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We model the effect of contract parameters such as price rebates and after-sales warranty
costs on the choice of quality by a supplier, the inspection pohcey of & producer, and the
resulting end product quality Both noncooperative and cooperative settings are explored The
paper’s contribution 1s to highlight the importance of strategic and contractual ssues n quality

management
(Qualty Contrel; Inspection, Game Theory)

1. Introduction

The attempt to use improved quabty to gam a compet-
wive advantage has led firms to develop quality-sensitive
mdustnal contracts The quaiity of delivered matenals
and parts and 1ts control through sampling or quahty
control procedures are thus important issues to reckon
with i the negotiation of industnal contracts. Such
contracts, between a Suppher of parts and a Producer
of fimished goods, mav stipulate a rebate to be paid by
the Suppher to the Producer for parts found defective
upon mnspection by the latter In addition, the contract
may stipulate how the warranty costs (paid to a dewn-
stream consumer of a faulty fimished product) are to be
divided between the Supplier and the Producer One
aimm of this paper 15 to determine the effect of these
contract parameters on the qualbity of the end product
of the Supphier-Producer chain We do this in a game
theoretic context i which the Suppher mayv choose
among manufacturing technelogies with a cost-quality
tradeoff, and the Producer may choose an mspection
policy Our mamn finding 1n this respect is that the end
product quality resulting from the Suppher-Producer
chain mereases as the warranty costs are shifted from
the Suppler to the Producer. More generally, we de-
termune how the contract parameters and exogenous
technology and mnspection costs determine a urique
equibbrium chowce of technology by the Supplier and
mspection pehey by the Producer Unlike most other
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research in the tradittonal SQC literature, this paper
exphatly recognizes the potential conflicts betwecen
supphers and producers and establishes a game theo-
retical framework i which to study these conflicts The
game theoretic approach to quabity 1ssues used in this
paper was mitiated by Reyniers (1992) in a context
where technology was fixed and exogenous, but both
parties devised therr own sampling plans Here we show
how such a model can also be used to analyze tech-
nology choice

We consider a model in which the Supplier of a part
chooses a technology and this choice 1s not observed
by the Producer, whe independently deades on his in-
spection policy There are many arcumstances m which
these assumptions are reasonable As a generic example,
consider a suppher of perishable goods who can mflu-
ence the quality of these goods through his mventory
policy In particular, goods are of hugh quality if the
supplier uses a FIFO (first in, first out) policy which
ensures that products are rotated properly, and of bad
quabity if the suppher uses a (cheaper) LIFO (last i,
first out) policy The Producer who recerves these goods
cannot observe this choice of 1nventory policy.

Before describing our particular mode! and its anal-
ysis, we brefly describe the mdustrial problems which
motivate our approach The threat of incurning some of
the costs associated with faulty parts 1s leading suppliers
to mvest in manufactuning technologies which generate
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improved gualhity and at the same time standardize the
manufacturing process to be 1n accord with negotiated
deliverv contracts Preferenual supplicrs of large firms
are often determined on the basis of a consistent supply
of quality For the producer, m-house testing and quality
management are needed to remove substandard lots
from entering the manufactuning process, wasting both
considerable machine and equipmert time as well as
labor costs Varicus agreements have been reached i
industry te arcunrvent difficulties caused by the delivery
of defective parts and matenals For example. large firms
such as Ford and GM mav require that all sampling be
periormed by the suppber Although such agreements
iead to higher parts and matenals prices, these added
costs are considered worthwhile because of the savings
reached by mamntaimng a smooth and defect-free
suppiy.

Current practice in quality management and 3ts con-
ol emphasizes the use of statistical control techrques

{ contro] charts, acceptance sampimg, etc ) which seek
to detect deviations from agreed on qualty standards
These approaches, however, fail to recognize the mn-
creasingly mitncate nature of manufacturing where un-
certainties mn the supply of materals may be subject not
only to natural and random deviations but are also a
function of the bileteral relationship between the sup-
plier who manufactures the parts and the producer A
notable exception 1s Chew and Pisanc {1990}, where
guality control s discussed i a contractual context They
suggest that as an alternative to vertical integratior,
fonger term contracts with fewer supphers may be re-
gured to improve quality

In the apphcation of Tetal Quahty Control (TQC)
seme attempts are made to mtegrate guality controi
procedures into a broad management framework These
attempts, however, are not formalized and fa:l to rec-
ognize the compiex motivations that underlie behavior
of suppher and producer 1n a contractual environment
In practice, these ssues are considered mmportant, and
clauses are mserred in supply contracts to provide in-
centives for the supphers to comply with the terms of
negotiated contracts For example, some contracts stip-
ulate that pavments will be made after and as a function
of the delivered quabty In other cases, there are war-
rannes and agreements of various sorts which provide

guarantees that some or all costs related to the dehvery
and use of substandard quality be sustained by the sup-
pher.

