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Abstract 

h出ispapeれweprovide an eva1uation method for bo出:the marketable quality and the profitability. We define the co中orationrate 
of operation and profi凶 ility.B踊edon白白edefinitions， we present a model to identi守山eprofitability function considering the 
rate of operation at the break-even point. This血nctionis considered as the marketable quality indicator from the viewpoint of a fair 
relationship betw田nproducers and consumers. Then， we apply曲e陪alvalu回 ofsome leading manufacturing corporations in Japan 
句 ourproposed model凶 analyzeits acc町田y.Wepr宙開.teda也即時“ca1dis甘ibutionof protitability by the proposed pro自tability
function and the thωretical dis出butionof marketable quality indicator. We vaHdated the proposed model and showed由atthe 

proposed model giv儲 agood approximation ofthe economi回 1tren也ofJapan回ecorporations. We verified白紙theぬir問l凶onship
is a better considered relation白anthe unfair問:lationships.

(tixed costs) be F， ， i = 1，.・.，m.The cosωare divided泊旬
也e伺.pacitycosts and activity∞sts by血eso町田 oftheir 
伺 C町間nce[4]. They a陪 classitiedinto tixed costs and 
variable costs based on血erate of operation or volume of 
operation. The capacity costs and tixed costs， and the acti吋ty
costs and variable costs are almost the same， but the 
classification viewpoint is different. The n民健組ry回pacity
(山eto凶 n回目担rylime of operation) of proc回 5i is鎚釦med

ωbe1';組dthe marginal protit which is凶 c凶a凶路島

value of sal回 minusthe variable costs (activity costs) is 
出sumedto be M. 
百lepotential variabl白色rquality evaluation on the 
consumer side are部品目ows.百lereis a minimum req凶red
level to purchase a product considering a sacritice (price or 
fee) from the c凶1Omers'side related to the q田Iityof products 
or舘rvic凶匝venby a corporation.百1US，any quality level can 
be quantitied theoretically by comparing with the minimum 
passing level. Therefore， we consider the minimum passing 
po凶旬bePo and other levels are considered as P. 

2.1.2 Rate of operation indicator 
百e阻t匂eoぱfo叩pera涜凶蜘“ω伽o凹叩nof a corporatio民β ， is expressed 泊Eq. 
(1)路theaverage value of出erat由民・Thecapacity cost F， 

valu田 are凶 ed田 weightsfor each proc回s[2]. 

β =~ßI~/苧=不λ/F 、.. 
，
 

•••. 
，a
‘、

Hence 

Pi = 1';/1'/， 1; = F;j1't， F = LF， ，i = 1，.・.，m

1. Introduction 
The ∞.rpora“on profitability is concep知allyconsidered旬 be
a function of two variabl儲 q凶1i飽tiveand quantitative 
aspects. 
The br回k-evenpoint ratio expre錨edin the follow血g
eq回，tionis used邸 anindicator回latedto profitab凶ty旬
m回 5U毘 thedegree of回fetyagainst a risk of loss. 
Break-even point ratio = sal白紙曲ebr回k-evenpoint I sal回
= Fixed costs I (Sal国一variぬlecos匂)

This indicator is b邸 edon也eprofit graph presented by 
Kn∞ppel [1]. Anoth町 protitabilityindi回tor(relative創mual
profit) has b田nob包ined昔。mthe rate of operation and也e
m旬ofoperation at the break-even point [勾.
Relative annual protit = Rate of operation I Rate of operation 
at the break-even point = Marginal profit I Fixed co拘
As can be seen，白isis an inverse numb町 of血ebreak-even 
po血tratio. We consid町出erelative annual profit回 a
profitability indicator 面白iss旬dy.We define the m町民飽ble
quality based on the quality aspects of products and s町vic邸
provided by co中ora“ons[3]. In order to increase protitability 
by enhancing marketable quality， the obj田tiveof也ispaper is 
to provide an evaluation me血odfor both: m釘ketableq凶 lity
and profitability. In general， in some c師自由釘eis a trade 0首
relation between marketable quali世yand profi飽bility，but in 
o血町伺S回 thereis not. Therefore， it is祖国:portantproblem 
to be considered how 10 increase the profitability by enhancing 
m町ketableQ¥脆Iity.
The paper is or.伊 uzed路島1I0ws.In the next s田tion， we 
present a the proposed model. In S田tion3， we give由eac加al
也taof manufac畑出.gco中orationsin Japan and derive an 
旬onome釘icmetl凶 ology.In S田tion4， we evaluate the 
propωed mode1. In S邸 tion5， we discuss也erelation be何回n
labor productivity and relative annual protit. In S民話on6， we 
give some conclusions. 

