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Contraposing the three-level vendor managed inventory & third party logistics (VMI & TPL)
supply chain composed of single vendor, single TPL and single retailer, this paper introduces
the buyback contract model and conducts evolutionary game theory-based comparative
analysis on the evolutionary stable strategies of supply chain before and after the introduction
of the model. According to the result of the evolutionary game between vendor and retailer,
the two parties in the original VMI & TPL supply chain either adopts the strategy of
(cooperation, cooperation) or (non-cooperation, non-cooperation), leaving the supply chain in
an unstable state; after the introduction of the buyback contract model, the supply chain profit

is redistributed, and the two parties turn to the strategy of (cooperation, cooperation). In other
words, the introduction of the buyback contract model improves the coordination and stability
of the VMI & TPL supply chain.

1. INTRODUCTION

With the increasingly fierce competition of supply chain in
modern society, vendor managed inventory (VMI) has gained
more and more popularity. The business alliance-type
inventory management mode is capable of eliminating the
uncertainties between node enterprises in the supply chain [1].
Thanks to the successfully introduction of third party logistics
(TPL), the VMI supply chain has become even more efficient
and effective in recent years [2]. Due to the rapid changes in
social and market environments, however, the inter-enterprise
competition has upgraded to a competition between supply
chains. In this background, it is of great theoretical and
practical significance to introduce the relevant constraint
mechanism, aiming at improving the coordination stability and
competitiveness of VMI & TPL supply chain.

Fruitful results have been obtained on the coordination of
VMI & TPL by scholars at home and abroad. Cachon [3]
studied the channel coordination problem with VMI secondary
supply chain by game theory, pointing out that the supply
chain can be optimized only if both the retailer and the vendor
are willing to share their profit and offer fixed transfer
payment to encourage the implementation of VMI. Cetinkaya
and Achabal et al. [4, 5] focused on the operational framework
of the VMI, Disney and Towill [6] made a detailed research
on the cost and profit of the VMI supply chain, Tyan [7] and
Yu [8] examined the inventory management problem under
the VMI supply chain. Through the analysis and summary of
the integration model for VMI & TPL supply chain, Han
Chaoqun [9, 10] developed an integrated model for VMI &
TPL supply chain, and, on this basis, presented the specific
operation mode, thus laying the scientific basis for enterprises
to choose a proper strategy space for implementing VMI &
TPL supply chain. Furthermore, Han constructed an
evolutionary game model of VMI & TPL supply chain
cooperation mechanism based on the evolutionary game
theory, and probed into the dynamic evolution of the
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cooperation between bounded rational vendor and retailer [11-
13].

In light of the above, this paper introduces the buyback
contract into VMI & TPL supply chain and conducts an
evolutionary game theory-based comparative analysis on the
evolutionary stable strategies of supply chain before and after
the introduction of the model.

2. ASSUMPTIONS

This research is targeted at a three-level VMI & TPL supply
chain composed of single vendor, single TPL and single
retailer, in which the products have short life cycles and the
retailer faces randomly distributed and predictable market
demands. The assumptions are as follows:

(1) Both the vendor and the retailer are risk-neutral and fully
rational (select the strategy that maximizes the expected profit).

(2) The node enterprises in the supply chain fully share all
kinds of information, including the cost structure, profit
function, etc.

The parameters are listed below:

p—The retailer’s selling price sale price; it is an exogenous
variable determined by the external market environment;

¢c— The retailer’s unit marginal cost (except the product
procurement cost);

¢s—The vendor’s unit production cost, c=c,+cs;

g—The retailer’s unit penalty cost caused by short supply;

g—The vendor’s unit penalty cost caused by short supply,
g=8rtgs;

w—The wholesale price for the products sold from the
vendor to the retailer;

g—The order quantity decided by vendor for retailer;

h—The stockholding cost per unit product;

Tr~—The fixed transport cost;

T.—The variable transport cost per unit product;

v—The residual value of unsold product;



D—The retailer’s stochastic demand; the distribution
function is F(x), and the density function is f{x). The F(x) is

continuously differentiable and strictly increasing, and F(0)=0.

It is assumed that F(x)=1-F(x), and z=E(D) is the expected
demand.