Motivated by the above 1ssues, we have developed a
model by which to consider the effect of Suppher-
Producer contracts on quality We assume that a contract
for the deliverv of materials or pars has been negotiated
and signed by a supplier and a producer The contract
tested and found defective by the Producer, a rebate 15
paid by the suppher which m etfect reduces the price
of the part to the producer The suppher incurs a repair
cost and the producer 1s supphbed with a nondefectnve
unit If a defecave part enters the manufacturing process

stipulates penalties for defectives as follows If a partis

undetected 1t will end as a fimished product soid ¢ 2
consumer whe will detect the defective part for sure
When thas occurs, manufacturing and post-sales costs
are meurred which are shared berween the producer
and the suppher accordmg to the contractua; agrecment
For simphiciry. we assume that the suppher and the pro-
ducer are nisk neutral and fullv informed of cach other's
objectives and manufacturing porential We »rudy the
cffects of the cortract parameters on the propensity of
the suppher to deliver good quality and on the propen-
sity of the producer ¢ mspect incormng parts To this
end, we formulate a two-person nonzerc sum game {e g
Owen {19823, Thomas { 1986)) The suppler has a finite
number of alternatives for delivering quabity (for sim-
phary we consider two alternatives only) Pracucally,
these alternatives are defined bv combined manufac-
ruring technologies quahty management efforts, etc
whose outcome provides a procuct and a distrnibubion
over the vield of defectives delrvered The producer has
two alternatives inspect an mcoming product or not

We determine umique Nasb equilibria as 2 funcuion
of the exogenous costs, technojogy properties, and the
contract parameters We find that the type of equinbrium
{e g thesuppher debivers high qualitv and the producer
mspects incoming lots ) depends vn the mnepecnon cost
and the ratic AT / Ap, where AT 1s the mcremental cost
of the better technology and Ap 15 the ncremental
probab:iity of a defective part using the wnferior tech-
nology Intermediate vaiues ot these parameters result
i a uruque mixed strategy equilibnum Our mamn find-
ings are that at the noncooperative equilibrivm.
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I The probability that the Producer inspects 1s -
creasing in AT/ Ap

2. The probability of using inferior technology 1s n-
creasing 1 the Producer’s inspection cost.

3 The final quality of the Supplier-Producer cham
15 a decreasing function of the proportion of the war-
ranty cost borne by the Supplier, a decreasing function
of the Producer s inspection cost, and an INcreasing
funicion of the ratio AT / Ap

Note that in the above equilibrium analysis, 1t 15 as-
sumed that the choice of technology by the Suppher
and the choice of mspection policy by the Producer are
not specified in the contract, but are rather decision
variables in the post-contract game If we consider the
possibiity that these choices are determined by a bind-
Ing agreement n a subsequent contract, then we are
jed to consider the bargaining process that results mn
such a second contract We take a Nash Bargaining ap-
proach to this cooperative problem We determine the
Nash Bargamning Solution as a function of the param-
eters of the first contract (rebate and division of war-
ranty costs} Calling the mcreased payoff obtamned n
the Nash Bargaring Solution relauve to the noncoop-
erative equiitbrrum the “value of cooperation,” we find
that

I The value of cooperation to both players 1s a de-
creasing function of the rebate paid by the Suppher to
the Producer for each defective part found by the latter