Eq. (1)回nbes田n出 adegr田 of凶 edωpacitycos低While，
血.erate of operation of the manufac組出19ind凶 tryin Japan is 
国語matedby白eMinistry of Intemational Trade佃 dInd凶 try
(MITI) and the Economic Planning Agency [5]， and the 
Mini抑yof Economy， Trade and Industry [句.The weighted 
average valu国 arecalculated by凶泊.gadded valu白 oftherate 
ofo戸rationfor回 chitem which are consider吋邸indicatorof 

悦附 of叩eration.Estima凶 valuesof出e附 (β)of 

O抑制onfor回chy回rareshown泊Table1. 

-37一

2. Proposed Model 
2.1 Basic variables and indicators 
2.1.1 Basic variables 
Weconsid町也efollowing b踏 icv町iablesfor our model. If a 
certa祖 co甲orationconsi向。fm kin也 ofproc信託S or 
divisions for a c町tainp回od， we∞nsid町 the回.pacity(total 
available opera也19time) of proc田s; be 1';c， and i岱∞拘
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15186 15187 15188 151851 151伺 151511 1m 151513 151!14 E野§ 15151唱5 1m 1抑8

GVALP 51，774 10，251 11，540 12，378 12$79 12，550 11，887 11，4却 11，個5 12，5舗 13，534 13，6ω 11631 

CER 10，制3 11，1351 11，657 1l，455 13，5価 14，474 15，411 15，!1l5 15，!181 16，441 17，027 17，6甥 18，311 

GVAEP 512.18 見.08 518.抑 5151.38 !l6.10 86.初 77.13 71.78 73.11 76.38 751.48 円'.36 紘"

ROI 3.87 4.80 6.17 6.13 5.55 4.l8 2.!18 2.35 2.8l 3.57 4.16 3.制 2.68 

RPS 3.74 4.70 5.指 6.13 5.63 4.36 3.151 2.62 3.12 3.93 4M  4.15 3.11 

r 1.128 1.1551 1.207 1.214 1.198 1.154 1.1051 1.087 1.1∞ 1.127 1.146 1.135 1.ωs 

EaUI:凶，ted 押.仰 76.551 
β 

81.押 回a 85.55 83.62 76.451 72.抱 札価 73.77 74.l0 押'.34 71.34 

AGAV 18，373 29，407 32古賀M 35，1踊 37，48!1 33，580 32ザ451 31，3但 32，115 33，5“ 35，077 34，512 31，1釘

AFC 37，4回 却，，!128 41~η9 45，075 49，144 必，922 4ω81 45，301 47，8l1 柑，404 却，開6 鈍，631 48，633 

A aω6 0.574 0.舗E 0.569 Q.596 0.628 0.622 0.617 0.5516 0.581 0.565 0.6伺 0.592 

町β》 79.48 77.71 押.伺 77.44 78.93 80.68 ω.36 制.08 78.93 78.11 77.22 79.15 78.71 

1986-90: 912ωrporations， 91-93: 1049 &:0申。ratfons， 94・，98:1064ωrporatfons， 

Wethink血atit is nl民国担rytoch田k也ecorrel凶onbetw田n
也m ∞nsideJ加.gthe chang国 ofadded va1u回 andcapacity 
costs for伺chy，回r，when we apply th田edata to 0町 approach
昔。m也e恒d凶住ialand∞中oratevicwpo泊ts.百le∞中omtion
Average Gross Added Va1ue (AGAV)姐dAverage Fixed 
Co拘 (AFC)伽回chy'即 [ηshow伽 t也ereis a high 
pωitive correlation (1∞，rre1ation c白血cient= 0.721) betw悶
them. For血isreason， we伺napply the data of也erate of 
operation in Table 1旬也.ecorporation rate of 0:戸ration.

2.1.3 Profitability indicator 
官le泊.dica'旬rr旬間組員ngrelative annual profit only in the 
time dimension can be obtained回白llows[2]. The ratio of 
marginal profit旬 n田健姐ryω.pacitycosts is defined邸 the
follow担gmar匝nalprofit rate. 

r=ザ字以 。)
百leinverse number of r.α.isthem泊加umutilization 
rate of the回Ipacitycosts (血eminimum rate of operation) 
問凶凶句 covercapacity∞蜘Fat the mar酔181profit 附
r.1f由em加泊四回pacitycost r珂uir吋加 coverF is凡・
也eαcanbe伺lculated邸側lows.

α=手=~T，h/M 。)

This司uationcarl be obta泊edby using the follo訓ng
伺uation.

(ザ字以)凡=F

τberefore，也eg田eralre凶 vepro自助ilityr can be m回印刷
by the ratio ofβtoα. 

r=P=M ---
αF  

(4) 

百lISpaI沼田eteris∞nsidered白血e回:lativeann凶 1profit. 

