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Abstract: Invitational bidding is key to encouraging enter-
prise participation in the technological innovation of public
goods. This study develops a contest model that incorpo-
rates supplier type (independent or public sector-affiliated ) ,
heterogeneous innovation capabilities, and project-specific
technical risks. Using limiting-case analysis, we compare
two invitational bidding strategies on innovation and effi-
ciency of benefits: inviting only independent suppliers and
inviting both independent and affiliated suppliers. We also
identify the boundary conditions under which long-term con-
tracts lower the public sector’ s obligatory award budget.
The key findings are as follows: Competition is strength-
ened when technically strong independent suppliers bid
alongside affiliated suppliers; however, competition weak-
ens when independent suppliers lack technical strength.
Long-term supply contracts may not necessarily enhance
competition and may diminish suppliers’ motivation for
technological innovation. Innovation and benefit improve-
ment are rarely achieved simultaneously. Both goals can be
achieved only when independent suppliers have clear techni-
cal advantages, making it optimal for the public sector to in-
vite both independent and affiliated suppliers to bid. When
innovation projects involve high technical risks or indepen-
dent suppliers demonstrate strong innovation capabilities,
the public sector may reduce the award budget using
long-term contracts as incentives to successfully motivate
suppliers.
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ence and technology projects. Major projects such as the
“Three Gorges Project” and the “Dongfeng-41 Interconti-
nental Ballistic Missile” are examples of technological in-

novation of public goods:”.

Technological innovation is
both a vital tool for enterprises to strengthen core com-
petitiveness and a crucial means for the government to
improve service quality and efficiency in public sectors

such as national defense, healthcare'?’

, and major infra-
structure! >, Therefore, as a key area of national techno-
logical development, the choice of implementation path
and mechanism for technological innovation of public
goods is crucial to strengthening the country’s overall in-
novation capability. Within the national system, the
state can pool resources to promote major science and
technology projects through unified planning and re-

source integration™'.

This approach not only mobilizes
resources efficiently but also provides distinct advantages
for achieving technological breakthroughs and innova-
tion'®’. In particular, from the perspective of optimizing
new-quality productive forces, the national system accel-
erates technological innovation in public goods by opti-
mizing and improving the efficiency of new production
factors, such as knowledge, technology, and data'”’.
This approach preserves the advantages of macro-level
planning while enhancing enterprises’ technological ca-
pabilities. It also positions them as key participants and

beneficiaries in
[8]

optimizing new-quality productive
forces

Previous research on technological innovation of pub-
lic goods has mainly compared enterprise participation
mechanisms and bidding procurement. Wang et al. ",
analyzing innovation stages and participation pathways,
believe that selecting appropriate participation mecha-
nisms can effectively enhance the role of enterprises in
the technological innovation of public goods. Using case
studies from the U. S. Department of Defense’ s acquisi-
tion and development competition mechanisms, some
scholars have confirmed the feasibility and advantages of
the two-stage research and development (R&D) competi-
tion mechanism for technological innovation in public

goods!.

Hai et al. "' have compared auction-based
bidding and negotiation-based bidding mechanisms in
this context. Some scholars have also examined how

technological spillovers influence the government’s opti-
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[12]

mal award levels and favoritism rules However,

these studies emphasize the public sector’s subjective fa-
voritism toward bidding enterprises, with less consider-
ation of economic motivations. More recently, scholars
have examined incentive contract design considering sub-

contractors’ altruistic preferences' '™

ences '

and fairness prefer-
under common risk shocks, using commis-
sioned R&D in technological innovation of public goods
as an example.

Although existing research shows that the public sector
can effectively promote technological innovation of pub-
lic goods through competition among cooperative suppli-
ers or direct commissioning, research on invitation bid-
ding remains limited. Invitation bidding, also known as
selective bidding, is a procurement or project contracting
method positioned between open bidding and direct nego-
tiation''*). Some “civilian participation in military proj-
ects” are effective practices for enterprises to engage in
technological innovation of public goods through invita-
tion bidding. For example, the communication compo-
nents of AVIC’ s military drones were procured internally
until 2021; however, in 2022, AVIC invited Xi’an
Yingzhihang Technology Company to bid and later
signed a long-term supply contract. Similarly, in the
UK’ s “Future Combat Air System” plan, the UK Minis-
try of Defense invited BAE Systems and introduced mul-
tiple private enterprises, including small technology com-
panies, through competitive mechanisms to acquire ad-
vanced artificial intelligence and autonomous control
technologies. When technological innovation of public
goods projects involves highly complex or specialized
technical requirements, only a few suppliers or contrac-
tors may be able to meet the demand. By directly invit-
ing these qualified enterprises to bid, procurement effi-
ciency can be improved, and the progress of innovation
projects is ensured' ') In this process, the public sector
evaluates innovative products or solutions and awards
long-term contracts to the winning suppliers, consistent
with the principles of innovation competition.