2 The value of cooperation to both players 1s an -

creasing function of the proportion of the warranty costs
paid by the Producer

2. A Noncooperative Quality Game

Consider a supplier of parts whose quality production
potential 15 defined by two technologies 1 == 1, 2 with
respective probabilities p. of a defective part We assume
throughout the paper that p- > p, so that p, corresponds
to the production of poor quality and p, to the produc-
tion of high qualbty For alternative 1, the unit cost of
production borne by the suppher s T, where T; < T-.
When the producer recesves a lot, at price 7 per unit,
he chooses whether or not to test st If the lot 1s tested,
a cost m per unit 15 ncurred by the producer and the
outcome observed If a unit is defective, 1t 15 repamred
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by the supplier who incurs a repar cost C and the price
of the unit 15 reduced by Ar, Ar = 0. This rebate can
be interpreted as a transfer from the supplier to the
producer to provide an mcentive for the suppher to de-
liver good quality products If the lot 1s not tested by
the producer and a part 1s sold defectively, then sts post-
sales failure cost R 1s shared by the supplier and the
producer according to a sharing rule on which they
agreed at the time the contract was signed. We define
this sharing rule by a parameter « such that (1 — ajR
will be borne by the producer and aR by the suppher
We assume that At + C > R 1 e, the cost to the suppher
of & defective part found on mspection 1 larger than
the cost of a defective part detected after sale because
the latter cost is shared with the producer.

The game described above corresponds to a bimatrix
{A, By with entries (a,,, b, 1-1,2;1- 1,2, the expected
payoff to the producer and the supplier respecuvely
Let; = 1 denote the producer’s decision to test the m-
conmung part and j = 2 its alternative, not to test 1t The
suppher’s deciston to deliver low guahty corresponds
to 7 =1 and high quality corresponds to 1 = 2 In ad-
dition, assume that 6 1s the producer’s seiling profit (net
of manufacturing costs} # > = For given 1 and a nisk
neutral producer, the expected payoff will be.

j= HTest). a,,=0-m fm—pdr], 11,2

7= 2{No Test). a,.=0~-{x+p (1 - )R]

1=1, 2,

where m 1s the cost of testing an mcomung part borne
by the producer Similarly, the expected pavoffs realized
by the suppher are.

b]:[ﬂ'—

Pz(-’ﬁﬂ"“’ C)_I‘} and
by=|r -paR -T}, 11,2

We wall now look for Nash equilibria of the bimatrix
game above These equilibna determine both the pro-
ducer’s sampling pohcy and the quality delivered by
the supplier. By definition of a Nash equihbrium. if the
Nash equbbrium is uruque and both the producer and
the supplier adopt therr Nash equilibrium strategy, they
will have nu incentive to deviate from1t. The f ollowiny
proposition presents the Nash equilibria in terms of the
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Copyright © 2001 All Rights Reserved



REYNIERS AND TAPIERO
Qualtty m Supphier-Producer Contracts

contract terms agreed on by th
ducer

e supplier and the pro-

ProrosimioN 1. Censider th

¢ bimatrix game (A, B)
and assume Aw + C > aR. Forany

grven sel of parameters
1t

there 15 a unmgue Nash equilibriun as indicated m Table
1 below. where w = py{Ar + {1 — a}R}. 1 = pa{dr
{1 - a)R), Ap=p; —po, AT =T, = T The equilib-
FILM 1S 1M pure wmeg;% Dxcept when oR < AT/ Ap

< Am + Coand v < m < w, m which case theve is 2 mixed

strategy Nash equalibrium with probability of mspection
g*=[AT/Ap — aR}/{Ar ~ C — aR}

and probability of low qualitty x* = [m — v}/{p — ¢}

ProoF  To determine the Nash equilibria, consider
the expected pavoffs for each of the players For the
supplier, the expected payoff 1s given by

z{g. x) = {m— g (Ar +C) - Trixg
4+ [ piak —Tyjx(1 - g)
re pldr = O = Tl 2)g
+im = paR =T, - 01— g}

For the producer, the expected payoff is given by:
ufg, 2y =(§ ~m — {7 — piaznjxg

+{# ~ix +p il —aRhx(l- g}

G I UG IS ST
(w4 (1 — opRINEI — )l — g}

To find reaction functions we opumze 2 {g, x} and
u{g. Xpwri x and g respecgl‘vex\r The reachion funchons
are shown in Figure 1
policy g, the suppher will set x, the guality policy, as
follows.x = 1if g< g%, x =0 5> g" and X = any X
€10, 1}1f g = g* For a given quabty poley x, the pro-

For a given producer mspection

Tabie 1 Type of Nash Equilibnum in Noncooperahive Qualily Game

m=vy 1 <M= u > p

AT/ag < R Hhgh Quaitty, High Quaitty, No Irspecuon

. MSPECHION | Wixed, Mixed | | gw Quality, No

AR < ATjAp < &7 + €

L~

T { chor
TiAp> Ar+ C Cow Quality 1nspecuon Inspectior
/ i '
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Figure 1 The Unigue Bash Equbibrium

Suppher's
response

~—_]

=

Producer{s response

\
\
N

x* e

N.E.