Suppose the expected sales volume is S(g), the expected
residual inventory is /(g), the shortage function is L(g), and the
expected transfer payment from the retailer to the vendor is T,
and we can get:

S(q)=min(q,D)= q—joq F(y)dy (1)
1(9)=(a-D) =q-S(q) )
L(a)=(D-q) =x-5S(a) 3)

For rational decision-makers, it can be assumed that
p>a>c>g>h.

3. EVOLUTIONARY GAME ANALYSIS OF VMI &
TPL COORDINATION

3.1 Profit analysis of supply chain

(1) Profit analysis of RMI supply chain

Under the operation mode of retailer managed inventory
(RMI) supply chain, the vendor and the retailer manage their
own inventory separately; In light of product sales, market
demand and its own inventory level, the retailer predicts the
future demand and determines the order quantity, and sends
the order request to the vendor; after receiving the request, the
vendor will arrange production according to the order
information and its own inventory level, and eventually deliver
the products to the retailer. The objective function of each
party is established with the aim to maximize the profit of the
party.

R R R
The 1:[ , l;[ and IT are used to denote the profit of the

retailer, the profit of the vendor and the profit of the entire RMI
supply chain. Based on formulas (1), (2) & (3), we can obtain
the following functions:

The retailer’s profit function:

R

g:ps(q)—wq—i-vl (q)—crq—g,L(Q)—hr'(q) (4)

:(p+gr+hr _V)S(q)_(a)+cr +hr_v)q_gr/'l

The vendor’s profit function:

R
1}:a)q_csq_gsl‘(q)_hsl (q)_Tf _Tvq

®)
:(gs +hs)S(q)+(a)_Cs_hs _Tv)q_gsru_Tf
The entire supply chain’s profit function:
R R R
M=T+I1=(p+g+h-v)S(q) ©

—(c+h+T,-v)g—gu-T,

(2) Profit analysis of VMI & TPL supply chain

It is assumed that VMI & TPL supply chain is implemented
in the following strategy space: the retailer selects the nearest
warehouse, the vendor determines the inventory, and the TPL,
responsible for the establishment of information platform,
inventory management, and products delivery, receives the
commission from the vendor according to the service it has
provided. The ownership of inventory will be transferred to
retailer after the TPL completes products delivery.

In VMI & TPL supply chain, the inventory decision-making
power is transferred between the node enterprises. Specifically,
the vendor determines the inventory level, order quantity and
delivery lead time, while the retailer no longer manage its own
inventory. This means the vendor should bear the ordering cost
c=c,tcs.

Since the TPL is responsible for inventory management and
products delivery, and receives commission from the vendor
for the service it has provided, the transfer payment is:

f(q)=T, +T,a+khl (q) )

where k; is the agent inventory cost coefficient of the TPL, and
k1€(0,1). The agent ordering cost coefficient k>€(0,1). The
vendor’s ordering cost is greatly reduced through informatized
and standardized order processing owing to the advanced
information technology of the TPL. The inventory cost is also
decreased because the TPL has apportioned the fixed transport
cost through professional operation mode, involving the
optimize the distribution plan, expand the scale of
transportation, and shorten the transport route. Therefore,
k1h<h, koc<c.

VT VT VT
The T1 (¢), 1 (¢) and IT (g) are used to denote the expected
r S

profit of the retailer, the vendor and the entire VMI & TPL
VT VT

VT
supply chain, respectively. The IT, IT and IT are used to

denote the profit of the retailer, the profit of the vendor and the
profit of the entire VMI & TPL supply chain. In this way, we
can obtain the following functions:

The retailer’s profit function:

VT
I1=pS (q)+vS(q)®wqeg,L(q)

®)
=(pov+9,)S(q)+(vew)qeg, u
The vendor’s profit function:
VT
1 =0q-kcq-g,L(a)- f(q) ©)
= (9, +kih)S () +(o-kh-kc-T,)q-g.u-T,
The entire supply chain’s profit function:
VT
I=(p+g+kh-v)S(q) (10)

+(v-kh-kec-T,)q-gu-T,

Compare the retailer’s profit and the vendor’s profit under
two types of supply chain modes:

VT R
I, =TI-TI =c,q+h.[q-S(q)]|>0 (11)



VT
=I1-
S

. —kh)[a-S(a)]+(

It can be seen from formulas (11) & (12) that the VMI &
TPL manages to increase both the retailer’s profit and the
vendor’s profit.