2.2 Marketable quality indicator 
Tbe血，di伺.torP is impossible to be凶叫腿 aneval凶 tion

担dica旬r旬 compare也eq凶lityasp田tsof corporations. In 
o吋町旬builda quality泊di回句r旬compareproduct quality of 
corporations， we combine P wi血姐meand costs con田ponding
ぬit.By combining point P wi血time阻 d∞民s，也.em泊泊.um
pas阻gepoint九 isconsider吋 apoint at which a full∞st is 
j凶tcOVeJ吋by阻I倍.That is， at this po泊t也efixed co鋭sare 
j田tcover吋 bymarginal profil百ism伺凶也eeva1uation of 
the凶凶mump槌伺.gepoint Po is based on也e回，pacity∞鎚

路 inputand m町仰alprofit邸 outputfor a c町凶nrate of 
operation B (0 < B S 1) and伺.pacitycosts p町 rateof 
opemtion F I B [8]. The paramet町 Bis也erate of operation at 
the break-even po担.t， when白 productionis made at血e
凶凶mump鵠担.gepoint P = Po' 

If marginal profit incre踊伺泊 propo国on旬也eevalua凶
point P，也.em町'ginalprofit V伊，β)at出eevalua凶 pointP

and也era句βofopemtion is compu凶凶品目。鴨・

Y(Rm=FZE 
PoB 

(勾

百lem町民nalprofit Eq.σ) on也e∞甲omtions'side pl凶也e
variable ∞拘 isconsidered副首leprice (fee) which the 
coosumers should pay 何回fice).By considering也einput 
(cos包.)indi回torcon首pondingぬoutputof the eva1uated point 
P恒Eq.(5)，we obta泊Eq.(6)出品目ows.

Input (cost) indicator =互n (6) 
B' 

百lerefore，the relative va1ue of P can be obta担edby the ratio 
of output indi回.torEq.(5)句也.econditiona1 input indi回，torEq.
(6) und町 themte B of ope岡山n.

ω，oditional re凶 vevalue= p/Po (η 
However，也.erelative va1ue ofEq. (7) is possible only betw悶 E
∞rpomtiODS having the same B. 
It is VI釘ydi節c叫t旬 obtaina common qualitative indi回旬r
for all co中omtions，血e問foreit is nec信組ry加 C創tyout a 
more general comparable eva1uation for血eq回1itativea甲田ts
ofcol抑制ons.Wed回lwith血isproblem白色llows.For a 
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certain corpo1'8tion and for a certa也阿叫 apoint (β，r) 
for回chvalue ofβand r包∞nsidered.Tb町田i拘 a

加 :ctionベβ).百e制 ofpoin抱 (s， r ) which can 
也旬開討伺llyexist is∞nsider吋 ωbeR，創叫we∞，nsideral鈎
another町twhich is assumed旬 beQ (Q is a subset of R). If 
血eprice伽 ction(relative annual pro:fit pぽ凶tat批蹴 β

of句erationis co:凶 d耐 relativepri回:)is expres副首 u(P).
a11 points in the set Q are加cluded血thefo11owing eq田討on.

r(s)=u伊)β(8)
The price function can be consid町同国 afair rela凶onship
when a 1'8te of pro:fit increas儲 due句 anincrease恒也.e1'8te 

βof叩eration(必p))(pro:fit on the叫 o1'8tions'sid吋
ds 

制御蹴 ofreduction恒也e旬凶 pri回(-R生盟)
，- d，β 

(pro:fit on也ecus旬mers'side)釘宮崎凶.τbiscan be ob包担d
by solving the fo11o叫ngdifferential問団tion.

du(β) 
2βつ房一+u(β)=0

u(β)=cJJP. C:泊t伊.tioncons凶 (9)

There exist pri白血nctionswhen白erate of pro:fit旭町田seand
the rate of price r凶uctionare eql凶 lwi也担aregion where the 

integration∞田tantC is a positive number. An incremental 
pro:fit and a r吋.UC証on面白e旬飽1price on a reasonable priω 
fun伽 1at tbe 1'8teβof operation are bo也侃pressedby the 

following町田tio札

r(β) = (也~p= f~ーβ生島β=c.JP (10) 
Aリ喧 JO AH  

Eq. (10) shows a fair relationship betw関ntbe relative annual 
pro:fit and the 1'8te of operation. If也erate of operation at the 
break-even point where :fixed co拘(回pacity郎防canbejust 

m 側 byan incremen凶 pro:fitis consid制 tobeβ0・
from Eq. (10) ofrelative annual profit， we obta担印刷low恒g
form叫回.

r(β) =~P/ PO (11) 

0< Po:s;;t (12) 

By Eq. (11) and Eq. (12)， we classify 也e po泊t
(β， r)e R by considering Po as a relative profi帥 ilityof 
也equalitative asp伺t昔。mthe viewpo也tof fair relationship 

betw悶 βandr凹.百evalue of Po is飽lc叫a凶 by
follo悦ng伺回tionby田恒.gEq. (4) and Eq. (11). 

po=a/β=β/r2 (13) 

The Po is rela凶句 vari油1国 P.Po and B， and alsoβ. 
From Eq. (5) and (13). we get the following何回.tion.

