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Abstract: This study introduces price-value potential taubed instead of price for market analysis by
analogy with free energy or thermodynamic poternitigihysics. A conservation principle is proposed
for price-value potential. It is shown that pricalwe potential provides a constructive way for reark
analysis by identifying variation of equilibriumipes and quantities for different products in méarke
equilibrium. A perturbation theory for a group abpucts with small differentiations on near-perfigct
competitive markets was developed for illustratioihthe approach. The concept of price-value
potential is illustrated in a simple example ofeanperfectly competitive market. It is shown ttet
equilibrium prices and quantities for products eliftlue to product differentiation that makes such a
approach a constructive enhancement to the classaxtel of perfect competition.

Key words: Market equilibrium, differentiation, perfect comitiein, value, price-value,
market modeling, market free energy

INTRODUCTION participants are able to impact the market equilibr
“Perfect Competition (PC), despite its abstractrgtis
The price-quantity approach for demand andcentral to the literature on shadow prices and nesna
supply constitutes a fundamental cornerstone oftn important benchmark in economic policy analysis”
economics. This approach has been broadly utiieed (Thampapillai, 2010). In a perfectly competitive
market analysis and modeling. Market equi“briummarket,_gupphers have to sell and buyers ha"&’.m’
occurs at a price when demand equals supply. the (_aqu_lll_bnum market price regardless of the ditias
A deficiency of the price-quantity approach isttha any individual seller and buyer sell and buy. Piidin

it has certain flaws in market equilibrium analySsich a perfectly competitive market are assumed to be

a deficiency can be illustrated by its inability define |dent|ca_l, Wh'ch IS not true in the real world besa
N some differentiation-no matter how small-alwaysetak
aggregate market equilibrium for a group of product

with small differentiations in a near-perfectly plaget Su_ch c_iif_ferentiation leads to the appropriat
competitive  market. The term near—perfectlyVar"'ﬂ'on N pricing. Thus even though the moglel of
competitive market is introduced in this study andperfect competition is very concise and clleare_malns
refers to a market with all characteristics simitar 2" abstract model and cannot be applied in the real

classical perfect competition (Pindyck and Rubisfel W.Oﬂd to suggest prices for products“wnh small
2009: Paul and Nordhaus, 2009) except producgﬁferenuatlons |nanear—perfectlyco_mpeutlverkla.
' ! It was shown that for a finite number of

homogeneity. Products in the near—perfectlycommodmesl perfect competition is a good

competitive market may show s_mall differentiation approximation for describing market equilibrium far
which is a more realistic assumption for a_r_eaHWor market of small firms with free market entry (Noe&h
market. In contrast to monopolistic competitionereh 1980; Novshek and Sonnenschein, 2012; 1980). Mas-
are no brands differences, no entry or exit bar&@rd  cole|| (1975) showed that a market of insignifidgnt
buyers make their buying decisions based only @epr small companies with slightly differentiated butnaist
slightly adjusted to a small product differentiatid’he  perfectly substitutable products produced with very
model of perfect competition is an abstract motelt similar technologies is very close to perfect
never exists in the real world; in any real-worldrket  competition. Hart (1980) and Fradera (1986) coretlict
that is close to the model of perfect competitiome a detailed analysis of econometric models for the
degree of product differentiation inevitably occurs market of a differentiated products showing the
The model of perfect competition leads to aconditions when such a market converges to a pérfec
conclusion that firms in a perfectly competitiverket ~ competitive market. Hart (1979) analyzed the evofut
are price takers because the market consists afga | of monopolistic equilibrium as firms become
number of small sellers and buyers, so none of thésignificantly small relative to the market. Pratiu
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diversity and its impact on monopolistically market is a theoretical abstraction that never weduin
competitive market were analyzed by Dixit and &gl the real world, some markets can converge to pigyfec
(1977). Their analysis lead to a quite intensivecompetitive markets. Shneyerov and Wong (2010)
discussion and additional comments (Dixit and 8#gl theoretically studied the steady state market asd i
1993). However monopolistic competition and perfectconversion to perfect competition as a bargain gssc
competition are quite different models which areqf incoming buyers and sellers under private infation.
applied to different markets. _ _ Cournot equilibrium with an infinite number of
The main purpose of this study is to introduce &mpetitors tends to become perfect competition.
new concept of prlce-valu_e potential instead ofsileal However, stability of the equilibrium in such a
Zﬁglr osailgh ar?c?sfr(]jo d?e?in prlglf.‘ rtaoarl-v(\jc?rlngianr?]ar?(g(tjs SEIJ_Fr’“psléfonversion was questioned and analyzed by Puu 2008
y 9 ) The model of perfect competition leads to a belief

study suggests price to be part of price-value s that such a market represents basically no congretit
more general factor responsible for market equilior . .
g P d at all (Petersen and Lewis, 1999) because all its

similarly to free energy or thermodynamic potestie - . .
participants play a quite passive role and thus no

physics which are used to describe system equitibori ! N ; . ;
instead of just energy. A near-perfectly competitiv innovation is possible under such conditions. Diespi

market with products showing small differentiatign  this strong belief, however, innovations can adjive
used in this study for the illustrative purposeyotd  take place under near-perfectly competitive
demonstrate the deficiency of the traditional price conditions (Boldrin and Levine, 2008) that may
quantity approach and to show the advantages of th&sult in product differentiation.
suggested price-value potential approach introdficed Bradley (2010) argues that the modern model of
demand and supply market analysis and modeling.  perfect competition differs from Smith’s perfedbdity
in a number of important aspects including the wafle