Organizing suppliers through innovation competitions
is a major source of technological innovation for public
sectors and enterprises in many countries. The main rea-
son is that innovative product procurement often cannot
specify procurement requirements or design verifiable
procurement indicators, whereas innovation competi-
tions can provide stronger incentives to tap suppliers’ in-

novation potential''”’

. Domestic and foreign research on
innovation competitions has mainly addressed issues re-
lated to enterprise project outsourcing or public procure-
ment. Research can be grouped into the following catego-
ries: (1) Minimizing procurement costs. Loertscher et

al. ® show that buyers can sustain supplier competitive-

ness by establishing multi-channel cooperation. Chen et
al. ' find that supplier costs can be reduced through
“cost-reduction investigations, ” helping buyers achieve
near-optimal procurement performance. (2) Awards and

1. 7 examine the

number of participants. Terwiesch et a
number of participants in innovation competitions and
find that buyers can benefit from a larger participant
pool. Bi et al. *"! find that the optimal award value in-
creases monotonically with task complexity and novelty,
that winner-takes-all is the optimal award allocation, and
that one-step markup is the optimal markup method. Di-

1. 12/ show that the relationship between

etzenbacher et a
the scale of rewards and the size of the crowd follows an
“inverted U-shape, ” implying that moderate rewards
maximize crowd size. (3) Information feedback and dis-
closure. Mihm et al. "** discuss how buyers can improve
competition outcomes by designing feedback mecha-
nisms to establish the best information structure. Lemus

2! show that, in some cases, larger prizes or a

et al. '
greater number of participants may reduce the degree of
information disclosure. (4) Joint procurement. Fan et
al. ! distinguish the procurement of innovative products
into sequential design and manufacturing stages, show-
ing that different strengths of commitment mechanisms
generate distinct incentives for innovation effort and
shape firms’ allocation of production resources. Chen et
al. °' demonstrate that the novelty of procurement inno-
vation, the size of the supplier base, and the cost of inte-
grating components largely determine whether buyers
should procure integrated systems or individual compo-
nents.

A synthesis of earlier research on technological innova-
tion of public goods and innovation contests highlights
several limitations: (1) few studies use competition mod-
els to examine the public sector’s strategy selection in in-
vitation bidding; (2) most focus on the award effect of
competitions, while overlooking the impact of long-term
supply contracts on competition incentives and award
budgets; (3) they fail to consider the affiliation relation-
ship between suppliers and the public sector, thus over-
looking the possibility that the public sector may obtain
additional rents through affiliated enterprises. Building
on the research by Breig et al. "’} and Chen et al. ''"’,
this study combines supplier heterogeneity in innovation
capabilities and technical uncertainty to construct a com-
petition model. It systematically analyzes the innovation
output and benefit levels under two invitation bidding
strategies and further examines the role of long-term con-
tracts in designing competition and award budgets. The
core research issues are as follows: (1) Under what con-
ditions should the public sector choose the independent
supplier competition strategy to better foster innovation,
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and when is competition between independent and affili-
ated suppliers more effective? (2) In what circum-
stances can pre-commitment to long-term supply con-
(3) Can

the public sector simultaneously promote technological

tracts intensify competition among suppliers?

innovation and enhance overall benefit levels through
(4) Under what condi-
tions can the public sector balance award incentives with

competition strategy selection?

long-term contract benefits by reducing competition
awards?

The main contributions of this study are as follows:
First, contest theory is extended by incorporating sup-
plier affiliations, capability heterogeneity, and technical
risks into a unified model, providing a more realistic
framework for analyzing public procurement strategies.
Second, the dual role of long-term contracts is revealed:
in addition to offering stability, they create a “selective
bias” in the public sector, thereby deepening understand-
ing of contractual incentives. Third, the model identifies

the conditions for achieving cost-effectiveness by reduc-
ing awards and offers a quantitative basis for optimizing
procurement policies.