PO ; (Po2 s2)/(p2β(13')  

In fact， it is di缶c叫t旬伺lc凶ateEq. (ηand the 1'8te B of 
operation， but it is po羽bleto cal叫蹴 rby 1'8tio M/F 

using Eq.併).Also. it同州le旬叫叫蹴 Pousing Eq. 
(4) and the 1'8teβof ope1'8tion. 

B悶 .usepo泊t(β，r )eR∞π珂 on也旬po凶 (β。.P)，it
is possibleωm回釦m血epro:fitability function consisting of 

two variabl偲:β。凶 β.

r(β~.p)= [iii瓦 (11')

3. Data of Japanese Manufacturing Corpo・
rations and Econometric Methodology 
3.1 Actual and theoretical standard values of 
marketable quality 
Let凶 1∞kat Table 1 to s関 howthe proposed marlce也ble
quality indicator approacb田 thereal valu田.For the period 

from 1986旬 1卿， β'0shows major fluctuations. This阿叫

includ田 theperiod of tbe bubble economy of leading Japan回e

manufac山 .gcorpo1'8tions. The av叩叫ueof Po for 
由討旬開y伺 rsw出 0.593.

R畑出[10]presented the制 o叫ngapproachωget the 
th回reticalvalue. To :find也emarketable quality泊di回旬r

Po. it is important ωco凶 der也ediffi叫 tyofprod叫 onon
the producers・sideand the鈍cri:fi閃 on也e∞田umers・side.
百esmall町 isthe Po value (from 1旬的 inEq. (12). the 
great町 is也eincrem回凶pro:fit泊Eq.(11) (which is句凶lto
a 凶 uctionin the旬包1price for any 1'8旬 βofoperation). 

百eincrease of the mar百nalprofit (increm伺凶 pro:fit)

by PO is d白凶.ble晶r加由也eproducers' and也e∞nsumers'
sid錨・ IfPO is small，出emarginal profit包high.However. 
when Po is sma11. it is more di缶cu1t旬 realizetbe 
marlcetable quality on the producers' side. The鈍cri:ficeof也e
∞nsum釘ダ sideis equal旬也e恒.cremen凶 pro:fiton也e
prod∞ers' side. When也edegI田 ofdi館cultyon也e
producers' side at which PO is reali剖 is恒抑制onal
relation wi血血e恒cremen凶 profit，血.enbo也 are泊 afair 
relationship. This m飽出血a1，血edi筒cultyon也.eproducers' 
side is rela句dwi也也e鎚cri:ficeon由e∞nsumerピsideand 
vice-versa. It should be noted曲atthe degr明 ofr田lizing
β~ is in the inverse proportional問lationwi血 thesize of批

祖C回mentalpro:fit in Eq. (11). As田町出 isthe degr四 of

realizing PO • 出e greater becomes the possibi助 ωrealize

m枇 etableq叫 ty.百.erefore.in the ca民 whenPo is a 
value wi白血therange of Eq. (12)， i包prob曲出tydi鈎ibution
U剖泊d叩叫entlyfromβ 面白色>110'叫ngway. If the 

prob油ility由郎ityfunction ofβ。is邸 umed旬 be/(so)' 
its value is obta担叫錨伺国語on(14) by using Eq. (11). 

IPo / rl IPo JD  _.  " fD (14) f(β~) =，，1守 1[，，1与dPo; 1.5..)10 
U' V P / JOV 1 .-.. 

Therefore，也.eexp民 tationof出em創ke旬blequality回diωωr

PO is obtained by Eq. (15). 

E(β。)=J~Pof(β。)dPo; J~ PO (1.5~瓦)~β。 ;0.6 (15) 

By出sexp蜘剛山蜘制叫ueof PO can be誠
司副知 0.6.The也印刷cals凶 dard叫 ueof PO nearly 
agrees with the average 0.593 of PO in Table 1. 
3.2. Relationship of marketable qu剖ityand 
relative annual profit 

We obtain the relation between PO and relative 棚田1
profit r considぽ血g由e出回制ω1standard value of血.era句 of

operation for any Po邸 a阿 ameter[9].
The diffi叫 degreeto realize血erateβof operation for 

伺 chPo泊Eq.(11) exc剖町出.ebreak-even point ('訓thin
the range of PO Sβ壬1>泊泊propo同onalrel凶on加血esize 
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of也eincremen包1profit in Eq. (11).百leprobability density 
伽略語onofβ 泊obtainedby Eq. (16). 

f(β)=~Po/ø/ J~ $0万dP=t(1-#oN万}-I
百lerefore，the exp田tationofβisob凶nedby Eq. (17). 