Demand and supply in the traditional economic  active competition among firms and the role of the
theory: In traditional economic theory, demand andentrepreneur. Though the model of perfect compaetiti
supply are presented in terms of quantity and priceis based on “complete knowledge,” neoclassicalemerf
Demand is defined as the quantity of a particulacompetition implies limited knowledge that leadstie
product that consumers are willing to buy at a give conclusion that brokers can exist in perfect coitipat
price and supply is the quantity of that producitth (Stigler, 1995). Briglauer and Reichinger (2008jdstd
suppliers are willing to produce at a given pricethe chances of contestability in communications and
(Pindyck and Rubinfeld, 2009; Paul and Nordhausgconcluded that the theory of contestable marketmis
2009). For the sake of generality, the term producessential generalization of the neoclassical themry
refers to both goods and services. Assumingperfect competition. This conclusion implies thhe t
monotonous dependency of demand and supply curvelsrge number of price-taking firms is no longer a
one can also define demand and supply as the mversondition for an efficient market due to heterogsnia
function of price on quantity. business enterprises. Classical perfect competition

This approach constitutes the major foundation foimplies a complete homogeneity of the market that
a variety of economic theories and market analysis. never occurs in the real world and for this reason
would be no exaggeration to say that demand anfarket information is always heterogeneous and even

supply drive markets. asymmetric (Sun and Yannelis, 2007).
Found that “mapping between value creation and
Classical and moder n views at perfect competition: value capture is moderated by industry-level factord

Price takers in perfect competition: A perfectly that firm heterogeneity depends on both, featufeheo
competitive firm must sell at market pricg Ro higher, resource development process and on features of the
no lower. If the firm sells at a price greater thle  industry”. McAfee and Velde (2008) analyzed pricing
market price then the buyers buy from itsbehavior and found out that elements of monopoly
competitors. If the firm sells at a lower price thdie  pricing may occur even in a perfectly competitive
firm just loses its possible profit. This is onetbe  market environment.
most interesting conclusions of the model of a In the application of the model of perfect
perfectly competitive market. competition to inventory management, Mishra and
Mishra (2008) analyzed and optimized a unit pri€e o
Modern understanding of perfect competition: The  the inventory for the EOQ (The term product refers
model of perfect competition is widely applied in both goods and services) (EOQ stands for “economic
economic theory. Though a perfectly competitiveorder quantity” and is referred to the amount afers
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that minimizes total variable costs required toeordnd M oney as market energy: The role money plays in the
hold inventory) model under perfect competitionusjng  market is similar to the role of energy in physics.
revenue and marginal cost as parameters for optilmiz ~~ Energy is associated with the work a system can

perform, so is money. However, in physics there are
Product differentiation and perfect competition:  other parameters such as entropy, temperature,
Though perfect competition assumes homogeneousressure, volume, etc. that contribute to the piaten
products, the participating firms may produce défé  work a system can perform. Similarly, in economy
varieties of products. Such differentiations mayatt  price (money) acts like energy but other parameters
the firm’s way of doing business and its perform&anc  may impact supply and demand equilibrium.

Challenges of the model of perfect competitioninthe  Price, money and differentiation markups: Consider
real World:-There are many markets in the re.a.l Worlda perfecﬂy Competitive market of product A with
that are quite close to thg model of perfect coitipat 5 ket equilibrium price P and equilibrium
but nevertheless their products show some o ,
differentiation and for this reason the most fundatal ~ duantityQ . According to the model of perfect
conclusions derived from the classical model ofqur competition, every seller in such a market is ari
competition fail in practical applications. taker and has to sell fef .
According to the model of perfect competition, all
sellers are selling identical products and allessliand  Product differentiation: Product A consists of a set of
buyers are too small to impact market equilibrium. e a¢resF =(f2.13....fx ) where K is the total number
other words, there is no differentiation in a petffe
competitive market at all. If a seller sells at mc@  Of features, & k< K. Assume there is another product,
higher than the market equilibrium price, no buyeils B, which is a modification of product A with some
buy from that seller. On the other hand, if a sedlels  differentiation. The total differentiation consistEa set
at a price lower than the market equilibrium pribe,  of partial differentiationss/® of each featurg”:
will definitely be able to sell the product but mjet
less revenue than in the case of selling at maniee, PR s . o
which makes no sense. 8" = A gA (1)
“The primary critique of perfect competition as a : :

positive model is that it is so unrealistic as te b . . : .
misleading” (Block et al., 2002). Though perfect According to Eqg. 1 partial product differentiation

ling” - ; o .
competition is an extreme model that does not matcifk can be measured in percents of deviation relative
any market in the real world, some markets areequita reference product feature componghtregardless of

close to it. For example, strawberries selling at &ne ynits in which the features are measured. Fesatu

farmer’i marlll<et il? almost perfﬁctrlly .competgive..dzth and their differentiation can be measured objeltioe
mean that all sellers must sell their strawberaB&ne g o ctively. A condition for small differentiation

same price regardless of the taste, size and |bdtkeo between A and B can be expressed as Eq. 2:
strawberries? It is quite obvious that such adeaenot n
be given to the real-world sellers on a strawberry

market. Some strawberries are better and are $ad a [&°|<<t for al k=1,2,,...K (2)
higher price while some are not as good and aik ol
a lower price. This fact brings up a question oktiler The total differentiation®*® = (62,628, 8% ) is a

the model of perfect competition can find any
application in the real world given that no market
absolutely perfectly competitive. If this is theseathen =~ Component.