Probability x of supplying low quality

8 g* 1
Producer inspection probability ¢

ducer will set the mspection probabibty ¢ as fellows' g
~lifa>xt g=0fx<x*andg :arwaéU} }
x = x* The Nash equilibrium vccurs where the reaction
curves mtersect [

Using Proposibon 1, we can identify Nash equilibria
for anv given set of parameter values. In particuiar, Ta-
ble 1 shows our results in terms of the relative produc-
Hon cost differential AT /Ap, and the inspecben cost

. If the relative production cost differential 1s small
thep the suppher wiil a qualirv I
the production cost differenuial 1s large then the suppler
will always provide low quality If the mspection cost
1s relatrvely small ther 1t will be optimal for the producer
1o mspect incomung lots If the inspection cost 1s rela-
avely large 1t 1s optmal for the producer not fo mspect
at all. Only when the relative producton cost differential
and /or the mspection cost are neither small nor large

tways provide nmigh

do we get more interesting results For intermediate
values of AT / Ap the suppher wiil supply hugh gualitv
if m 1s small {and hence there wiil be an inspecuon)
and low quabty if 7 1s large {when there 1> no mspec-
ton}. Simadarly for intermedhate values of m, the pro-
ducer does not mspect when AT / Ap 15 small (because
the suppher will defiver high quahity} and he wiil inspect

Rel
[#1]
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when AT / Ap is large (the supplier delivers poor qual-
1ity). When both parameters AT / Ap and m take inter-
mediate values, we find a unique Nash equilibrium n
muxed strategies At this equibibrium, the probability of
mspection 4”15 a linear function of AT / Ap varying from
0te 1 as AT /Ap ranges from «R to Ar + C At the
same time the probability of delivering low quality x ¥
15 a Linear function of the mspection cost m, varymg
from 0 to 1 as the inspection cost ranges from v to u In
other words, the probability of inspection increases with
the relative cost of producing good quality and the
probability of low quahty increases with the mspection
cost

We can provide a physical and real interpretation of
these randomized strategies corresponding to the quality
supphed by the suppher and the mspection pohcy of
the producer If 1 — 2 corresponds to the production
process bemg in control which imphes a special effort
compared to 1 — 1 (the production process 1s out of
control}, with p, > p,, then the magnitude of this effort
could determine x The larger the effort, the smaller the
probability x and vice versa. The producer’s inspection
policy at a mixed strategy equilibrium can be interpreted
as the producer mspecting a fraction g of mcoming lots

It1s mstructive to see how the equalibrium strategies
depend on the contract parameters « and Ar. From the
results in Proposition 11t 1s easy to venify that the prob-
ability of mspection 1s decreasing in the rebate Ar and
n the supplier’s share « of the post-sales costs In other
words, if the contract parameters are set sufficiently high
the suppher faces a lower inspection probability at
equilibrium Similarly. the probability of delivering low
quality 15 increasing mn the producer’s share of post-
sales cost {or decreasing in the supplier's share) and
decreasing 1n the rebate. This means that, if the sup-
pher's penalties Az and « are set sufficiently high, he
will be hkely to provide hugh quality at equilibrium

We now consider how the final quality of the end
product of the Suppher-Producer chamn depends on the
contract parameters a and Ar At the unugue equilibrium
resulting from these parameters we look at the proba-
bihty that a final product 15 defective This obviously
depends directly on the technology chosen by the Sup-
phier and the mspection policy of the Producer, and
only indirectly on the contract parameters. We begin

MANACEMENT SCIENCE/Vol 41, No 10, October 1995

by observing that
Pr{final good is defective)

_[°

l;‘?x or P

if inspected
and so
if not mspected

Pr(final good 1s defective)
=pax{l—q) +p(1 - x)(1- q)
L= g)ap 4 (1 - x)p2)

_ m(An + C~ AT/ Ap)
(An + C- oR} (A7 + (1 - a)R)

From the penuitimate equation above we see that the
probability of a defective final good 1s decreasing i the
mspection probability g and increasing in the probability
of delivery of low quality by the supplier From the final
equation 1t can be shown that the probability of a de-
fective final good 1s

® increasing 1n nspection cost (This 15 what one
would expect )

¢ decreasing in the ratio AT /Ap. (This 1s counter-
mtutive The reason 1s that when the production cost
differential AT / Ap 1s large, inspection 1s more likely.)

