---,n}
we get
F3sout = o sout

= (ﬁff,ﬁ— -« gm—) d(ox) > (B — a)fgk<—¢(ak)~
Fora > g3, put

Ak:(af/@)d)(o—k) (‘7);<— for k€{1727 7”71};
then we get that
O(T) — @N(T,)
n—2 n—i—2 it
> YA Y =) ] 400
i=1 j=0 l=it+1
+(1 -8 I éloe) 1
l=i+1
n—2 n—i—2 ) _
> Y A D Bu=pY +(1-p) -1
i=1 §=0
= 0.

By theorem 8, we have the following directly.

Corollary 9: Suppose thaf’,. is the path graph in Fig.12,
then we see that

dON(T,) > ®(T,) forany a e [0,1).

VIl. CONCLUSION

Volume 9, 2015

hierarchical type, it is necessary to employ multiple perfor-
mance evaluation measure.

Theorem 8 and its corollary 9 imply that the most efficient
external output coefficient for members with high ability in
a path type organization is zero. That is, an individual's
action in organizations which stress individual achievements
as important is contradictory to make whole organization
maximum.

ACKNOWLEDGMENT

The authors are indebted to the anonymous reviewers whose
creative insights to the problem of model buildings have
opened up our minds. An earlier version of the paper was
presented to the international conference on Pure Mathematics
and Applied Mathematics (PM-AM2015) in Vienna, Austria.

REFERENCES

[1] Alvesson Mats, "A Flat Pyramid: A Symbolic Processing of Organiza-

tional Structure”, International Studies of Management and Organiza-

tion, 19-4,5-23,1989/1990

S.lkeda, "An Efficient Structure of Organization”, International Interdis-

ciplinary Workshop on Robotics, Ecosystem, and Management,pp.72-78,

2010

S.lkeda, T.lto and M.Sakamoto, "Discovering the efficient organization

structure: horizontal versus vertical”, Artificial Life and Robotics, vol.15,

4, pp.478-481, 2011

[4] A.Brown, "Organization of Industry”,1947

[5] Krackhardt David and Jeffrey R. Hanson, "Informal Networks: The com-
pany Behind the Chart”, Harvard Business review,71-4,104-111,1993

[6] P.R.Lawrence and J.W Lorsch "Organization and environment: Manag-

ing defferentiation and integration”, Harvard University, Boston M.A.,

1967

Reinhard Diestel,"Graph Theory(Third Edition)”,Springer,2000

(2]

(3]

(7]

A non-departmentalized tree graph as organization structure
is not a substantial organization. Thus, when the evaluation
measure is one, theorem 7 show that an organization with a
hierarchical structure is not suitable for members with high
ability in the sense of the capacity value of the individual is
sufficiently large.

For example, in the organization which considers individual
achievements more important, its members should take focus
on increasing their own external output coefficients. There-
fore, in order for the organization which considers individual
achievements as important to maintain the organization of a

ISSN: 1998-0140 644



INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES

Satoshi Ikeda(Ph.D., Hiroshima University) is Associate Professor of mathe-
matics and graph theory in Faculty of engineering at University of Miyazaki.
Previously, he served on Tokyo universuty of Agriculture and technology.
He has published numerous papers in refereed journals and proceedings,
particularly in the area of application of graph theory, probabilistic algorithm,
fractal geometry and measure theory.

Tsutomu Ito (Master of Engineering, Yamaguchi University) is Ph. D. student
of Production Planning and Control in Division of Electrical, Systems and
Mathematical Engineering at Hiroshima University, Japan.

Makoto sakamoto (Ph.D., Yamaguchi University) is Associate Professor of
image processing and automaton language studies in Faculty of engineering
at University of Miyazaki. Previously, he served on the faculty of Oshima
National College of Maritime Technology (ONCTMT, Japan). He has pub-
lished numerous papers in refereed journals and proceedings, particularly in
the area of Turing machine, automaton theory and image processing.

takao Ito (Doctor of Economics, Kyoto University; Ph.D. of Engineering,
Miyazaki University) is Professor of Management of Technology (MOT)

in Graduate School of Engineering at Hiroshima University. Previously, he
served on the faculty of Ube National College of Technology (UNCT, Japan)
where he teaches courses in Information System Theories and Corporate Orga-
nization Theories. He is serving concurrently as Professor of Harbin Institute
of Technology (HIT) at Weihai, China. He has published numerous papers
in refereed journals and proceedings, particularly in the area of corporate
management, IT strategy, and computer science. He has published more than
8 academic books including a book on Network Organizations and Information
(Japanese Edition). His current research interests include automaton theory,
the MOT and quantitative analysis of supply chain relationships using graph
theory, theoretical analysis of the relationship between IT and corporate
strategy, and engineering analysis of organizational structures using complex
system theory. He was one of the winners of the Best Paper Award in the
International Symposium on Artificial Life and Robotics (AROB) in January
2006. Dr. Ito is one of the associate editors of the International Journal of
Advances in Information Sciences and Service Science, associate editor of In-
ternational Journal Robotics, Networking and Artificial Life, and the member
of editorial review board of International Journal of Data Mining, Modeling
and Management and Information and Communication Technologies for the
Advanced Enterprise. And he also is the Assistant General Chair of the
International Conference on Artificial Life and Robotics. Dr. Ito earned his
Doctor degree of Economics from Kyoto University and Ph. D. of Engineering
from Miyazaki University, Japan. Dr. Ito is a visiting research professor of
School of Management, New Jersey Institute of Technology (NJIT) from
March 29 2008 to March 28, 2009.

ISSN: 1998-0140 645

Volume 9, 2015