the value of this model becomes quite doubtful beea

some differences in products always take placéhén t Price markup for differentiation: A product
real world. Then a legitimate question arises: lvan  differentiation results in a positive or negativarket
one apply the model of perfect competition to a reamarkup for product B relative to product A. With
world market if it is close to perfeCt Competitibut not differentiation @AB consumers are W||||ng to pay an

quite perfect? additional price AP*® per unit of product B and
A similar concern could be extended to many other P o P P

market models too. Is there any way to enhance thgUPpliers are willing to produce the same quartity
economic theory to bring it beyond the theoretigalv ~ Product B as product A with a price markwgZ® per
in a real-world market and to provide reasonableunit as shown in Eq. 3. With small differentiatiptise
recommendations to market participants? price markups are:
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K consumers are neutral to the differentiation ane ar
B — AB _ B
AR" =G0 —;éﬂi willing to pay just to cover the cost of this

K (3) differentiation.
AR = CE" =Y Aot
- Shift and sag of the demand and shift of supply
curves with differentiation: Differentiation©”® leads
where, c§ is the additional price markup rate to a horizontal shift of the demand and supply earv
consumers are willing to pay per one percent ong(p) and Q4(P) by ARF=Cfe® and

. - g .
differentiation of fegture com_ponenf, Cs is the price AP® = %@ correspondingly. As soon as consumers
markup rate for which suppliers are willing to pucé

the same quantity of the product with one percenf® Willing to pay extraAR® for product B compared
differentiation, so C, =(C'%>,q§ ,(g) and to product A, it would be natural to assume tha th
Cs =(c15,cks,--- dé) are the consumer and supplier demand curve for product B also sags &9;®. The
markup rate vectors appropriatel®,® and AP,° are  demand curve sags because consumers, though willing
the total price markupsar,? and AR;® are the price to pay more for a unit of the differentiated protBg
markups on partial differentiatios® of featuref?and  will buy less units of product B than product A dige
ck and c§ are the partial price markup rates thatthe price differenceAP,® per unit. Most likely the
represent a price markup per one percent Ofjemand sagaQ¥® is a function of the demand shift
differentiation. Note that consumer and supplier
markup ratesC;® and C2® can generally be unequal to
each other. The consumer markup raff shows how function of AP,®, however, with small differentiation it
much consumers value the differentiation andis reasonable to assume a linear dependence &s Eq.
reflects also a perceptional aspect of getting a
differentiated . produc.t. For exgmplg, CONSUMETS \ope = \zpfe = ) e @8 (6)
would pay a higher price for clothing simply becaus
they like the design better.

Consumer and supplier price markupg,® and

AP obey the transitivity rule in linear approximation
with small differentiations, i.e. Eq. 4:

AR . Generally AQM (AR®) may be a nonlinear

Thus the demand and supply curve§(P) and
Q:(P) for product A transform to the demand and
supply curvesQg(P) and Qf(P) for product B as

shown in Eq. 7 and Fig. 1:
AR =ARY +ARP = G

(o o) =3 s (e +or) (A= (P Co*)-r g

7
4 QB P - P_ B@B
AP S AR AR = G @  &(A=g(r o)
K -
(OAM_'_GMB):Zdé(eT(M +gvl1<3) Q DA
k=1
A difference between consumer and supplier Qp bomo N -_
markups indicates a degree of market adding vaite r | Ve
of the differentiation Eq. 5: MO N N o CT TG AN
N __:______§ I N B
e | - ! D
Hag =W (5) E E E E
Which will be referred to as market excitement. de; BB pP : P
This parameter shows a degree of consumer valuatior E—
of the differentiation between products A and Bu3D, (CAB_@AB

consumers appreciate the differentiation and allenwi
to pay more than the cost of the differentiationifpif ~ Fig. 1: Horizontal shift and sag of the supply and
u<0 consumers do not appreciate the differentizdiosh demand curves due to small product
are not willing to pay even the extra cost.ulf= 0 differentiation
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Note that the price markups and sag described Taking into account thal® - P is proportional to

above are not equal to the price markup in markefyo ontiation @ for small differentiation, i.e
equilibrium for product B but represent only the " o

demand and supply curves shifts and demand cugye sd» ~ B ~©* for |©°¢<< 1, one can easily conclude
as shown in Fig. 1. The skew of the demand andisuppfrom Eq. 8 and 10 that in first order by
curves due to differentiatio®*® is of second order by ifferentiation©”®:

©"® and for this reason can be ignored in the linear

approximation. T=Th=1,; T=Ti=1g; (13)
Market equlibrium with differentiation: =G ; €=c

Market equilibrium for two products with small _

differentiation: As it becomes evident from Fig. 1, the So we will use the sameép and ts for all

derivatives of demand and supply curves for both
products A and B in a vicinity of their market
product B from the equilibrium poin(Pg*,Qg) for  equilibrium. Eg. 13 means that demand and supply
product A is in general different from either thgfsor ~ curves do not sAféow any skew in the first order fowals
sag of the demand curve or the shift of the supplyifferentiation®™.