¢ increasing 1o a, the suppher’s share of post-sales
cost (When « is large, the Producer 1s not likely to
mspect.)

* increasing in the suppher rebate Ax. for small values
of Aw, and decreasmg i A, for large cnough values

of A
The mmplications of these results are of course nu-

merous The supply of quality and its contro! in a con-
fheting environment depend on the contract parameters
Aw and « In this sense, contract parameters affect post
contract behavior and can provide an incentive for the
supply of hugh or low quality The implications of this
statement for contract design and management are ob-
vious The behavioral effects of quality contracts cannot
be neglected in the design of contracts That is, 1 the
negotiation and the selechon of rebate parameters Ax
and «, 1t should be clear that the subsequent successful
mmpiementation of the contract will depend on the eco-
nomic effects of the contract on each of the partics’
payoffs Our analysis sets up the quality control problem
e an appropriate framework for a conflicting

1585
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environment., Quality contrel and sampling are used Further, et uy and v, be the security values te both
not onlv ro assure the produ\e“ of the incomung product players (whicly are n this case wientical to the Nash equi-
qualitv but also as a * threat’” against the suppher ¢ he fibrium payoffs)

dehivers defective parts That 1s, the role and mportance . , . .
of quality contro! pma\/ i fact be far hroade *Zan just o = (fry —m{l - «}R/{Ar +(1 - «)R} and
product assurance as currently presumed Tapiero o= w{ps T~ pl 3/ Ap.

{1987 has already shown that quakty contrel may be

dy ) . . ;
/ Then the value of couperation to the producer and the sup-
e a

used to jearn mor 3
plier are groen b

about the procduchion process llere
P P y
v

we show how 1t can be used to manage comphance of
supphers 10 the terms of contracts Au = wp -k = {1 - @)mRY/[2{A7 + (1 — a}K}L

. . )
3. A Cooperative Quality Game ,
In most industrial situations, mutual interests by pro-
ducers and supphers lead to cooperation n delivering Ay = U, — U
uvalty produ ”t~ In thie secueon, we consider a coop- 3
quasty P S [(1— a)R(m — #)]/1A7 4 (1 - @R},
erative game between the suppher and the producer
and we assess the value of cooperating Assume again v o= vy — v, = pa{ AT S Ap — aR) otherwise
that pavoffs are given by the bimatnix (A, B} The so- . .
pey g ) bima (A, b} o Hence, both the supplier and the producer have an mcen-
lution concept we use 1> the Nash Minimax Bargaining

) . . tive to cooperate.
solutton. This solunon concept has some desirablie

properties and 1s a rational procedure for settling bar- Proor  Consider the bimatrp. game (A, B} defined
gamning problems [see e g. Thomas (19881]. in Proposition 1 Since pz < py we have 4, > 42 and

Due to the tedious Computatzons required to obtam  fi < fzp Since v < < u we also have @y, > a5, and
anaivtical results, we wiil only consider the realisbcpa- 21 < 2 Further, duc to the mequality aR < AT/ Ap
rameter set corresponding to the case of a unique Nash <37~ C.atfollows that by: <bysand by, > b Tinally,
equilibrium n mixed strategies as stated i Proposition from aR < Ar 4 C we have by, < byx and by < by
| The other cases can be dealt with simijarly The fol-  These relationshups imply that by, < by, < oy <y2 f
lowing proposiion presents the Nash Mimumax Bar-  We turther restrict parameter values to m > pAr
gatrung solution m terms of the contract parameters = {1 — a)p:R and hence a,, < 4, the payoff reqon

can be drawn as shown in Pigure 2(a)—(b} As a result
the set of Pareto optimal paveffs (the negotation set}
consists of the line segment (a,, b2} to (G20, boz)

Zu/

ProrosiTion 2 Consider the producer-suppher game
defivied by the bimatvix (A, B) 4suume y < W < g, and
aR < AT/ Ap < a7 + C Ingddition, lef