Eω= I~o P f(め小j偽+.J7i:+ 1) 

(16) 

(1η 

百eE(β)canbe蜘 blished邸也e蜘削回1蜘 dard
value ofβat Po .百m伽久也es凶也吋 relationship
k同問自.emarketable q叫ザ i叫回torPo凶 relative
m 叫 profitr泊 d国 vedby Eq. (18)， where E(β)お

∞nsidered回 a伊rame旬r.百ler value can be ob飽泊edby 
pu凶ngEq. (17) inωEq. (11). 

r=[ 1 ーβ~~瓦 f'S
-13(l-~瓦)β。 j

(18) 

The r value and its泊cremen凶 rateinc時間ewi白 the

decrea田 ofβ0・This時間耐 agradl凶 incre錨e血

profitability (田知rns)by improvement ofmarketable quality. 
Ino吋erto m回sure也ee自民tof profitability of marketable 
q国 lity，it should be considered白紙whatlevel of profitability 
伺 nbe achieved by the s箇ndardmarketable qua1ity. This value 
is obta担叫槌 shownin Eq. (19) by国泊gEq. (18) and 
m 蜘 ingthe蜘 dardmarketable qua1ity PO = 0.6 
r = 1.1486 (19) 
In following， we obta泊theva1ue of marketable q田1ity.The 
distribution of r伺nbe ob旬並叫槌 shownin Fig.l， by 
transform泊IgEq. (18)旬 Eq.(20) and applying曲isvalueω 

thedis住ibutionof PO in Eq. (14). 

po={1+応 r
2(3r2 -1) 

(20) 

Then， the偲 pectationof r is th悶悶6回lly回lc叫ated路
島llows.

E(r)=lrwf偽)dPo 。1)
1.5 r1 __ r.::-
=石L(1+JA+A)05dA=1.2ω

Therefore，也eetTect泊 thes加ldardvalue of the gradual 
increase of profitability dueωimprovement of marketable 
qua1ity can be m閣制吋 by也.eprofi助副tyEq. (21) m祖国
profitability Eq. (19)， i.e. 0.116.τbe target value of 
m町ke帥 le明a1ityfor this e町田tis β。=0.437・

駒四F回q

骨』

0.1 

1.0 3.0 

Fig.l. Thωretical distribution of profi旬bilityr. 

3.3. Analysis of profitability 
We analyze由el明 1si加凶onin Japanese corporations and 
show the a∞山富cyof血eproposed model wi由 realda匂 of
manufac加ring∞中orations[η. 
Let凶 co凶 d町血em町ke帥 lequality indicator Po of也e
m姐 ufac加血Igind凶tJY泊 Table 1 and show how the 
th∞削伺1standard value 0.6 retl田tsthe reality. After .1991 
during the bubble economy，血eprofi旬bilityr had b田nat low 
level， but the marketable q凶 litywas improved. The rea釦nis
出at白erate of operation w路 high町也anits s凶ldardvalue 
before 1991. But， the rate of operation is lower than the 
standard value after 1991. This problem happens be回出e
considering也edemand and supply si佃ationfor a y'伺r，when 
the capacity of demands and supplies is balanced at a value of 

Po (which岬 resen包 a開凶 marketablequality level)， 
the producers・side組 d曲econsumers' side are ∞ncep加ally
eq四l泊 themarket. The relationship between demand and 
supplyω.pacityωn be肱四回 thera句 of0抑制on.百le
s凶血rdrate of叩erationis compu凶 basedon the fair 
relationship. n悶 efore，when the ac同alrate of operation is 
伺ualto也e説血血吋rateof operation，血.econsu田町demands
組 d血eco中orationcapacity of supply is co田 ideredωbe泊
balance. As a l四ul1，when the ac旬almte ofop釘凶onis equal 
to the stan血rdrate of OpeJョtionfor the ac卸almarke旬.ble

q叫抑伽旬r叫 uepo'曲ep帥 cers'削除∞nsumers'

sides are in an eq凶 1問:lationship.When the actual rate of 
operation is great町白血也e凱血dardrate of operation，也e
pr凶u回ば sideis泊 advan匂原沼田 positionand when也e
s飽ndardrate of 01湖沼tionis gr田t町也an血eac旬alrate of 
operation，白econsumers' side is泊
Let us now see御前刷a1蹴 (β)of叩erationand血e