shift of the market equilibrium poinf{F?, Q) for

curve. The demand and supply curves for produat A i  The equilibrium Eq. 10 can be rewritten as:
a vicinity of the equilibrium point can be writtas Eq.
8 and 9: Q=@ -1o(F - B~ GO*) -2 GO* (14)
L= +15(F - B - co®)
Q= -5(P-B) ©
Solved together, Eq. 14 rovides linear
Q= +13(P-B) vee  10d = e
approximation for equilibrium pomt(PO ,Qﬁ) for
Where: product B expressed in terms of equilibrium point
. . (P.Q) for productA and small differentiatio®”®:
o =—d§§ and 1= ddQé 9)

POB - P: + .G + TG -A G, ks

Sign \A denotes that the function on the left hand side To*Ts 15

0 (15)

dQA QB:QA+T TD(CD_CS)_)\CDOAB
of it is taken atP= . Note that typically—=2 <0 o s Tp +Tg
dpP
and dQg >0 hence botht® >0 and ™ >0. Note that As it is clear from Eq. 14 parametarsandts are
dP ° s actually price derivatives of the demand and supply

in some quite exotic casa§ may be negative. lines in equilibrium for products A and B. For this

reason, one can express these parameters in tédrms o
Bbrice elasticity of demand and supply in the
equilibrium, i.e. Eq. 16:

According to Eg. 7 and 8 the demand and suppl
lines for product B in a vicinity of the equilibriuare:

= -13(P- B - $O*)-r Q¢

R e R (16)
Gt = +13(P- 2 - ) ° °

R R
where, E5, and EZ, are price elasticity of demand and

where parameters Eq. 11: E5, and ES, are price elasticity of supply for products A

N and B in their equilibrium. Price elasticity of dand and
T =Tp +EO 1) price elasticity of supply are defined as followes E7:
A
©=r +%9Ab e - PO . o PdQ, 17)
z Q, dP Q P

In the equilibrium for product B Eq. 12: Similarly, we define a differentiation elasticityf

demand that is a percentage change of the demgnd sa
QG (R)=&(R)= dande (12)  (negative shift along quantity axis) over the patage
627
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change of the horizontal (positive shift along titce  where,1p andts are the slopes of the demand and supply
axis) demand shift due to differentiation according lines correspondently. As it was shown above (sge E

Eq. 6 and Eq. 18: 13), in the linear approximation by differentiatidine
appropriate slopestp, and 15 are the same
= PAG _, P (18) correspondently for all products of grotipEq. 22:
QAR Q
1) =T,andy =t.foralln= 1,... ,N (22)

Or for eqilibrium pom(F;;* ,Q‘S) Eg. 19: As well as the price markup rates and the demand

sag rate are uniform across all products in groums

o =5;AQ3: =)\ﬁ (19) shown in Eq. 23:
Q@ AR G
5" =Gy
Differentiation elasticity of demand ¢Eis not cm =, (23)

defined on a single demand curve with varying price
like price elasticity of demandpEor supply k. Price
elasticity of demand g or supply E both describe a
specific property of product quantities along agn Note that each product in group is in its market
demand or a single supply line with changes inepric  equilibrium and the equilibrium price for each puot
contrast, & is defined on the demand curve shift and sads different from the equilibrium price for other
caused by differentiation and describes morphingProducts in the group due to product differentiasio
properties of the demand curve caused by differtoni. Thus there is no single equilibrium price for theiee
Note that though the demand lines for products group [1 because each product is sold at its own
and B have equal slopes at the appropriate markefquilibrium price P}, different from the equilibrium
equilibrium points as well as the supply linesgemeral  prices for other products in the group. On the othe
Eno % Ep, and ES #Eg, due to differences in hang, the total equilibrium quantity,Q@or the entire
equilibrium quantities and prices. Similarlgs, # E2, . group [ is the sum of equilibrium quantities of each
The equilibrium price and quantity for product B product Q; of the group at its own equilibrium price

shown in Eq. 15 can bg rewritten in terms of etésti P". The average equilibrium quantity in the grodg,,
Ep,, ES,and EJ, according to Eq. 16 and 20:

DO !

A™ =\

per each type of product in the group equ@ls/N .

PS = P+ EA,Co +AEg0cSA- By Co e Though a single equilibrium price within grgllm) does
Ebo * Eso (20)  not exist, the average price for the gro@p makes
Q8 = +%E§0ESO(CDA_ Cs); E5oCo gas good sense. The total equilibrium quantity, @nd
0 Eoo * Eso average priceP, for the entire groupl] can be

Market mix of productswith small differentiation: calculated as follows Eq. 24:

A general approach: Consider a market that consists .
of a group [ of similar products, i.e., N different Q=D
products with small differentiation between eacheot n=1

Assume demand and supply for each product n (n = 16 _Q :iZN:Qn (24)
..., N) is in equilibrium. Then according to Eq. et ~° N N4&°°

equilibrium price B} and quantityQ; for each product ) —LZN:F’“Q}

n can be expressed in terms of equilibrium prize QR

and quantity Q' of another product m of group

slightly modified with the appropriate differentat
O@™. Product m is referred to as a reference product:

Taking Q) and B} from Eq. 21 and using them in
Eq. 24 one obtains Eq. 25:

- C,-C,)-AC, &
P(? - R)m + TDCD +TSCS )\CD @mn Qo = NQ? +TSTD( D S) Dzemn
o *1s 1) ¥l (25)
1,(Cp, -~ Cs)-AC, = T1,Cp + TsCs—~ACp & _n
n = m +T emn P = FW 1+ D~D sS¥s D @
QO QO S TD +TS 0 0 _[D+_[s nzﬂ
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Symmetric approach and average products. As soon

as a reference product m in the group can be select R
arbitrarily, let's select product A as an averagedpct Q -
of group O to be a reference product within graup Virtual
SUCh as: Q{z “““ product 4
%
N
> eM=0 (26) x>