In order to find the maximir bargaming sclubon we
m > pdr + pafl — IR first calculate the maxamin values for both players as

the status quo point { Thomas {(198€ )}

. o = {(21;(:2: - ﬂ}jtZQ;}/ iﬁh + dnn 27 Aoy 5}2},
u*=H- 75— H{1— a)ymK]
v = [byybas = byabyy 1 /by + By - by — b2

Ji2tAr + (0 - a)}R)] and
When we msert the entries (4., b)) as defined above,
we ohtain { Liig, Ty} as stat ed in the » proposit ion To find
—{piT: - p-T. i/ Ap the Nash bargaiung solution using these values as status
guo pomt, we maximize {u - ¥y - v Shb}e\.\ to

{u, v}y the negotaben set 1 e for

R
Vi —miaR — AT/ Apl /12087 = {1 - a}R}]
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The Negotiation Set” Player 2

Figure 2a

t2

22

24

1t

axz 21 a t a 2

This maximization leads to 1" and ¢ ' as i the propo-
sitton However, (#*, ©”) 1s the Nash Bargaining So-
lution only 1f 1t 15 on the line segment between (4,5, by, )
and (a.,, by} Hence,

g = mm{max(a.,, 47}, a,) and
g = max{min{l,, v*), by)

Since uy;, < u* for m < 2u this reduces to wy = mIn
¥ {u', as_)yand vy — max{v* by orus — ut, vy = vt
whenr v f < ;- or ;1> 2p, else tig = d5,, Vg ~ by, as stated
it the proposiuon, Finally, the difference between the
Nash bargamnung solution and the security solution 1s
by defirution the potential gain that the suppher and
the producer can obtain by cooperating, which 1s defined
i the propoesition by Aw and Av. [

From Propoestion 2 we know that since Au > 0 and
A = Ot s alwavs worthwhile for the producer and
the supplier to cooperate Define ¢ = Ar /({1 = a)R)
Then su = m/{2(1 ¢+ ¢} for m > 2r and Aw
={m —r)/(1 = ¢} for m < 2y Hence, dlu/6¢ <0
and therefore, the value of cooperation for the producer
decreases when Arn and / or a increase(s) This 1s plau-

MarnaGEvienT Scrner/Vol 41, No 10, October 1995

Figure 2k

b
\2

The Negotiahion Set Player 1

b

yas

b,

Y

> By B8

sible when these contract parameters increase, the cost
of defectives supply 1s shifted to the supplier As a result,
the value of cooperation to the producer decreases

The supplier’s expected payoff improvementi through
cooperaticn can be examuned as follows: ¢Av /da =
for m > 2v only when AT /Ap = R + A7 Given the
assumptions of the proposition this could occur onfy
when R < C which m practice 1s very unlikely When
n = Zr we find dAv /da < 0 Therefore the mncentive
for the suppher to cooperate decreases with «, his share
of the after sales replacement cost. Also dAv /dAr < 0
when m > 2y and dAv /3An = 0 when m = 2p. Thats,
when A7 mncreases there 1s less of ar meentwve to co-
operate This 15 due to the fact that when mspection
costs are large, this can be exploited by the suppber in
a non-cooperative sethng

Fmally, note that dAv /6{ AT /Ap) = 0. That 15, when
the relative production cost differential imcreases there
is more of an mcentive for the suppler to cooperate.
Although we find that for the conditions on the param-
eters n Proposition 2 both parties gain from coopera-
tion, m general cooperation does not always pay for
both parties since the Nash bargaining solution payoff
1s not always better than the Nash equilibrum pavoff
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4. Numerical Example

The resuite derrved earbier can be analvzed numencally.
For ow current Durposns assume the folicwing param-
oters. Ar - i, a=03,R=13 m=025p
=005, T, 1.
bimatrix {4, BYis t

= 8}5, P2
3 The

1
P y

—ogs,w:m,w:/ =

[
"

W
R
[ Enaatatids |

The cooperative pavotf region of ail pavoff pairs in
the bimatrix 15 shown in Figure 3 The set of Pareto

ctfigent pavotf pairs is given by the line segment joming

(7.2, Fyoyand (dx. bas)

The Nash eguilibriwem is giver bv ar = ¢ 7195121
and ¢ "= 0 0909091 ¢, the probability of poor quality
is 072 and the probabiiity of mnspecoon 1s 0 091 The
secunty vahies are u, = 2 872 and v, - 5 975 so that
(up, ve) — €2 936, 5 G578 becomes the Nash bargairung
solution The value ot &oeps ration for the producer s

for tpe supphe itis 5 977
:straed in Figure 3.