1 Problem and Assumptions

1.1 Problem description

To strengthen national defense capabilities, the public
sector uses invitation bidding to procure new military
drones, set quality thresholds, and combine long-term
contract incentives to prevent low-price, low-quality
competition. This approach ensures military moderniza-
tion and national defense security. Given the unique na-
ture of the product, innovation quality must be priori-
tized to ensure the equipment’ s technological advance-
ment and reliability. Fig. 1 shows the bidding process.
To compare the two bidding strategies and how public
sector intervention influences the bidding results, the fol-
lowing assumptions are made.

Public
St 1 St 2 St 3 St 4 St 5
sector age age age age age
Qualification Invitation to R&D Product Final
screening bid investment evaluation selection
Supplier

Fig. 1 Event sequence

1.2 Basic assumptions

Assumption 1 Assume that both the public sector
and participating suppliers are risk-neutral. The indepen-
dent supplier (without subordinate ties to the public sec-
tor) is denoted as subscript 1, while the affiliated sup-
plier (with a subordinate relationship, such as a govern-
ment controlling interest) is denoted as subscript 2.

Assumption 2 The award A is a one-time R&D sub-
sidy granted in the R&D competition to incentivize sup-
pliers’ investment in prototype innovation. The winning
supplier receives the entire award.

Assumption 3 The winning supplier receives both
the award and benefits from long-term cooperation. To
simplify the model, we assume that the exogenous vari-
able b, = b > 0,i = 1,2 represents the benefits that sup-
pliers derive from long-term supply contracts.

Assumption 4 Assume that the cost coefficient of
supplier i is ¢, and the R&D cost is a quadratic function
of R&D effort:

ce)=cell2 (1)
The profit of supplier i winning is (A + b) — c(e,),
and the loss of failure is —c (e;).

Assumption 5 Assume that the innovation output of
supplier i is

v, =re, + &, (2)
where r is the supplier’s R&D utility coefficient; the ran-
dom variable ¢, is private information, representing exter-
nal uncertain factors unrelated to the supplier’s effort.

Assumption 6 Assume that A¢ = &, — &, represents
the difference in supplier output uncertainty. It follows a
normal distribution with mean w and variance o2, i. e. ,
Aé~N (u, 0*); with density function g 2 (x) and cumula-
tive distribution function G Aé( x). Here, u reflects the in-
novation capabilities of both suppliers. If u > 0, the in-
dependent supplier has strong innovation capabilities or
technical advantages; o > 0 represents the technical risk
associated with the innovation project.

Assumption 7 Unlike the assumption in Chen et
al. "', if the affiliated supplier wins, the public sector
does not participate in the award A sharing; however, it
obtains certain cost benefits, such as reduced procure-
ment costs for long-term contracts. Assume that the rent
received by the public sector is kb where k €[ 0, 1] is the
public sector’ s shareholding ratio in the affiliated sup-
plier. The larger the shareholding ratio, the greater the
cost benefits obtained from future procurement.

Assumption 8 While obtaining rents, the public sec-
tor must internalize part of the affiliated supplier’ s R&D
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costs. The utility function is
Il = E[max{v,,v, + kb} |- A = kc(e,) (3)
The utility functions of the two suppliers are
m(e,)=(A+Db)Pr(v,>kb+v,)-c(e,) (4)

m(e,))=(A+b)Pr(v,+kb>v,)-c(e,) (5)
where Pr(v, > kb + v,) is the winning probability of the
independent supplier, and Pr(v, + kb > v,) is the win-

ning probability of the affiliated supplier.