ProductA can be a real product in grotpif such
a product exists or a virtual product used justaas
average reference point. Then from Eqg. 25 and 26 it
follows that Eq. 27:

.
-
—>
)
-

90 = NG} (27) Fig. 2: Local equilibriums for slightly differentrducts
P=FP in a near-perfectly competitive market
Then Q! and P! for each individual product n ¢=P-V (28)

from group 0 can be calculated as of Eq. 26 with
differentiation®"" relative to the average produkt

It is important to clearly understand that thesai
total equilibrium quantity @for the products of group
O but the equilibrium prices for different produftsm
the group are different, i.eR # P for any n#zj in V=V +V, (29)

group O if ©) #0 due to differentiation. The average

where, P stands for price and V for value. Value
depends on the product feature set, on consumer
perception and willingness to buy and on the mairket
general. Value can be expressed as Eq. 29:

= I . where, \£ is the market value of the product feature set
price R, is just an average equilibrium price for the £ 504 \4 is a constant value independent of product
group but may not be an equilibrium price for anyfeatures but related to the market in general. & #dua
actual product of group R. Each product in the grou complex concept that cannot be understood
has its own equilibrium price and quantity as it issimplistically; it is a perceptional entity that rsot
clearly seen from Fig. 2. Product m in Fig. 2 mayab based on cost or savings only.

virtual product that meets the conditions of Eq. Rée By analogy, the concept of price-value potental i
to the differentiation between products of gratiand ~ Similar to the concept of free energy or thermodyica
the absence of a single equilibrium point, one oann Potential in physics (Landau and Lifshitz, 1980jd3¢
apply the concept of demand and supply equilibriam 1996), _where money can be und_ers;ood as V|r_tual
the entire grouph] as a whole because the products ar&nergy in eco_n(l)rpmlz (Landgu ?nd L|fs|h|tz, le;S_OboeLl
slightly different and hence their equilibrium micare " 2Ny potential field, an absolute value of thecer
different too. This kind of situation is quite coram value potential is not important while a _differenok

b h bsolutelv simil ducteah potentials and their gradients produces work and is
w%?ﬁju;earkztrse are no absolutely similar productsa significant for dynamics and equilibrium analysEsr

i . . . ) this reason an accurate definition of value in 2jand
A legitimate question arises, how applicable s th

\ 29 is not as important as an accurate definition of
demand-supply theory to any market, particularlyato ittarences of value.
near-perfectly competitive market, if there is nngte Any small differentiation of the product featuret s
equilibrium price for any group of products everttmthe £ oquits in small changes of value V as Eq. 30
slightest differentiation. Is economic theory jastabstract
exercise or can it be practically applied to sobad world K
problems? In the next part of this article, we wijl to AV =4V, =GO =3 g,8, (30)
provide an answer to the question posed above by k=t

introducing the concept of price-value potential. where,AV is value differentiation, i.e., the difference of

Price-value potential: product equilibrium values due to differentiati@hjs a

Definition of price-value potential: Let's introduce vector of value change rates that shows a changefa

price-value potentialp, that will be used in place of the product value vector per one percent of

price in market analysis and modeling Eq. 28: differentiation, G = (g0,....) and © is the
629
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differentiation vector,® = (B8, 6,,... 6y), against the Q
reference feature set. The difference between wégto o
in Eq. 30 and vectorsgCand G in Eq. 3 is that vector o SR ", DR

G identifies a shift of the market equilibrium ptsn
while vectors @G and G determine shifts of the demand
and supply curves correspondingly due to
differentiation®. With small differentiation, the total
value differentiatiomV can be represented as a linear
expansion of the value differentiations. Accordtag
Eq. 15 the value differentiation of Eq. 30 can be Q!
written as Eq. 31:

C,+1.C.—-AC %
Av = 1ot Tlsts AL o (31) .
To +Tg .

, , : Q' S~ ,
and the total difference of the price-value potardss: SN DX
Ab = AP- ,Co +TS+CS—)\CD@ 32) (bO ([)

T T

b Fig. 3: Market equilibriums for different products
where, 1, and 15 are the appropriate S|0pes of the with small Q|fferent|at|0n in terms of price-
demand and supply curves,pCand G are the value potential
appropriate shift rates for the demand and supply )
linesACp is the demand sag a@is a differentiation of For any two products A and B in group. The

feature set F of the product as defined earlignénstudy. ~ condition in Eq. 34 completely concurs with Eq. 32.

