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A dynamic game model for a class of venture investment behaviors
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(Institute of Financial Engineering, South China University of Technology, Guangzhou Guangdong 510640, China)

Abstract: The hold-up problem is an interesting issue in incomplete contract theory for different kinds of investment

behaviors. It has been agreed that hold-up would result of insufficient investment. For the cooperative R & D between

high-tech companies and venture investor, this paper builds a dynamic game model which includes the bargaining power

to analyze the hold-problem. The analysis results imply that bargaining power between high-tech companies and venture

investor is an important factor and affect the invest incentive of high-tech companies. If there has no limited liability con-

straint, investment incentive will increase with the high-tech companies’ bargaining power, otherwise investment incentive

will decrease with the high-tech companies’ bargaining power. Finally, the results are verified by a specific example.
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2 (Dynamic game model)
[17],

, 1 , 2

, :
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(risk neutral) ,

0,

, .

5 :

1, i,

, ,

,

. ,

,

. , , i

[0, 1] , ψ(i) , ψ(0) =

0, ψ′(i) > 0, ψ′′(i) > 0, ψ = ψ(i) i

, lim
i→1

ψ′(i) = +∞.

2, ,

, z , z ∈
{zl, zh}, zh zl

, i 1− i .

3, ,

(take-it-or-leave-it) .

,

. [1],

α 1− α(α ∈ [0, 1]),

α ,

, .

,

,

.

,

.

4, , e

, e∈{el, eh}, 1<
el < eh < 1. e = eh, c,

e = el, 0.

5, .

, b

e z , b

e , 0

1−e, (tran-

sfer payment) t1 t0. 1

.

1 , b

, p(b) = f(e),

p(b) b , 0

1− p(b). , f(e) = e,

.

1

Fig. 1 The timing of the game
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3 (Assumption)
, ,

:

1 z=zh c=ch , b= bh; z= zl

c = cl , b = bl, bh > bl > 0, ch > cl > 0.

1 5 b

4 , 1

. ( z = zh),

e b = bh,

4 (c = ch).

2 ehbh − ch > ehbl − cl.

2 ,

(social net surplus),

.

eh bh . b=bh

ch,

ehbh−ch. ,

eh bl( c = cl) .

, ehbh−ch > ehbl− cl

eh ,

, .

4 (Solution of the model)
3

,

,

S(i) =

i(ehbh − ch) + (1− i)(ehbl − cl)− ψ(i), (1)

(1) , i ,

ψ′(iFB) = eh(bh − bl)− (ch − cl), (2)

iFB (1) .

,

, .

, ,

, ,

,

,

, (2) iFB

.

4.1 (The case of no

limited liability constraint)
3, ,

.

, ,

, t1 t0 0.

,

, (ince-

ntive compatibility constrain) (participa-

tion constraint),

,

. , :

eht1 + (1− eh)t0 − c � elt1 + (1− el)t0, (3)

(3) (eh − el)(t1 − t0) � c.

eht1 + (1− eh)t0 − c � 0, (4)

eh(b− t1)− (1− eh)t0 � 0, (5)

(4) ,

, (5)

eh(b− t1) + (1− eh)(0− t0) � 0,

,

.

, (3)

(5) . (3).

,

, .

, ,

,

,

(3) , ,

(3) ,

eht1 + (1− eh)t0 − c = e1t1 + (1− el)t0. (6)

(5).

,

( 0), , ,

(5) ,

eh(b− t1)− (1− eh)t0 = 0, (7)

,

t0 = ehb− ehc/(eh − el)

t1 = t0 + c/(eh − el),

ehb− c.

, ,

(3) (4) .

, ,

t0 = −elc/(eh − el) t1 = t0 +
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c/(eh − el),

ehb− c. , 3 , ,

S(i) =

iα(ehbh − ch)+(1− i)α(ehbl−cl)−ψ(i), (8)

(8) iSB, iSB

ψ′(iSB(α)) = α[eh(bh − bl)− (ch − cl)]. (9)

2 (9) . ψ = ψ(i)

, (9) ψ′(iSB(α)) α

, i = iSB(α) α

, 1.

1 ,

. ,

,

.

1 ,

, ,

,

. .

,

, ,

, 1

, . ,

α=1 ,

iSB(α)= iFB, . , α = 0

iSB(0)=0, ,

5

,

.

4.2 (The case of limited liability

constraint)
.

,

, , 0,

, t0 �0

t1� 0 .

,

t0 = ehb− ehc/(eh − el)

t1 = t0 + c/(eh − el),

ehb− c, t0 � 0 t1 � 0 .

,

,

0, ,

( eh el),

. e = el, t0

= t1 = 0 , π1 = el

(b−t0) = elb. e=eh, ,

t0= −elc/(eh − el) t0 = 0.

, elc/(eh − el).

elc/(eh − el)

. ,

t1 = t0 + c/(eh − el) =

0 + c/(eh − el) =

c/(eh − el),

π2 = eh(b− t1) = eh(b− c/(eh − el)).

,

,

, ,

.

,

. , π2 π1 ,

,

eh(b− c/(eh − el)) > elb (10)

.

eh

, , (10) ,

,

ehc/(eh − el). ,

S(i) =

i[α(ehbh − ch) + (1− α)(ehch/(eh − el)− ch)] +

(1−i)[α(ehbl−cl)+(1−α)(ehcl/(eh−el)−cl)]−
ψ(i), (11)

(11) iLL, iLL

ψ′(iLL(α)) = α[eh(bh − bl)− (ch − cl)] +

(1 + α)(ch − cl)el/(eh − el). (12)

(12),

ψ′[iLL(1)] = eh(bh − bl)− (ch − cl) = ψ′(iFB),

iLL(1) = iFB.

ψ′[iLL(0)] = (ch − cl)el/(eh − el),
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(ehbh − ch)− (ehbl − cl) < el(bh − bl), (13)

(ch − cl)el/(eh − el) > eh(bh − bl)− (ch − cl).

ψ′[iLL(0)] > ψ′(iFB), , ψ =

ψ(i) , iLL(0) > iFB = iLL(1), i =

iLL(α) α , 2.

2 ,

(13) ,

,

, ,

.

2, ,

,

ehb− c ,

(13) 0( (13) ),

.

, ,

(13).

4.3 (Example)

,

.

, ψ(i)

,

.

: 1)

; 2)

, ,

1–2 .

: ,

, ψ(i)=
i

1−i
,

i ,

ψ(0)=0, ψ′(i)>0, ψ′′(i)>0, lim
i→1

ψ′(i)

= +∞.

α 1− α. e∈{el, eh}(0<el<eh<1)

, eh

= 2/3, el = 3/5, (

)ch = 1/9, cl = 0, bh =4/3, bl =1/3.

, bh = 4/3

eh = 2/3, bl = 1/3 el = 3/5.

, , ehbh−ch>ehbl−cl

(ehbh − ch)− (ehbl − cl) < el(bh − bl) .

2
α i (2)

, .

, .

ψ(i) =
i

1− i
, ψ′(i) =

1

(1− i)2
. (9),

ψ′(iSB) =
1

(1− iSB)2
=

α[eh(bh − bl)− (ch − cl)],

,

ψ′(iSB) =
1

(1− iSB)2
=

5

9
α,

, iSB α , 1 ,

, ,

.

, . ,

,
1

(1−iLL)2

= 1− 4

9
α. , , iLL α

. ,

, ,

, .

5 (Conclusions)

,

. ,

,

,

. ,

.
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