:I
Nl

(12)
(c,—k,c)g>0

3.2 Evolutionary game of chain

coordination

analysis supply

(1) Construction of game model

The vendor and the retailer both adopt the strategy set of
{cooperation, non-cooperation}, that is, both or neither of the
two parties choose cooperation. The situation is called a
symmetric game. When both of them choose non-cooperation,
the two parties form an RMI supply chain; each of them
manages its own inventory and makes its own profit in RMI
supply chain. According to the stategy space of VMI & TPL,
the TPL participates in the VMI supply chain through
transactions. In other words, the TPL only provides services
and does not make decisions. Therefore, this paper only
considers the strategy selection of the vendor and the retailer.
When both of them choose cooperation, the two parties form
a VMI & TPL supply chain operation mode with the TPL.
Before implementing VMI & TPL supply chain, the two
parties need to carry out preliminary works like infrastructure
construction, system upgrade and mode optimization. If one of
the parties scraps the contract unilaterally, the preliminary
investment of the other party will become sunk cost. The profit
of the other party is determined by substracting the sunk cost
from its profit under RMI supply chain, while the cost of the
breaching party is equal to its cost under RMI supply chain.
Suppose the preliminary cost of the vendor is m, and that of
the retauker is n. Based on the above analysis, the payoff
matrix of the retailer and the vendor is obtained (Figure 1).

As analyzed above, the game model is a symmetrical dual
population evolutionary game. The evolutionary stability of
the vendor and the retailer’s behavior and strategy is analyzed
by iterative dynamic equation.

Due to the stochastic and independent nature of the vendor
and the retailer’s selection of behavior strategy, the
probabilities for the vendor to choose cooperation and non-
cooperation are assumed to be o and 1-a, respectively; the
probabilities for the retailer to choose cooperation and non-
cooperation are assumed to be fand 1- §. Both o and £ fall
in the range of (0, 1).

VT R

H H andH are used to denote the fitness of the vendor

under VMI & TPL strategy, the fitness of the vendor under
RML strategy and the average fitness of the vendor,
respectively. Then, we have:

M- it (1-p)| - (13)
f1= 1t (- )11 049
i:awg+(1—a)1ji (15)
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By definition, the iterative dynamic equation reflects the
direction and the speed of players. The growth rate of the times
that the vendor chooses cooperation a*/a is calculated by

VT

subtracting the average fitness H from its fitness IT .
S

According to formulas (13), (14) & (15), we can get the
iterative dynamic equation for the case that the vendor chooses
to implement VML & TPL supply chain is:

a% =Vr:[_n_s= —a)[ﬁ(\lfl—lfn mj—m} (16)

Similarly, if the retailer chooses cooperation, its iterative
dynamic equation under VML & TPL supply chain is:

s

Let a*=da/dt=0, p *=df/dt=0, and calculate formulas (16)
& (17) to get the following conclusion: Conclusion 1: Since
a=0.1 and £=0.1, (0, 0), (0, 1), (1, 0), (1, 1) are the
evolutionary balance points of VMI & TPL supply chain. If
a0 or 1 and 20 or 1, then:

=(1- ﬂ){a(ﬂr—fhnj—n} (17

n
Q, =W (18)
IT-II+n
r
m
II-II+m

whereas a, (0, 1), (aw, f) is also the evolutionary balance
point of the supply chain under the condition that aye(0, 1),
Poe(0, 1).

For further study on the stability of the evolutionary balance
points of the supply chain, it is necessary to establish the
Jacobian matrix J:

da’ do’
J= da. ﬁ
a5 4
da dgp (20)

. (l—2a)[ﬂ(\lg1— 1§1+ mj— m}
= ﬂ(l—ﬁ)(ﬁ—li:n nj (1—2ﬁ)[a(vl‘[:—1%[+ n)—n}

VT R
a(l-a)(l"[—l"[-s— m]

The determinant of matrix J is calculated as:

J= (1-2a)[,b’(f[—l§l+ mj - m](l— Zﬂ)[a [VI:T[— 1?[+ n)— n}
_a(l-a)(f[-fn mj. (1 ,B)(WI:[—IE:Hnj
1)

The trace value of matrix J stands at:



R

fiom) o]
1

Mon-cooperation

tr) :(1-2a)[ﬂ(§—

~(1—2,B){a[ﬁ—

(22)

R
IT+n
.