2 Supplier’s R&D Effort

First, solve the Nash equilibrium under the public sec-
tor’s strategy of choosing independent and affiliated sup-
pliers to compete, and then compare the suppliers’ R&D
efforts under the two scenarios of £k > 0 and k£ = 0. At
this time, both suppliers independently choose their
R&D investments to maximize their expected profits:

e, eargmaxm (e,; e,)=(A+b)Pr(v,>kb+v,) -

c(ey) (6)

e, € argmax m,(e,; ;) =(A+b)Pr(v, + kb >v,) -
c(e,) (7)
Solve the supplier’ s R&D decision e; according to
Eq. (6):
m(e,)=(A+Db)Pr(re, + & >kb+re, + &) — ce;/2(8)
Substituting A& = £, — £, into Eq. (8), we obtain
m(e,)=(A+b)Pr(re, + AE > kb + re,) — ce/2(9)
Since e, e, are completely symmetric, re, = re,, let
the first-order partial derivative of Eq. (9) with respect to
e, be zero:

am (e,)/de, = r(A + b) g, (kb) — ce, =0 (10)

From Eq. (10), we can obtain the second-order condi-
tions: &*w(e,)/det =—c <0, which implies that the
equilibrium solution is unique. Let ¢ (x) be the probabil-
ity density function of the standard normal distribution,

@ (x) be the cumulative distribution function, and stan-
dardize g Ag(kb):

1 (re2— re, — kb —,u)z
exp - —
2 1 kb —
gAf(kb): Z :*Qb(iﬂ)
Jomo a a
(11)

Substituting the result of Eq. (11) into Eq. (10), we
obtain the unique symmetric Nash equilibrium:

3 r(A+b)¢(kb—,u,)

(12)

! co o

Proposition 1  When k =0, ¢’ is positively corre-
lated with b; when k > 0, only when 0 < b < [,u, - Ak +

J(Ak +w)* + 40 1/(2k), e is positively correlated
with b.
Proof When k =0, there is a competition between
independent suppliers. The supplier’s R&D effort e! is
o r(A+b) ( " )
€; ¢ o

co

(13)

It follows that e! is positively correlated with b.
The partial derivative of e; with respect to b is

© ot = [k(A+ ) (kb =]} (g -
%eb: { pe }d>( U“) (14)

Represent 0> — [ k(A + b) (kb — )] as a function of b:
f(b) = Ak + bku + o* = AbK* = b’k*  (15)

The solution that satisfies f (b) > 0 is

w— Ak — J(Ak + u)* + 402
% <b<
w— Ak + J(Ak + u)* + 402

2k

- Ak — J(Ak + u)* + 40°
Obviously, el ( 2 7
2k
- Ak + J(Ak + p)* + 402 *
O<b<’u ( ) 7 ae‘>0

2k b ’
Proposition 1 shows that when independent suppliers

<0, so when

compete, long-term contract commitments enhance com-
petition; however, when affiliated and independent sup-
pliers compete, the public sector’s commitment to long-
term procurement contracts does not necessarily foster
competition. Let A=1,r=2,c=1,u=1,0 =1, then
Fig. 2 shows the nonlinear impact of b on e under differ-
ent values of k. Compared with the baseline case where
k=0, it is observed that within a certain range, the
long-term contract b can intensify the competition be-
tween independent and affiliated suppliers when & > 0.
However, when b becomes excessively large, it weakens
such mixed competition, reflecting how the implicit ad-
vantages of affiliated suppliers reduce competition inten-
sity.  The reason is that if b>[u - Ak+

J(Ak + w)* + 40* ]/(2k), the rent kb substantially af-

fects the public sector’s utility, as captured in Eq. (3).
Driven by economic motivation, the public sector exhib-
its a strong selective bias due to the high rent kb, and the
independent supplier’ s probability of winning (v, > kb +
vz) becomes small; therefore, it weakens competition
and discourages supplier’ s innovation investment.
Proposition 1 not only analyzes the advantages and disad-
vantages of the public sector’ s commitment to long-term
contracts but also supplements and extends the findings

of Fan et al. 1*/.
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Fig.2 Impactofbone;

Proposition 2  For any k>0, there exists:
(1) When o <|kb — |, e; is positively correlated with
o; (2) When u < kb, e; is positively correlated with u;
(3) Whenpu > kb, e is positively correlated with k.

Proof The partial derivative of e; with respect to o is

de; _r(A+b)[(kb-p) -0 ]d)(kb(;ﬂ) (16)

Jo Cg'4

Only if (kb - )’ = 02> 0, o <|kb - |, de;ldo > 0.

The partial derivatives of e; with respect to u, k are

de; r(A+b)(kb-p) (kb-
L: : ol d)( :U') (17)
B,LL co” ag
de; b(A+ b - kb -
de;, _ T ( ) (e )¢(kb ,LL) (18)
ok cg'3 ag
When kb —u >0, de//du>0; when kb—pu<0,
de; 1ok > 0.