5. Discussion

Qualty provision and mspection policies depend on the
negotiated betweer the
sappher and the producer Once such
agreed thereis an mherent confiict in which
10 bear the cost
guality product the Producer wants the Supplier o use
high quality technology, and the Supplier

nature of the mdusmal contract
3 contract is
each party
wants the other of proauing a high

a costly but

Figure 3 Paycfi Region and Nash Bargaming Seiubion

Supplier payoff v {h12.81 00

¢ 98!

7 ih22.B 22

"
w
™

tn
9
£

z 87 2 8¢ Z B8€ Z 8% g z 9% 2 %4

Producer payoff u

wants the Producer to ensure guality 1hrough the adop-
tion of an effective but hugh cost inspection pokicy Rec-
ogruizing thus conflict, we have developed a modei in
which to mvestigate its possibie resolution We
applicd both non-cooperative and cooperative game
theoretic notions to this model We have determined
how the solutions thus obtained, as well
quabty of the end product, depend on the physical and
coptractual parameters of the model In partictlar we

have given cxplicart formuiae. in terme of these param-

eters, for the probabibitv that the suprher will adopt a
nigh quabty tcchm‘-;ohv and for the probability that the
prodiucer wili decide to mspect the output of this tech-
nology In addition we have dertved the formula for
the hnal cuaht\ {the wobabﬂl y that the final product
1s not defectve) Many qualitative observations can be
made on the basz:, of theae resuits For exampile, final
quality of the end product will be mcreased if the sup-
ware of the post-sale warrarty costs i decreased
and the meentive tor post-contract cooperathon
creased if the rebatc contracied for the suppher to pay
r each part the latter finds defective 15

have

as the fnal

18 -

the producer fo
mcreased

Althou attention fo all-or-
nothung mspentzon the extension to varous sorts of m-
spection schemes {see e g 7 Duncan 1974} s straight-
forward Techrucaily, this is equivalent to mcreasing the
number of citernatives EraCLQ by the producer Thus,
rather than havmg a strategv space consisung of testing
or not testing we could augment the strategy space to
account fo* any nu*nber of inspection alternatives The
slution to this problem, (unlike the classical approach
o mspection and qua’; contros which mairtains the
ame mspection prokedme), couid result in a muture
of mspection procedures {ie, a miture of intensive
and superficial mspection procedures }

Further, considering the dynamic natare of the
suppler-producer relationship, we could model in-
spection procedures which change from time to tme as
a function of the expenence gammed through mspection
and repea*n‘« the game Although such problems might
be diffseult ¢ ivtically, solutions can be found
guantitativ *i},« {once the concept of sclution has been
clearly stated} Over time, the decision to inspect 1s a
funiction of the producer s “behief "’ regarding the sup-

gh we have restnicted our

o

r-r w

I'a

o solve an
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pher's quaiity Information about the product s qualbty
arises duc to failure of past sales (which have returned
as defective products) and mspection samphing per-
formed by the producer. In other words, the prior in-
formation about product quahity, appropriately updated
from period to period, may be used to determine when
and how much to nspect In this sense, mspection pol-
1cies 1n suppher-producer contracts should be modeled
as mulh-stage games

Other 1ssues such as the structure of industrial mar-
kets (¢ g competitive markets, franchises with lock in
contracts, etc ) affect the quality dehivered and the in-
spection procedures pursued In lock-in contracts for
example, there 1s a potential for opporturustic behavior
by the franchiser or by the franchisee which can be
partially moderated if mspection procedures are intro-
duced as ar integral part of the commercial contract
which regulates exchange and profits sharing Thus, n
a large number of contractual agreements where out-
comes are imperfectly observed and /or there may be
some problems i monitoring behavior, the separation
of the contract terms, which provide the mcentive

structures, and plavers’ optimal achons can be muslead
ng Te solve these probiems, which ofter occur in
practice, a broader framework of analysts, sensitive to
the inherent confhct 1n contractual agreements 1s
reeded !

' The authors are gratefui to the CERESSEC and FU Cortract ERB
4058 FL 930200 on Deasion Support for Manterance Management
and Qualty Control (Human Mobiiity Program, 1993 -1995) for re-

starch support
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