S回也吋rate但(β))of operation in Table 1. The prod凶 d

side and也econsumeば sidewere n伺r1y泊何回1position in 
也eperiod量。m 1986句 1987(before the bubble民onomy).
The producers' side was in advan陶酔0凶 positiond町恒g也e
bubble回onomy(from 1988ω1991)， while the ∞.nsumers' 
side was in adv姐 .tag，回国po:剥 onfiom 1992ω1998 (aft町 the
b¥必bleperiod). Therefore， in釦cha si旬副00， it is important 
血atthe corpora討onsneed to inl町田se也erate of operation by 
reducing回.pacitywhile mainta血血gor impro叫D2marketable 
quality. 
We evaluate the e町田tofprofi飽bilitygradual in町田sedueω
也e improvement of marketable quality of Japan回e
manufac凪ringco甲oratioDSconsidering Figure 1. In Table 2， 
血eaverage value of r wi也 conditionr註1becom国首le

average value of r in the mnge of“any Po ~ β"・四国，也e
e古田tof average gradual increa鑓 ofr due to the reduction of 
Po can be calcula附田“theaverage value of r 羽白
∞ndition of r ~ 1"凶n凶ヤ血Eq.(19)". In Table 2，也emnge
where也edis凶butionof r回出自由 thecondition of r ~ 1 is 
1 ~r < 2. While， the由旬陪6伺 1average value of r白血emnge
of 1 Sr<2 is伺 lcula凶加 be1.200. The th回 retical
s加ldardvalue of也egr酒dualincr明記 oforofitabilitv面白is
回記iscalculated 
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4. Validity of proposed evaluation metbod 
4.1 Calculation for w variables 
We extend our study co08idering the unfair relatiooぬipand 
compar芭也eres叫tswi白山efair毘latio08hip.If the ratio of the 
increase rate io profit 組 d the reductioo 也 pri民

is w : 1 -w， 0 < w < 1， the function of profi匂，bilitycan be 
obta泊edby Eq. (22) [10]. 

。>=(ガ (22) 

Wheo w = 0.5， we have a fair relationship. In this ca田，

the Po can be co08idered a c阻a創an叫1
q凶 lityindicator if we assume出a副t也eprofi血t悶t“ioof the 
produ'ωl応.cerば3ピ， s討id白e叩 dt也hec∞008凶5umerば'sぜ3ダ， 5討id批ei抱5w:l一w.百I惚e 
d批e08凶itザyft向伽伽mc凶“ωo叩noぱfβPo can be ca此lcu蜘11巾lat凶edb句yE向q.ο 3玲)， 釦制d 
t白he“5t伽an油l
f(Po) = (w+ 1)βJ 

E偽)= CPof(fJo}dPo =と4
刷 w+.l

ο3勾) 
ο4) 

The densi守伽.ctionand the standard 'value ofβwhere 

β2β。areobtain凶 byEq. (25) and Eq. (26). Profitability 
functioo whereβ=E(β) i5 calculated by Eq. (2η. 

( POγんI(Po Y' JD_-w  
f(舟=1r:: 1 11 Jー|l p) / Jo.lβ) -，.. -(1-瓜-")P"

E(/J)= J~Pf仰=元首;

r=(Ul二五こ ~J
2-w 1-P~叩 A

百eva1ue of Po is ob飽泊edby Eq. (28). 

(25) 

。6)
。7)

β。=βrw (28) 

We consid釘 w=0.75腿白erepresentative case when the 

profit 00 producer-s' side is gr四 ter也組曲eprofit 00也c
∞nsurners・sideand w = 0.25錨 ther官presentative回記
when也eprofit on consurners' side is gr田町也組曲，eprofit on 
producer-s' side. We inv国tigatewhich is也eb回tparame旬r
amongw = 0.75， w = 0.25and w = 0.5伽tres田tbetter也e
I四 1ecooornical si加atiooofco中oratio郡山泊gthe ac加alda包

of Table 1 and Table 2.百ecandid蹴 ，PO ，of the annual 
marketable quality indicator wi血 twounfair relations w's is 
calcu1ated using Eq. (28) (based 00 the da泊 ofTable1). From 
也er国叫ts，it is回syto see也atamong thr田 parameter-sof 
marketable quality indicators， the va1ue of w = 0.5 is very 
close wi血theth旬開tica1standard value calcu1ated from Eq. 
(24) ('也eaverage value for也eperiod of 13 years). Therefore， 
the由回目姐回1standard value of the marlcetable quality 

iodicator恒也e回seof w=0.5 re自民tsbett町也.e1田l

民ooomi回lsi同組ooof∞中oratio田.
Thet血h∞re官姐由c伺alaverage r va1ue f晶brthe range of 1 壬r 壬2 i包s 
伺叫lc叫u凶la凶句be1.230 i汀fw=0.7万5，血d引1.1附4伺3i汀fw=0.25. 