Proposition 2 shows how suppliers’ R&D efforts re-
spond to technical risk o, independent supplier’s techno-
logical advantage w, and public ownership k under mixed
competition. First, when technical risk is high (o >
|kb — w|) , outcome uncertainty dampens suppliers’ in-
centive to invest, resulting in reduced R&D effort as o
increases. Conversely, when technical risk is negligible
(0 —0), kb offsets w (|kb — |~ 0) ; therefore, both
parties perceive competition as fair and intense and thus
increase R&D effort (de;/gu > 0). Second, if the inde-
pendent supplier faces a significant technological disad-
vantage (u < kb) , its low winning probability weakens
competition and reduces R&D effort. Finally, when the
independent supplier holds a technological advantage
(u > kb) and the public sector’s share k is large, institu-
tional preference for the affiliated supplier (kb) forces
the independent supplier to deliver significantly better
output (v, > kb + v,) to win. This intensifies competi-
tion and raises both parties’ R&D efforts (de;/dk > 0).
Assigning specific parameter values yields Figs. 3-5,
which illustrate visually the results stated in Proposition 2
(Fig.3:A=1,r=2,¢=1,b=5,k=0.5,u = 1; Fig. 4:
A=1,r=2,c=1,b=5,k=0.5,0=1; Fig. 5:A =1,
r=2c=1,b=50=1Lu=1).

201
1.8
1.6 |
14 r
1.2
v 1.0 |
0.8 F
0.6
04t
02+
0

0 0510152025 3.0 3540 4550
o

Fig. 3 Impactof o on e

0 05101520 25 3.0 35 4.0 45 5.0
u

Fig. 4 Impactofu on e

5.0
4.5
4.0
35
3.0
s 2.5
2.0
1.5
1.0
0.5

n
e,

0 0.102030405060.7 080910
k

Fig. 5 Impact of kon e

3 Innovation Output

Proposition 2 (3) proves that competition between in-
dependent and affiliated suppliers can increase the sup-
plier’ s innovation investment under certain conditions.
However, given the impact of rent, will the public sector
ultimately favor inferior innovations for economic rea-
sons? To address this, we must compare the innovation
output under the two bidding strategies. Let ¢ (k; e}, e,)
denote the innovation output of the final procurement
product under the competition between independent and
affiliated suppliers:

Ylks e e) = E[vi+ (v =v)l ] (19)
Proposition 3 For any k>0, only when u >0,
Y (k; e, e,)is positively correlated with k.
Proof Organize Eq. (19):
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(ks ey, ey)=re; + E[£,]~ kbGAg(kb) +
kb
| Guar (20)
The partial derivative of Eq. (20) with respect to k is
(ks ey e5)

ok
b[ bcka + r*(kb - A+b)] (kb -
( : w)( ) ¢( M) (21)
co o
According to Eq. (21), when k = 0,
(05 e;(0),e5(0 2
l/’( 61( ) 92( )) - br M(A-I-b)d)(&) (22)
ok C0'2 g
2
For any k > 0, only when wd)(&)> 0, w>
co g
oy (ks ey, e;)
_— > .
0, Py 0 holds
Corollary 1 For any ke[0,1], when u>0,

k"> 0; whenu <0, k" = 0.

oy (ks e, e,)

Proof L
roo et ok

=0, we can get k' =

A+ 2 A+ 2

( > b)zr Lt , because (2 bz)r >0,
b(Ar* + br* + co) b(Ar* + br* + co)
and k €[0,1], sowhenu >0, k"> 0; whenpu <0, k" =
0.

Proposition 3 and Corollary 1 show that when indepen-

dent suppliers hold technical advantages (u > 0), invit-
ing both independent and affiliated suppliers to compete
(k" > 0) can increase innovation output and achieve inno-
vation maximization; otherwise, competition among in-
dependent suppliers is more favorable (k" = 0). In other
words, when independent suppliers have strong innova-
tion capabilities, the public sector’s strategy of inviting
both independent and affiliated suppliers to compete is
better than inviting only independent suppliers; other-
wise, the strategy of inviting independent suppliers alone
is better than inviting both independent and affiliated sup-
pliers. When independent suppliers have stronger innova-
tion capabilities than affiliated suppliers, owing to the
impact of rent kb on the public sector’ s utility, indepen-
dent suppliers must invest more R&D effort to win. This
intensifies competition and enhances innovation output;
in contrast, as Proposition 2 proves, if independent sup-
pliers do not have strong innovation capabilities, their
low winning probability weakens competition.