Price-value potential conservation principle: Let's  Market equilibrium for products with small
introduce a cross-product price-value conservatiordifferentiation: Applying the conservation principle
principle that defines the cross-product marketayr =a¢pm stated in Eq. 34 to a group of productone

equilibrium condition. The conservation principlates .., oagjly find that the equilibrium potentials fsch
that the equilibrium price-value potential is camgtfor tproduct n in the group is:

all products in a balanced economy where all marke
are in equilibrium, i.e., the differentiation gredt of
price-value potential is zero in equilibrium Eq: 33 AP™ -

Oo9, =0 (33)

w@mn (35)
T + Tg

. . I . where, AP™ is the difference between equilibrium
where, A@q, is the gradient of the equilibrium price- . i )
value potential over all products in equilibriumniets. ~ Prices for products n and m correspondingly. Tegift

The meaning of the conservation law is that crosséompletely corresponds with the results of the
product equilibrium on the market is dynamically traditional price-quantity approach shown in Eq. 35
flowing from the higher price-value potentials tods According to Eq. 28, 29 and 32 the demand and
lower ones until all price-value potentials in @os SUPPly curves for each product n in grotp can be
product equilibrium reach the same level. Similady rewritten in terms of price-value potential as:

free energy or thermodynamic potential in statitic

physics (Landau and Lifshitz, 1980; Reiss, 19963 t Qp(¢)=Q,(P- F)
minimum of price-value potential can be used inkaar o~ (36)
analysis as a condition for a steady state or ibgiuiin. Qs(9) = QD(P' Fc’;)

Assuming that all products in grolpare in cross-

product market equilibrium, then, according to thewhere, P is the equilibrium price for product n from
conservation principle the equilibrium price-value .
potential for all products in group has to be the same 9roup [l. Demand and supply curves are presented in

for all differentiations, i.e.: Eq. 36 as functions of price-value potential, @, (
rather than a function of just price, Q (P), aglassic

(34) economic theory. Then the condition for market
equilibrium for product n is:
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Qb (05) = Q3(¢s) (37)  calculated according to the definitions of these
parameters given in Eq. 24 and equilibrium priced a

It is quite clear from Eq. 36 that price-value quantities for each product shown in Eg. 41 and
potential in market equilibrium is equal for aloplucts ~ calculated from the price-value potential conseovat

of group 0 as shown in Eq. 38 and in Fig. 3: principle of Eq. 34:

¥h= =0y == 0l =0, @) R=eDo ::ﬁss_m”g@”’"

equiﬁ;‘riiljr‘:\s p(;rli?:aer—l\)/la?ueee np(];rtgl;\ntijg ._l‘gr7 :IIndprEigl'msm,E t-he Qo= NQJ +7,7 (CDT; SST)S_)\QD glemn (42)
ornale of £a. 34. Each produdt tom grolp nas &= 2 =gy + Lr, % (GGG S o

the same equilibrium potentialyy and its own
equilibrium quantityQ; . Thus the cross-product market where, m is any product in group taken as a point of

equilibrium for group [0 is represented by the reference for differentiation.
equilibrium point of price-value potential and gtites

(@, Q) Where Eq. 39: Product pricing relative to average price:
Differentiation @™ can be measured relative to any
Qo(%):ng(%) (39) product in group. However, it is convenient to
n=i measure the differentiation relative to the average

o ) ) product in the group. Average product A is defirzed
Product pricing, average price and total quantity for  one which has a differentiation that is equal te th

a group of products with small differentiation:  4yerage of all differentiations within the groupcs as:
Products of groupal are in market equilibrium with the

same price-value potentigh and total quantity gfor .
the entire groupd. However, each product n (n = 1, 2.0 =0 (43)
2,..., N) in the group shows a small differentiatfoom n=t
other products in the group. Differentiation can be

measured relative to any product m in graupFor all group, the average product A can be defined agtzati

produc_:tsl O.f gr(r)]upD the eq_uilitm>nrium pkrjice-var:ue one. The average product can be found or virtually
potential is the same, i.a¢™=o0, ut the  jofined as Eq. 44:

differentiation value is different according to EB8.

If a real average product does not exist in the

Then the equilibrium price and quantity for produact I N
relative to reference product m in gropare Eq. 40: o™= Z@ (44)
n=1
P =P+ %G +TSCS_)\CDemn
Tp+Ts (40) That leads to condition in Eq. 43 to become Eq. 45
n m TD(CD_CS)_)\CD mn
QO = QO +TS—®
5 +'|IS

zN:eA" = zN:(eAm + zN:em"J = ZN:(@Am +O™)=0  (45)
The difference of the equilibrium prices and "* =t w1 w1
guantities between products n and m in grauare:
Then according to Eq. 42 and 43 and taking into

AP = R — PP = ToCp +TsCs=ACp mn account tha®™ = 0, the average equilibrium pride
TtTs (41) and total quantity Qare related to the equilibrium price
mn_ -« T0(Co = Cs) =ACy and quantity for the average product A of grdupas:
AQ"=Q- Q= TS?G
D S
Q=2
° N (46)

The average equilibrium price and the total _
equilibrium quantity of all products in group can be R =R
631
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where, @ and P, are the total equilibrium quantity and Market view

average price of the products in grddp According to
Eq. 40 and 46 the differentiation adjusted priaeefach

product n from groupl is Eq. 47:

R =R+AR
-9, ney (“47)
QO = W + AQO
where: - -
Qo Q
APP = T,Cp +T,C-AC, @A (a)
Q! = TSTD (Cp-Cs)-AC, o Firm’s view
T, +Tg 0
Replacing the demand and supply line slopgs
andtsin Eq. 48 with the appropriate elasticity as in Eq
20 one can easily rewrite Eq. 46 in terms of edégti $o
Apon - ESOCD + Egocs_ E:)OCDOAn
Ego * Eo (49)
Qo e E5o(Co = G) - B5oC
AQS = iEéo DO DA 'S - 0 D@An
NPO EDO + ESO q