1恥nes“s蜘t飽凶andar肋叫u削』
凶恒.gE向q.。η槌品目ows.
r= 1.196 wb四 w=0.75， r= 1.086 when w= 0.25 
The r田叫tsfor血r田 parame句ぉ andthe actual valu白釘e
summarized泊T油le3. It伺nbes偲n也8tgradual increase of 
profitability r where 1 S r < 2 is the clo踏 tω也.eactual value 
when w = 0.5. We cooclude也at也efair relationship which 
iodi回出伽tthe incremental profit 00 the producer-s' side i5 
equal旬白紙 00血ecoo8山ner-s'5ide i5 the ino5t sui包ble
re1ation. 

4.2. Proposed Algorithm 

2. 

3. 

4. 

5. 

6. 

In Eq. (18) is shown standard問lationshipbetw，悶 βo

and relative annual profit r when the w is consid町"edto

be 0.5. We山o叫叫atedvalues ofβ。ぬrw=0.25 

and w = 0.75. We can叫 c凶蹴thevalues ofβ。品r

di宵erentw by using the following algori也m.Based 00 

Eq. (27)， a w value between 0 < W < 1 is given. 
The value ofβ。between0 く βo~1 is conside岡
田 avariable and the function r(s 0) is伺 lcu1atedfor 
伺，chβ。回:r{0.05)・ベ0.1的，ベ0.15)，…，r(0.95) 
and r(1.00). This is considered as a副 A.
Then， in the set A，血ealgorithm白lds也em拡凶lum

value of r which is less than 1.1 or 何回lwi血1.1(白紙

is九 =m鉱(1.1注reA)) and山凶凶mumvalue 
of r which fs bi館町 than1.1 or句ualwith 1.1 ('白紙 is

ら =min(1.1SreA))・h由isway is d田 idedthe 
regioo forβ。calcula語on.
For r = 1.1 ， if 鴨川 β01 instead fJ 0' the 
calculatioo is carried out邸側lows.lf we write as 

β01ー批叫ueofβ。川他出S問gioo(0.ω，0.10， 

0.15，…， 0.95， 1.00) which is related句作 andwrite 

asβ船山 value ofβ。同a凶 to

respectively合om

β01--βoL=日二五ニ，wehave 
β01--β仙円+-rl_ 

1.1-r， 
β01=β。トー(β01--β。μ)一一」ニ

η+一円

η+ ' 

百levalu回 of曲eprobability density for血erange of 
1壬r< 1.1 can be calculated by凶泊gEq. (23)部
品11ows.

l-F仇 }=1ーf刷(w+帆 WdJβ。
= 1-βrI 

By r宮P伺，ting也esteps量om(3)旬 (5)and putting 

i凶t回dr = 1.1: r = 1.2，1.3， ... 2.0， and so on， the 
values of probability density are calcu1atedωbe in the 

followiog regions: 1.1 ~ r < 12， 1.2 ~ r < 1.3 ， 
1.9~ r< 2.0，…，r国p∞tively.

5. Discussion 
We discuss the relation between由eGro錨泊lueAdded 
Labor Productivity (GVAEP) and rela凶ve 創mualprofit. 
Considering血eresults of Table 1， Capi凶 E中ipmentRatio 
(CER) con曲lU白 to increase， but Gross Value Added 
Eq凶pmentProduc制 ty(GVAEP) shows d民間singtendeocy. 
Let凶 co'田 id町血e品llowingrela凶00betw偲 oCER and 
GVAEP: (CER， GVAEP) = (x，y).百legraph shown泊Fig.2is 
based 00血e13 y'聞-sac同alvalu回.
y=・O.∞'365x + 137.383 
The maximum labor producti吋tyis 12，927 when x = 18，820 
and y = 68.69. Here，也eCorrelatioo C低価cient(CC) be何回n
X創叫yis -0.865.τ五回evalu白 arealmost the same with血e
last year valu白.In由ispa悦m， it is im戸田ible旬面白田se
more the labor productivity. 
百le問lativeann凶 1profit has the same trend出血eGVAEP
邸 shown血Fig.3(y = 234.11 r -183.82).百leybave a CC of 
0.909. In orderωincrease the relative annual profit， the 
marketable q凶 lityshould be increased. The increase of 
m訂ketablequality回nbe achieved by enhancement of human 
resourc儲 qualityand CER ql瓜li与
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Table 2. Annual distribution profitabillty r for回 chωrporationin the manufacturing industry. 