Cooperation

Cooperation

T T

B B
1]

Mon-cooperation

2
I1

|1l;:|pu

Figure 1. The payoff matrix of the retailer and the vendor

(2) Solution for the evolutionary stable strategy (ESS) of VMI
& TPL supply chain

vT R
According to formulas (11) & (12), there are IT >1I1 and

VT R
IT >TIT1 under the VMI & TPL supply chain. Thus, we can

obtain the following formulas:

n
oy =7—=—¢<(0,1) (23)
I1I-T1+n
m
By=v—= €(0,) (24)
II-TT+m

As can be seen from conclusion 1, the evolutionary balance
points of ESS under the VMI & TPL supply chain include (0,
0), (0, 1), (1, 0), (1, 1) and (o, Bo).

The ESS analysis results of the evolutionary balance points
are shown in Table 1.

Table 1. The ESS analysis of VMI & TPL supply chain

n m
Evolutionary balance points (0, 0) 0, 1) (1,0 (1,1) v R 'V R
[I-II+n II-IT4+m
vT R VT R
“mn (n_nj(n_nj
VI R VI R VI R\/VT R S r
det] Formula mn n[lz[— 1}) m(IZI— 1?) (IZI— I;Ij(l?— IIIJ R e
(H— I+ mj(l‘[— I+ n)
Symbol + + + + -
\28 R vt R VT R VT R
] Formula -m-n II-II+n II-TI+m —(1?—1?) - (1:1—1:1) 0
Symbol - + + -
Equilibrium outcomes  ESS  Unstable point Unstable point ESS Saddle Point

As shown in Table 1, the ESS of VMI & TPL supply chain
is (0, 0) and (1, 1), indicating that, under VMI & TPL supply
chain, the evolutionary game between the vendor and the
retailer ends up with both or neither of the two parties choose
cooperation. This creates a hidden hazard for the coordination
and stability of VMI & TPL supply chain. For example, if the
vendor, unware of the changes to the retailer’s market demand,
sticks to the original production or delivery plans, the
inventory of the vendor or the retailer might increase, forcing
the two parties to adopt the non-cooperation strategy.
Eventually, the supply chain will evolve into a RMI supply
chain.

4. EVOLUTIONARY GAME ANALYSIS OF VMI &
TPL AFTER INTRODUCING BUYBACK CONTRACT

In order to overcome the coordination instability in the VMI
& TPL supply chain, this paper introduces the buyback
contract to improve the original supply chain. Thus, the
strategy space of each node enterprise in the supply chain is
changed into: The retailer selects the nearest warehouse, the
vendor determines the inventory, and the TPL, only
responsible for the establishment of information platform,
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inventory management, and products delivery, receives the
commission from the vendor according to the service it has
provided. The ownership of inventory will be transferred to
retailer after the TPL completes products delivery. However,
under the conditions of excess inventory or direct selling, the
retailer is allowed to return the products but should give a
partial refund to the vendor.

4.1 Profit analysis of the supply chain

The vendor’s buyback price per unit product is denoted as
b, and the buyback contract is described by {w, b}. For the
sake of generality, it is assumed that: v<b<c<w<p, and the
retailer cannot get profit from unsold products. Thus, b+v<w
and the transfer payment is: Tx(g, w, b)=wq-bl(q)=bs(q)-(w-
b)g.

HVT  HVT HVT
IT, IT and IT are used to denote represent the profit of
r S

the retailer, the vendor and the entire VMI & TPL supply chain
after introducing the buyback contract, respectively. In this
way, we can obtain the following functions:

The retailer’s profit function:



HVT

[T'=pS(a)-T(a.wb)-gL(q)

(25)
=(p-b+g,)S(a)-(w-b)a-g,u
The vendor’s profit function:
HVT
1:[ =T (q,w,b)+vl(q)—k,ca-g,L(a)-f (q)
=(b+g, +kh-v)S(q) (26)

+(w+v—-b-k,c—T, —kh)g—-g,u-T,

The entire supply chain’s profit function:

HVT

[T =TI+ 11 = pS(a)+vI (a)-ca—gL(a)- f (a)
=(p+g+kh-v)S(q)—(kec—v+T,+kh)qg—gu-T,
(27)

According to formulas (4), (5), (25) & (26), we can obtain
the following:

HVT R
- =(b+h -v)[q-S(q)]>0 (28)
HVT R kh h S
I1-I1= -
T-f1-(kn-h)s () o)
+(c, —k,c+h, —kh)g—(b-v)[q-S(q)]
From the assumptions, it can be deducted that
(kh-h)S(q)>0 .,  (c,—kc+h —kh)g>0  and

(b—v)[q—S(q)]<0 in formula (29). According to the

operation mode of VMI & TPL supply chain, the supply-
demand information is updated in real-time owing to the
professional information system and strong information
processing ability of the TPL. Therefore, the cost reduction
through the introduction of TPL and VMI far exceeds the

vendor’s profit loss caused by information delay, i.e.
HVT R

IT-T1>0. Compared to RMI mode, the vendor’s profit

and the retailer’s profit have been substantially improved after
introducing the buyback contract to VMI & TPL supply chain.
of

4.2 Evolutionary game chain

coordination

analysis supply

(1) Construction of game model
Comparing formula (4) with formula (25), we can get:

HVT HR

-I1=(b-v)[q-S(q)]>0 (30)
Comparing formula (5) with formula (26), we can get:

HVT HR

g—g:—(b—v)[q—s(q)jw (31)

According to formulas (30) & (31), the supply chain profit
is redistributed between the vendor and the retailer after
introducing the buyback contract to the VMI & TPL supply
chain. When the vendor chooses cooperation and the retailer
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chooses non-cooperation, the vendor’s payoff function is
R
H—m—(b—v)[q—S(q)] ; when the retailer chooses
S
cooperation and the vendor chooses non-cooperation, the

retailer’s payoff function is IEI— n+(b —v)[q -S (q)} .

A=m+(b-v)[q-S(q)] (32)

(33)

y=(0-v)[g-S(a)]n

During repeated game, the retailer’s initial cost is fixed,
while the extra profit in formula (30) is cumulative. The extra
profit will accumulate as long as the buyback contract exists.
Thus, the final evolution result is 0.

Based on the above analysis, the payoff matrix of the retailer
and the vendor in the VMI & TPL after introducing buyback
contract (Figure 2).

Cooperation Mon-cooperation

Cooperation HIT HIT i1 E

II. 11 - 411
Mon-cooperation z = 2 2
LIy ILII

Figure 2. The payoff matrix of the retailer and the vendor
under the buyback contract

(2) Solution for the ESS of VMI & TPL supply chain after
introducing buyback contract

According to the above payoff matrix, the vendor’s iterative
dynamic equation is:

* (Y — HVT R
a = H—Hsz(l—a){ﬂ(H—FH/l)—/l} (34)
The retailer’s iterative dynamic equation is:
* [y — HVT R
ﬂ=l}—Hr=a—ﬂ{a(g—ng+y} (35)

The evolutionary balance points of the supply chain after
introducing buyback contract are obtained by formulas (30) &

31):

-7
a, = = <0 (36)
° Fi\'/IT—IEI—;/ h.[a-S(q)]+n
That is:
A
t 2(0) fy = (37)
m-1+A

This means Sye(0, 1), and thus excludes (o, fo) from the
set of evolutionary balance points. Therefore, the evolutionary



balance points of the supply chain after introducing buyback
contracts include (0, 0), (0, 1), (1, 0), (1, 1).

The Jacobian matrix J~ if the new supply chain system is
established as:

da* da’
3 da dp
ldpg dp
da dp

HVT R HVT R
H—H+/1j—/l} a(l-a)(H—l'H/lJ

(1-205)M
ﬂa—ﬂ{

HVT
I1
r

r

(3%)

The determinant of matrix J’ is calculated as:

i) (i)

3 :(1—2a){ﬂ(g—l§[+ﬂj—/l}-(1—2ﬁ){a(?:f—l?[—7j+7}

_a(l-a)(”lff_fn zj. (- ﬁ)(HTT—l?[— yj

(39)
The trace value of matrix J’ stands at:
. HVT R
trJ = (1-205){[3( IT-T1+ /1]—/1}
HVT R (40)
~(1—2ﬂ){a( I —H—yj+y}

The ESS analysis results of the evolutionary balance points
are shown in Table 2.