(b)
A s i L . Fig. 4: Market equilibrium in terms of price-value
supply and E,, is the differentiation elasticity of potential (a) market view versus (b) a firm's viewthe

demand for the average product in grdupas defined model of perfect competition
in Eq. 17 and 18.

where, E5, and EZ, are price elasticity of demand and

Demand and supply curves in Fig. 4 relate to all
Pricevalue potential for a near-perfectly  products in the market. In the market view price
competitive market: Firms in a perfectly competitive elasticity of demand and price elasticity of supphg
market are price takers in classical economic theor g2 and E2,. Price-value elasticity of demang, and

However, classical theory fails to suggest price . - .
variation in the case of small product differerias  Price-value elasticity of supplgs on this market can be

on near-perfectly competitive markets. The price-défined as Eq. 50 and 51:

value potential used instead of price for market

equilibrium solves this problem. ¢D=-Qi% and ¢s=%% (50)
Market equilibrium in terms of price-value °

potential for products with small differentiations a

near-perfectly competitive market is presentediin & __P-B-V\ aQ _ P P-Yydq
in accordance with the definition of price-value "° ™ Q dP-R-V) Q dP
potential in Eq. 28 the market equilibrium pricdue P_p-V\ aQ P p- \ dQ (51)
potential conservation condition in Eq. 38 and reark = e =- L
equilibrium shown in Fig. 3. Q dP-R-V) Q dP
Consider a near-perfectly competitive market
which consists of a grouf] of products with small Taking into account the definition of price-value

differentiations. All products in the group haveeth potentialin Eq. 28 and 29 one can derive that3q.
same price-value potentig@) in market equilibrium but

their differentiations result in differences in waé o __Vop and o =-Yo E (52)
according to Eq. 29 and 31. Differences in product »* PR ¥ R 7

values result in differences in product pricing@ding  Pricing on a strawberry market: Let's, as an

to Eq. 32 and 49 and the price-value potentiakxample, analyze a strawberry market that is almost
conservation condition of Eq. 38. perfectly competitive. Suppose an average equilibri
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price (per pound) and total equilibrium demands (inHence:

pounds) are Eq. 53:

_ 0" = 20%; 0% = 8%, 0¥ = 5Y (58)
P, =$250/b and (& 30,000 (53)

And the differentiations of all three productstioé

However, strawberries sold on the market may roup relative to the average product A are Eq. 59:

show some differentiation. Suppose there are threg
kinds of strawt_)l_ebrr_|es ondthe mgrket,[} and y.dTr;e 9r = —20p; A% = - 8%; 0h% = - 5%
average equilibrium eman per product is .. AB _ 10 B — sop- (59
Q) =Q,/3=10,000 I.. Strawberries of kindo are 67 =-12%; 83" =12%; 657 = 5%; (59)
L . 81 =14%; 85 =-4%; 0% = 0%
taken as the reference strawberries, i.e., all esispns
are made relative to strawberriesPlease note that the
reference product is not yet the average produc&3 a
Strawberries of king3 are 10% smaller in size, 20%
sweeter and 10% more fragrant than strawberries
kind a. Strawberries of king are 16% larger in size, . ou_oge-s1ar; cov =3 @ -- s11 (60)
4% sweeter and 5% more fragrant than strawberfies o
kind a. We can say that strawberries show three type&©”* =26’ =s076; =3 '€= $033

k=1

This means that according to Eq. 3 strawbertjes
ndy have total demand and supply differentiation
Or}narkups of Eg. 60:

3 3

of differentiations,0, for size, 6, for taste and; for C,0M =Y 6l = $0.68; @Y=y k= $0.84
smell. Note that some features can be objectively

measured (like size) while some other qualities arger pound relative to the average strawberries AAngt
partially or completely subjective (like smell). @inthe  forget that the average strawberries are virtudlaere

differentiations can be written as Eq. 54: introduced only for the sake of a convenient paifit
reference. Then according to Eq. 49 one can fird th
B* =-10%; 63" = 20%; 6% = 10v difference of the equilibrium prices of strawbesrig p

0 = 16%: 0 = 4% O = 5% (54) andy versus the average market price Eq. 61:
1T ’ 2 = ’ 3

EpCo tEG- B OCDGAu

Suppose the price markup rates for thosefR = R+ B
differentiations are Eq. 55: 040- 030 043
T imoe oK
ClD = $008. é = $011| SG: OC APP = EDOCD+ Esocs_ anCDeAB (61)
1 . . 3 (55) ° E30+Ego
c;=$0.08 &= $0.07, = 0.0 037+ 004 041
ST 1mv09 $0.10
Per pound for each 1% of differentiation of the EpoCo+ EsyCom EyoCon
appropriate feature. Also suppose, just for exanthkt AR ‘we
demand is slightly elastic, supply is slightly iastic _0.02+ 005 002 o o
and differentiation elasticity of demand is slightl 1.1+ 0.9 '

elastic, i.e., price elasticity of demandy.Eand price
elasticity of supply, & as well as differentiation
elasticity of demand,E,,, for the entire strawberry

market are Eq. 56:

and the difference of the appropriate equilibrium
guantities versus the average equilibrium quanGty
per group Eq. 62:

a :QoEso,,EDO(CD_CS)_ oG

. BT Epo+E o
EDO = 11, %0 = 09, EO = 1. (56) 0 po T Eso
= 3609—_0()'093:10:']_43: 718 Ib
The average product on this market does not exist QE £ (6 ~C)-EG (62)
in reality, so we introduce virtual strawberrieskafd A~ A% = NB T BBl O
with the average differentiation of all strawbegrie _
: = 36028041 _ 596 |
according to Eq. 44 and 57-58: 0.9+1.1
AQ! = QoEso % EDO(CD - CS)_ EODCDeAu
1 ° NEO EDO + ESO
oA == Z e -0.04- 0.02
K 3 K (57) = BO0O 2 2% 120 |p
x=a,B,y 0.9+1.1
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Tablel: Equilibrium prices and guantities for stoawieso, f andy