孟話r-と 1朗自 87 ω 89 関 91 92 回 制 時 伺 97 98 
rSI.O 12.50 7.70 3.佃 2.50 3.70 6.30 15.10 21.70 16.60 11.70 9.20 11.70 24.∞|  

1.0 ~， ~ 1.1 32.唱S 28.27 21.42 20.30 24.27 33.38 39.曲 39.96 41.91 制却 37.75 39.78 38.39 I 
I.l'~， ~ 1.2 28.75 31.28 31.97 33.07 32.23 29.83 23.71 20.01 23.57 26.97 28.31 話'.02 19.3唱|
1.1・'~， ~ 1.3 12.28 15.13 制周 17.95 17.07 13.72 10.偶 8.77 8.74 9.伺 11.11 唱a唱4 7.46 I 
1.3'~， ~ 1.4 6.曲 8.78 11.57 11.65 日.95 7.43 5.鈎 4.70 4.“ 4.75 6.54 6.随 4.92 I 
1.4ヨ，~I.S 2.95 3.65 5.32 5.6官 4.67 3.44 2.52 2.02 2.27 2.51 3.00 2.8唱 2.17 I 
U'S， ~ 1.6 1.47 1弱 2.77 3.07 2.52 1.61 1.13 0.92 1.30 市.帥 1.55 1.47 1.05 I 
1.6・S，S1.7 官.12 1.19 2，伺 2.27 1.93 1.38 O.鈎 0，回 0.92 1.16 1.12 1帥 0.79 
1.7・'s'SI.' 0.39 0.45 0.69 0.63 0.72 0.51 0.2司 0.18 0.15 0.24 0.24 0.30 0.27 
I.I'S， S 1.9 0.39 0.45 0.69 0.63 0.72 0.51 0.21 0.18 O.唱S 0.24 0.24 0.30 0.27 
1.9'S， S 2.0 0.39 0.45 O.個 0，回 0.72 0.51 0.21 0.18 0.15 0.24 0.24 0.30 0.27 
2.0$r 1∞ 1.10 唱.20 1.印 1.50 1.10 O.ω 0.70 0.70 0.60 0.70 O.伺 O.田
cot雌伽凶ave喝骨

1.175 1.191 1.227 1.228 1.215 1.182 1.155 1.144 1.146 1.1伺 1.164 1.169 1.唱46 I for 1.2・'S，~ 1.3 
cmmhR咽ust也tm1a49awr喝唖r O.回7 O.似2 0.078 0.079 0.066 O.ω3 0.006 心.0崎 -0.003 -0.0倒 0.015 0.010 -0.003 I 

1986・90: 912 corporatio叫 91-93: 1，049ωrporatio叫 94・.98: 1，064ω中orations.
Table 3. wand relevant values. 

ConditionaJ aver司er S也ndardrb邸側
E偽ctofg悶dualincr国鈎ofprofi也bility
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Fig.2. Relationship between y and x. 
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Fig.3. Relationship between y and r. 

By increasing也eCER， the GVAEP can be increased. It is 
important泊白血旬開to泊crea鎚悦GVAEPwhile k偲ping
∞田畑ta posi語veCC of r and y by marketable quality. 

6. ConclusioDs 
We proposed姐 eval凶.tionme也odin order to恒cre回e
profi飽bilityby enhancing marketable quality. We defined也e
marke飽blequality田 aqualita酋vea甲田tofprofi包bility也atis
“m伺 surable錨 arel説明 value".We presented a mαlel旬
identify a profitability function by the marke匂Ibleq'凶lity
indicator， which is由erate of operation at the break・evenpoint 

1.196 0.034 
1.149 0.051 
1.086 0.057 

心.02 0.027 0.091 

from the viewpoint of the fair relationship. We applied也is
model旬 ac加alvalu回 of1田dingJa戸n白em釦 U晶C同ring
∞甲orationsand伺凶edout analysis of吐lemarke帥 lequality 
indicator and the profitability. Based on our study we got the 
follo叫ngres叫ts.The general average value of the marketable 
quality indicator is very clo鴎旬也，eth回reti伺 ls包ndardvalue 
0.6 (ω%). We consid釘edthe出田町低回1standard value of the 
rate ofope凶 on回 afunCtiOD of marketable qt凶 tyindi伺旬r
泊 therange more than the marketable午lality恒diωωr阻d
obtained a profitability funCtiOD wh釘e也eprofitab出ty
gradually increa鰯 due旬白血cr国民泊marke匂.bleql凶 lity.
We obtained a也印刷ω1dis凶butionof profi助副tyby the 
profi飽bilityfunction and “血e由旬開討回1dis位ibutionof 
marke旬ble中lalityindi回旬，f'. We verified也at也，efair 
rela山田:hipbettc言問自民ts血，ereal economical situation of 
∞中oratio出血antheun血irrelationsbip. 
The propωed model伺nbe applied in the network field. We 
m創出e旬蹴O町 model品'fQua1ity of S剛健(QoS)by 
considering network providers and u田rsrelationship. 
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