As shown in Fig. 6 (the black shaded region indicates
no equilibrium solution) , the “Independent + Affiliated”
strategy is preferred in the region where u > 0, whereas
the “Independent + Independent” strategy dominates in
the region where u < 0. The shaded and unshaded areas
in the figure depict the distribution of these strategy
choices in the (u, o) plane. When the independent sup-
plier’ s relative capability is high, introducing an affili-

ated supplier can broaden competition and increase the
public sector’ s rent extraction potential. Conversely,
when the independent supplier’ s capability is weak, the
public sector tends to favor competition between two in-
dependent suppliers to achieve stronger innovation out-

comes.

5.0

4.5
4.0 Independent +

Independent

Independent +

35 Affiliated

3.0
25
2.0
1.5
1.0
0.5

0—2.0—1.5 -1.0-05 0 05 1.0

i

1.5 20

Fig. 6 Invitation bidding strategy based on innovation output
under u, o constraints

4 Public Sector Benefit Level

As a representative of the public, improving the public
sector’ s benefit level not only means more efficient pub-
lic resource allocation but also promotes resource alloca-
tion to more urgent social needs, thereby maximizing so-
cial benefits and improving overall social welfare. We
now compare the public sector’ s benefit levels under the
two invitation bidding strategies. We expand Eq. (3) to
obtain the public sector’s utility function under competi-

tion between independent and affiliated suppliers:
I (k) =r(e)) + E[max {A&, kb} ]+ E[£,] - A — ke(e))
(23)
Proposition 4 For any k > 0, there exist thresholds
w. wand o, satisfyingu <u, uw>por o >o, I(k)is
positively correlated with k; when w < <, IT(k) is
negatively correlated with k.

Proof The first-order partial derivative of Eq. (23)

with respect to k is

oIl (k) _ or(e;)
ok ok

ac(e;)
ok

—c(e)) -k +b(1 - Gy (kb))

(24)
According to Eq. (24), whenk = 0,

(A + b)rqu(';‘)[zb‘; —(A+ b)d)(g)}

oIl (0) _ N
ok 2co’
b(l - (p(&)) (25)
g
For any k > 0, if a];(ck) > 0, it must satisfy
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(A + b)rqu(’;‘“)[Zb’Z —(A+ b)qb(’;l“ﬂ

2

+b(1—

2co

¢>(%))>0

Organizing Eq. (26) yields
o) -2 el )]

g g g

(26)

sl o)

(27)

Let the left-hand side of Eq. (27) be M and the right-
hand side be N. Then we obtain: (1) lim M > lim N;
Iz

— oo >+
2
im M=0>-—27 = fim Ny (2) lim M=
no e (A+b)rr wo-= T ke
1

—-——>-o = lim N. According to the intermediate

27 o+
value theorem, (1) there exist thresholds —o < w<o0,
0 <j <+, when pu < or u >, M>N; (2) when
M <p<p, M<N; and (3) there exists a threshold 0 <
o <+w, forany o > o, M > N.

Proposition 4 shows that when innovation capabilities
differ significantly between suppliers (u < MOrp >pm ) or

when the technical risk is high (o > o), competition be-
tween independent and affiliated suppliers can improve
the public sector’ s benefit level; if the independent sup-
plier’s technical advantage is not significant (u < u <),

the public sector cannot benefit from this strategy, then
the strategy of inviting independent suppliers to bid is
preferable. When affiliated suppliers hold clear technical
advantages, their probability of winning is high, allow-
ing the public sector to extract additional rent kb and in-
crease expected benefits. Conversely, when independent
suppliers have significant technical advantages, their in-
novation output must be higher than that of affiliated sup-
pliers to win (v, > kb + v,). In this case, affiliated sup-
pliers have low winning probability and invest little ef-
fort, thus reducing the R&D costs borne by the public
sector and improving both the innovation and benefit lev-
els of the final procurement product. When technical risk
is high (o — +), suppliers make less effort to reduce
the loss of innovation failure. The probability of affili-
ated suppliers winning is high. Compared with inviting
independent suppliers, the public sector gains additional
rent and improves its benefit level. However, innovation
remains low; therefore, the strategy fails to achieve both
innovation promotion and benefit.