Differentiation vs
average product

————————————————————————— AR AQ; ARIR AQGQ) R &
Product 1 2 3 (%) (Ib) (%) (%) (%) (Ib)
Average 0 0 0 0 0 0 0 2.50 10,000
o -2 -8 -5 -0.45 2,576 -18.2 8.6 2.05 12,576
B -12 12 5 0.11 -790 4.4 -2.6 2.61 9,210.0
Y 14 -4 0 0.34 -1,786 13.8 -6.0 2.84 8.214.0

Prices and quantities of products farp andy in the  Different equilibrium prices for a group of prodsiéh a
equilibrium are shown in Table 1. Note that acougdi near-perfectly competitive market make it impossitol
to the definition of price-value potential in Ecg,2its ~ discuss market equilibrium for the entire group of
properties shown in Eq. 32 and calculated reshibsva products within the framework of a classical price-

in Table 1, price-value potentials for all thre@qucts guantity approach. In result, actual recommendation
. L oo market participants are basically made impossible
in market equilibrium are equal, i.e.:

within the model of perfect competition.

By analogy with physics, money plays the role of
energy in the market, but it is well known from plog
that energy in not the only parameter responsibfe f
motion and equilibrium. Price-value potential was
introduced by analogy with free energy or
strawberriesa, B and y reflect the correspondent ;[jhermogynaamm p?tentla_ll_lt?_physmsland psed fdoﬂ;:tar
differentiation in the almost perfectly competitive emand and supply equilibrium analysis insteadroep

The price-value potential conservation principle swa

market. Thus we can conclude that though in th(? lated. Th . inciol Hl
classical model of perfect competition all partaips ~ormulated. The conservation principle states ta@t

of the market must use the same price for all prtsju products in a market steady state or equilibriuvehae

the differentiation approach described above prewid Same level of price-value potential. ,
constructive suggestions on price variation due to The price-value potential was applied for the

5 =5 =+ =95 (63)

that completely meets the price-value potential
conservation principle formulated in Eq. 34 and 38.
As seen from Table 1, the equilibrium prices for

product differentiation. analysis of a near-perfectly competitive marketwéts
shown in this study that for a group of productshwi
CONCL USION small differentiations in a near-perfectly compett

market, the equilibrium price-value potential iseth
same for all products in the group in contrast to
different equilibrium prices. Thus the entire groap
products can be considered the common market
equilibrium. This was impossible to do in the ttamtial
Egrice-quantity approach. The prices for each

A near-perfectly competitive market is similarao
classical perfectly competitive market except threrfer
allows for small differentiations within the grougf
products while perfect competition implies complete

homogenepus _produqts. A near-pe_rfectly qompetitiv ifferentiated product in the group vary accordioghe
market exists in reality where buying decisions ar€qresponding differentiation part of the priceusl
made on market equilibrium prices against produchgtential. The price-value potential approach is a
differentiation, as opposed to simply price takiing  constructive enhancement to the classic economic
perfect competition. Perfectly competitive markdts  theory because it provides a more comprehensive vie
not exist in reality because products, even similaiof the market of products with differentiations.ider
products, always show some differentiation. Thevalue potential can be used to analyze a market of
concept of a near-perfectly competitive marketl®a group of products with small differentiations in
different from monopolistic competition, where equilibrium as a whole, as well as to find the
differentiation may be significant, brands play dler appropriate variations of equilibrium prices and
and buyers make their decisions based on more thaguantities in this market. The classical approaased
just a price-differentiation basis. on price and quantity for demand and supply fails i
Equilibrium prices and quantities for productstwit such analysis while the price-value and quantities
small differentiations in near-perfectly competitiv approach leads to constructive results.
markets were discussed and analyzed in this study. For example, according to the classical model of
was shown that the differences of prices and qtiesiti perfect competition, all products on the market sl
of such products are proportional to differentintio at the same price. Such a model is an abstradtiat t
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has no practical application because in the realdvo Mas-Colell, 1975. A model of equilibrium with

products always have some differentiations andtfisr differentiated commaodities. J. Math. Econ., 2: 26%-

reason are sold at different prices. The new amproa  McAfee, R.P. and V. Velde, 2008. Dynamic pricing

price-value potential easily handles such a sibuati with constant demand elasticity. Product. Operat.
The price-value potential and its conservation Manag., 17 432-438. DO

principle lay out the foundations for further 10.3401/poms.1080.0041

enhancement of economic theory. In future studys, t Mishra, S.S. and P.P. Mishra, 2008. Price detertoina

price-value approach will be applied to the analysfi for an EOQ model for deteriorating items under
different markets. This approach will also be agglio perfect competition. Comp. Math. Appl., 56: 1082-
the analysis of intra-market and cross-market 1101.DOI: 10.1016/j.camwa.2008.01.034
equilibrium, steady state and dynamics. Novshek, W. and H. Sonnenschein, 1980. Small
efficient scale as a foundation for Walrasian
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