Table 2. The ESS analysis of VMI & TPL supply chain after introducing buyback contract

Evolutionary balance points (0,0) 0,1) (1,0) 1,1
l HVT R HVT R HVT R HVT R
- —y| TI-I1 Al TI-T11 Mm-11| Im-11
de'[J Formula 7/ 7/[ S S j ( r r ) ( S S j( r r ]
Symbol - - + +
HVT R HVT R HVT R HVT R
0 Formula —A+y m-Ii-y IM-T1+ A - 1}—1;[ - frI—frI
Symbol Adventitious  Adventitious + -
Equilibrium outcomes Saddle Point  Saddle Point Unstable Point ESS

As shown in Table 2, the ESS of the new VMI & TPL
supply chain is (1, 1). This means, in the final ESS, the two
parties both choose cooperation, and the VMI & TPL supply
chain is getting more and more stable.

5. EMPIRICAL ANALYSIS

Table 3. The profit comparison between all supply chains

modes
I, IT, I1
RMI 138.17 264.11 402.28
VMI & TPL 443,55 599.82 1043.37
VMI & TPI after introducing 45174 59163 104337

buyback contract

The example is about a VMI & TPL supply chain made up
of Company A (the retailer), Company B (the vendor) and the
TPL in Beijing. The products are electric heaters. In reference
to internal sales records, the selling price is p=30, the costs of
Company B and Company A are ¢,=10, ¢,=5, respectively, the
residual value of unsold product is v=4, the penalty costs are
g3, g=2 respectively, 7=0.5, =10, 7,=2. Assuming that the
sales volume of the product falls in the interval of [10, 100]
and obeys uniform distribution, we can obtain ¢*=60.94,
a~17.75, b=16.1 by the distribution function F(x)=(x-

220

10)/(100-10). Table 3 compares the profit of RMI, VMI & TPI,

and VMI & TPI after introducing buyback contract.
HVT R VT R

It can be seen from Table 3 that [] >[I ,II1>II and

HVT R VT R
IT >T11,I1> 11, indicating that the vendor (Company B), the

retailer (Company A) and the entire supply chain have made
more profit under VMI & TPI and VMI & TPI after

introducing buyback contract than under the traditional RMI
HVT VT HYT VT

mode. It can also be inferred that IT >I1, Il <II and
r r S S

HVT  HVT VT VT

I+ IT =T1+I1 , which proves the profit redistribution
r S r S

between the vendor and the retailer after introducing the
buyback contract to VMI & TPL although the overall profit of
the supply chain remains the same before and after the
introduction.

Substitute the results in Table 3 into formulas (17) & (18),

L >0 , ﬂO =
305.38+n 335.71+m
the evolutionary balance points of the supply chain are (0, 0),
(0, 1), (1,0), (1, 1) and (caw, fo) before introducing the buyback
contract. The ESS analysis of each evolutionary balance point
is shown in Table 4.

we have: o, = >0, that is,



Table 4. The ESS analysis of VMI & TPL supply chain

n m
Evoluti bal ints (0,0 0,1 1,0 11 ,
volutionary balance points ( ) ( ) ( ) ( ) (305.38+n 335.71+m]
13571 305.38 -102519.12mn
Symbol + + + + -
Result -m-n 335.71+n 305.38+m -641.09 0
trJ
Symbol - + + -
Equilibrium outcomes ESS  Unstable point Unstable point ESS Saddle point

As shown in the above table, (0, 0), (1, 1) are the ESS of chain after introducing buyback contract include (0, 0), (0, 1),

VMI & TPL supply chain mode. (1, 0), (1, 1). The ESS analysis of each evolutionary balance
Substitute the results in Table 4 into formulas (36) & (37), . T R .

we have: a=-1/(313.57-9), B=(W(327.52+4))50. According ~ POmnt shows that the value of IT—-II-y changes with the

to the analysis of formula (36), (aw, fo) is excluded from the HvT C . . .

set of evolutionary balance points due to the fact that ay<0. value of 1:[ » making it impossible to determine its positive

That is to say, the evolutionary balance points of the supply and negative properties. The results are shown in Table 5.

Table 5. The ESS analysis of VMI & TPI after introducing buyback contract

Evolutionary balance points (0,0) 0,1) (1,0) 1,1

Result -Ay -327.52y 313.574 102700.45

det/
Symbol - - + +
Result Aty 327.52-y 313.57+4 -641.09

HVT
rJ Symbol Adventitious Change with IT value + -
S
Equilibrium outcomes Saddle Point Saddle Point Unstable Point ESS
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