Setting w = 1.5, u =-0. 5, 0 = 4, we obtain Fig. 7.
In regions where u <-0.5, u> 1.5, or o >4 (i. e.
when capabilities largely differ or risk is high) , the “In-
dependent + Affiliated” strategy is preferred, as the affili-
ated supplier can provide complementary technology,
rent returns, or additional security under high-risk condi-

tions. Conversely, in the region where -0.5 <u < 1.5
and o <4 (i. e., when capability differences are few
and risk is low) , the “Independent + Independent” strat-
egy is preferred, leveraging competition among indepen-
dent suppliers to stimulate innovation while reducing reli-
ance on affiliated relationships.

5.0
45
4.0
3.5
3.0
©25
2.0
1.5
1.0
0.5

090-15-10-05 0 05 1.0

u
Fig. 7 Invitation bidding strategy based on benefit level under

Independent + Affiliated
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Corollary 2 Promoting innovation and improving
benefits are often difficult to achieve simultaneously.
Only if independent suppliers have strong innovation ca-
pabilities (i. e. , u is large enough) can competition be-
tween independent and affiliated suppliers promote inno-
vation and improve the public sector’ s benefit level. A
strategy of inviting independent and affiliated suppliers to
compete is better than inviting only independent suppli-
ers.

Based on the dual dimensions of innovation output and
public sector efficiency, the analysis indicates that when
disparities in suppliers’ innovation capabilities are sub-
stantial or when technological risks are high, the adop-
tion of affiliated suppliers (the “Independent + Affili-
ated” strategy) ensures higher innovation success rates
while generating potential rental income for the public
sector. Conversely, when capability gaps are minimal
and risks are manageable, the “Independent + Indepen-
dent” strategy is more effective in optimizing innovation
outcomes and operational efficiency through robust mar-
ket competition incentives. This indicates that public sec-
tor procurement strategies should balance technological
risk exposure and supplier capability differentiation to
maximize innovation achievements and institutional re-
turns.

5 Award Endogeneity Analysis

The public sector optimizes the award budget in pro-
curement competitions to improve fiscal fund efficiency
and prevent resource waste. By reasonably adjusting the
award, repeated incentives can be avoided and the bal-
ance between competition awards and long-term contract
benefits maintained. This encourages suppliers to focus
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more on R&D investment and long-term cooperation
profits.

Proposition 5 For any k € [0, 1], there exists an op-
timal award A" that maximizes the public sector’s benefit
level.

Proof According to Eq. (3), the public sector’s ben-
efit level is

kb
1T = re + E[€,] -~ kbGo(kb) + [ G (x)dx - A -
ke(e)) (28)

Substitute e; to obtain

_ r(A+b) (kb—,u) _
II=r o 10) . + E[£,] - kbG ,(kb) +
kb c| r(A+b) (kb—/_L)2
_wGAf(x)dx_A_k2|: co ¢ o
(29)
Let the first-order partial derivative of IT with respect to
A be zero:
2
(bk = ) 2
oIl exXp — T}"
A -

cy2mo
(bk - )’ s
—— kr

(A+b)exp -
Y -1=0 (30
cmo
Solve Eq. (30) to obtain the optimal award A":
2 2 2
A (b) = E(k)J2mr (;{' : 2cE*(k)ma® b (31)
r
2
bk —
where E (k) = exp%.

Proposition 6 For any k > 0, there exist thresholds
kb <p <+ and 0 <o <+, when u>pu or o >0,
dA”
b

Proof The partial derivative of A” with respect to b is

A" E(k)Vom  4cE*(k)m|

E=(bk—ﬂ) - 2

< 0.

1 (32)

For any k>0, according to Eq.(32) , there exist
Hlln}m% <0, ”lirgw% <0.

When independent and affiliated suppliers compete
(k> 0), the public sector can reduce the award budget A
in two situations: (1) When independent suppliers have
strong R&D capabilities, their probability of winning is
high. Then, the incentive for independent suppliers
comes from award A and long-term contract b. As the fu-
ture income of the long-term contract becomes an impor-
tant incentive, the marginal incentive effect of the award
is relatively weakened. (2) When the output uncertainty
is high (o is large) , the randomness of the competition
outcomes increases, and the presence of rent kb signifi-

cantly reduces the probability of independent suppliers
winning. This leads to a reduction in suppliers’ expected
income from the award A and weakens overall competi-
tiveness. In this case, the award cannot effectively in-
crease competition intensity, and the public sector can
optimize fiscal expenditure by reducing its budget. In
summary, under these situations, the future stable in-
come stream b strengthens the supplier’ s motivation to
win the competition; therefore, they accept a lower
award A while still actively competing. When competi-
tion is fierce, even if the short-term award is low, long-
term cooperation remains an important incentive for sup-
pliers.

By setting u = 1, o =2, Fig. 8 is derived, showing
the boundary conditions under the u, o constraints for re-
ducing the award budget. In the shaded area, the public
sector can reduce the contest award in proportion to the
strength of the long-term contract incentive.
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Fig. 8 Award strategy under u, o constraints

In summary, whenw > u or o > o, the long-term con-
tract provides suppliers with sufficient incentive to substi-
tute for part of the short-term award. This allows the pub-
lic sector to reduce A" accordingly to optimize expendi-
ture. This outcome highlights the substitutability be-
tween short-term awards and long-term contracts under

different circumstances.

6 Conclusions and Implications

This study examines optimal invitation bidding strate-
gies for public sector innovation procurement using a for-
mal competition model. The main findings are as fol-
lows: (1) Strategy depends on independent suppliers’
technical capability. A hybrid “Independent + Affili-
ated” bidding strategy enhances both innovation output
and public benefits when independent suppliers have a
significant technical advantage; conversely, if they are
technologically weak, this strategy hinders competition.
(2) Long-term contracts are a double-edged sword.
While they provide stable expectations, they may also
weaken suppliers’ motivation for sustained innovation,
requiring careful trade-offs; (3) Award budgets can be
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substituted with long-term contracts. When projects in-
volve high technical risk or if independent suppliers are
highly capable, a suitable reduction of the award budget
allows for better use of long-term contract incentives;
(4) Flexible strategy adjustment is crucial. Public sec-
tors should avoid a one-size-fits-all approach and instead
formulate bidding and incentive strategies flexibly,
based on supplier capabilities and project risks.

A relevant example is the procurement of critical com-
ponents for China’ s LEO satellite internet constellation.
During the initial technology phase, the responsible
agency adopted a typical “Independent + Affiliated” invi-
tational bidding strategy, inviting both a private com-
pany with proprietary phased array chip technology and a
traditional state-owned aerospace research institute. This
strategy successfully stimulated innovative designs that
surpass conventional solutions. As technology advanced
into the engineering and cost-reduction phase, the public
buyer increasingly adopted an “Independent + Indepen-
dent” strategy, fostering competition among several pro-
ficient private firms to effectively control system costs.
This case clearly shows the core principle that the public
sector should dynamically adjust its bidding strategy
based on suppliers’ relative technical capabilities. Fur-
thermore, combining “R&D subsidies with future vol-
ume commitments, ” the project’ s contract design sup-
ports the substitution relationship between long-term con-
tracts and contest awards in high-technical-risk sce-
narios, offering strong real-world support for the theoreti-
cal propositions of this study.

Drawing on these findings and case insights, several
management implications emerge: (1) In bid inviting
bids, priority should be given to independent suppliers
with strong technological capabilities, while affiliated
suppliers can be introduced to ensure effective competi-
tion; (2) Although long-term contracts provide stability,
they should be supported by dynamic performance evalu-
ation mechanisms to prevent supplier complacency and
sustain continuous innovation; (3) Confirm whether the
primary project goal is a technological breakthrough or
cost-effectiveness. The hybrid bidding strategy enhances
both innovation and benefits when independent suppliers
have significant advantages; (4) For projects character-
ized by high technical risks or when suppliers have strong
innovation capabilities, appropriately reducing the award
budget allows the public sector to fully leverage the in-
centives of long-term contracts and optimize fund alloca-
tion.

However, the assumptions and conclusions of this
study have certain limitations. For example, will bid-
ding competitions generate technology spillovers, infor-
mation sharing, or other benefits among participating
suppliers? How can the public sector provide R&D sub-

sidies to suppliers to improve innovation performance?
These questions warrant further studies.
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