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Research on Nash equilibrium implementing uniqueness of contract
with nonverifiable agent types

ZHU Jun, TAN Qing-mei , HU Gang
(College of Economics and Management , Nanjing University of Aeronautics and Astronautics , Nanjing 210016 , Jiangsu , China)

Abstract: The Nash equilibrium implementing uniqueness of contract with nonverifiable agent types is researched in the true
state. The first-best contract with complete information and the second-best contract with incomplete information are discussed
based on a comprehensive review of the related literature. Based on Nash equilibrium in the signals space , the contract and the
agent type is connected , then the uniqueness of Nash implementation on the first-best contract and the second-best contract is
studied. As a result , the second-best contract can be Nash implemented uniquely in nonverifiable agent types, but the first-best
contract cannot be done , which is offered as a test method for efficient incentive contract design.

Key words: principal-agent ; contracts; nonverifiability; Nash implementation
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1 AR Al RS X

BT 5 B R R AL AR TEEAMREBE BT EE XM KUBRBARELES R THEN,
EAMSEASREAZ MREHX R R EETRARNTE . 5% BREXAMKRBARNTGTHETLEN
N AENE BEBFENGHTHRA RBAEZFFEUSAMAE A X S TFREAXREHNS
IR NERAE XN R AR R FEXA B A S B RN THHRMIR &5 &
ABAMN B CHEERA AR AREAWNSANE , BRARLTE XRE/TTHIRREAN A
SRS BT BT 7T /R 194 (Stakelberg) X15R  BAEATUA T REANELL R AT HERA T ITHRA Sk
BRI .

1.1 ERJIREFSHER

BN FHEMBIEABZTARBALT y BUHES BZREAMN y BUERPHRIBARZROY) ,
HAF R'>0,R"<0,R(0) =0. HUZH & HLFRYHMER ER H B HEE T 7 EE B93% 0T A8 5 -

ZREATENERRE AW E=BA BLLTFHELEN T LR AR B~ R B EERA FLUR
REAMHAGERRRA b €B={b b} REATEEEREMN (&) HATERENEN (b)) HEES 5
A cf1- o MARBAMBREAEL LR «fM1- <2508

C(y,b)=by+F, (1.1
C(y,b) =byy+ Fo (1.2)

B ERENFAb= by - b >0 % Ab ESCHRENDFREANARFEERE . UREBABRKZ A,
REAEBRME CHEE b FEXFEEEWRINELEN .

1.2 RATEERF

L€ PIRERRIR AT EBHRAZENE y IBEASGEARBEANRE NEB M 2.
Y ERABEAXRREWATRES HPEE—MTEEREIZLTFXANERLFTHMXZ RSN,
B y EXAEIESSHE £ BB - & LAESSHE L BEFERN '

E={(y,2):y €R’ ,z €ER .
XETERA LABE =TT (g EE) MEFH R A BT 7 AR F 5 B4 77 FIET KR AR R
AT .

RN FHREZFEA BT HRAREN T EZE+ R BHR AL Z BTREA BRI E C A L7

ELFEANTMER . ZERENKIEE SRARAIEN B2t 4322) . B304 NEFARLPITNE .

2 2R THSMBLSH RIS RNELA

2.1 BALFHELE —E2F R THRMNRY
E2FERT AR HAEZREARLRRASTREANNLIRRANEE . B S0 87 HAF
H—Br &

R'Gn)=h, 2.1
R'(y) = by (2.2)
LB . BRUTHKFE »" Ay RS ERIS B
Wi'=R(»')- by - F, (2.3)
Wy = R(yh.) - bh}’h. - Fo (2.4)

IR (2.3) T 2. 4) FH WEBT=HATF 3" f yy HETUZHHE . BF 5 AL R(y) - by,
MR - oy’ ZR(y ) - byw XA b, > b RO ) - biyn >R(m ) - by ,EBEE R(»m') -
by >R(w) - bayn Bw' >wy o R(2.4) e RRERRLRARI AW HALLME B35 T
LAERL . FlERQ. D RQ.2DK o> 5 R(») <0F18 3 >y « BTFEERA FELREESM BT
BHERZRENER AAETE AHBIEAE. EREUTHR:

9 © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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PR 2.1 BREAREAFEEHELSERNEATRIEREAFRGIENERMME
HE 2.2 SBERBAMEMT HEEIERBEABEANRMTH .
T PR EES BENRMARIEANBAKEEPRETREASRSINTRL KX R HIKF X4
BRAHEIREANS 54X . IREREARS SRAXRNBAKFRAT NS SLARALUETRA
z - by =0, 2.5
zp - bnyn 200 (2.6)
SRR K A RREARAAMRA R AT IRA N B BoEZ E4EN .. T2EER
TH—HBRRANT WREARBALEE b WRMERA (2 ,30) MEREBALEE b WRERY (2,
w) o HWRRIEAMRRE AT FEASLHAREETRER ZENMSRRAAFRER TR EPTIXMES -
BHEMEBEREANTERBRE(),2) ZHE A
HOP LA D) XETEFMEERPRIN —KEHE,
BER b BTF b > b RIEEEREANSHT ERH N
FEATERERBAY BEFMHEEREANERH Ui =z-by=0 e
B AR — R X AR R BT —% e
JRFIHF (Spence-Mirdees) &4 . [ 1 b B4t EE B[ N e
S R BRI A2 b T MBS ERE AR RS OV =R()-:
ELEETHERMBEATURBE1$M 4 fiB" | = I .
SHEHIECE (2,0 ) (zn ,wn )} BFET . FEEF 4 A \ "o 4
5 AL BREAFHINEZRERTRIANE el o bt oo o onte it
FHEFHAMEET. ZRANSHABRZEE T (4" and B " comesponding with configuration)
BN ERBREARAEY ZREASERERBARGHBIREESHFS SR 2.1 K. A n
FARENE b KEPRBAXZGHEMAIBAKTE A i BRBEAES b KEREARL S IR
FIRMAKTE . EXZL2EET . ERAHELTEFN [ERERA& FUE v =w v =w, .
2.2 BEERE TRBHAAR BE5ARSEEHE
EAXNTEET BLFEEAE s EREANBAGE NZ2EETHERARAEARAEEEH RIERF
M. B 1R LUER 2 MEBEMABAERI B AR 47 EAE B AHERCERATEABS %05 i
X RLT — RS IERIRRZKF IR 47 iR R KT @i 4 - SRR EREAMSERA
HIZXT B T — P24 KT /NTF%E#E B ST MERA AT . Bt S EBEARNRELT T2fE
ETHEMBACLEELNE . EF%RFERFEEIN MR —HRARBHHEEN FEWE
f‘E)‘L 2.1 %E—éﬂﬁg@{ (21 ,,Vl) » (Zh ,yh) }z%ﬁif)ﬁ*ﬁ@ﬁ"l ,)ﬂﬂ(zl ,yx) *HX#:F(ZII ,yn)%%ﬁ% b %’_—@.
REARISRIT T (20 ,0) X TF (21 ,00) BIEEE b KEMAREANBREF |
zi- by =zw - b, 2.7
Zn - buyn =21 - bayro (2.8)
Q2.7 Q. MEN 2.1 HFFRIER . BT BBHEAATRIN H—HRATUSREAEZ N
EATEMNREHKREANBAZ O METIMEFNISRAKTE v, AFEITIE BRiZ v, BT FHTH
R(Q2.5 RKQ.O)EXSEAER . FEX (2.5 ~ (2.8) FAEEMNS SARMBAHELAREZERER T
ARG B MERERES LMRS  EMNERZE T — MBI/ E .
R 2.3 EH—HRARMNKES SARMBHEETARR 2.5 ~ @.8) NEREMBTITH .
TLEET ZRARBHEEMAREHREAREFZBAAT B
th =z - by =0, 2.9
Uy =2z - by =00 (2.10)
BEEARHEET S TRE AT —EHEL (2 ,0) ; (zn ) } R EHREEER p AT NE T HRRRE
WEEA b, REAFTREHRA KT R
Zh- byn=zn- (bh-Ab) =21~ buyw +A by = Uy +A by, , (2.11)

Ul =z-by=0

o © 1994-2009 China Academic Journal Electronic Publishing House, All rights reserved.  htip://www.cnki.net
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BB AT MR EAR AR EBBARNE B U =2 - bayn =0 BEEREADAEB AR TTHIR
(B IR A by o RO T BRRTBRRRI P2 08 B . B FER BT 0
BRI AFBIARMHRIEAIRS SRAERTE  SRBERBATHAER B 3 >0, ZFEAR
LB TE LR BASRRERRAKT SHAL TERERREA LS EHE X ME RHENT
ERBHETRENENTEREAREFEE LIRS AHTENE, TEBA Ui=2- an M U=z - by
A BIFRFRERATE AREHNESHEE . X ZRAFE KN RERE R T — 1R, EEERLM
FHRT AT 89 AT LAY R AT BRI B E -

TERARBALRR BRBEARTH—HBR T TRAR{(2.0) ; (2, 00) } FERNERBER
RRFRIE B TR AR R B ETE =0h

(P : max (R(3») - z1) +(1- D (RO - z)

[{CABH R
s.t. (2.5 K (2.6) K @. 7 FIHK (2.8)
RS E4EN TTREEAN BIREHESE N BEHESM™HAKTFHHEE, FRKEMBARR
2.7) Q. 8) I 5AFR (2. 5) - (2.6) 2B s BEHEMEREEER R MBS AR EH

(P): — ))[T(R(yl) -hy)+A- (RO - ayw) ] - [t + (1 - D) Uh],
h 2 Y e
s.t. U >U}. +Alwh, (2 12)
Uy =U - Aby (2.13)
U, 20, 2-19)
Un 20, (2..15)

2.3 FESHWBSEERRENRIBEME —LmEFE T HRINRY
BRI ERBASSEF B BRI X5 B ABARIR R X AR AEEHD ,— 1
REUERBANBRARN . 12) , B THRERRERBAMSEARR(2.15) . IENMRERM
BF TREM TREZRMBEL THHIYERR:
U =Aby, , (2. 16)
Uy=0o (.17
EFRXHENMARE AR RN (P, HFHE— R EEI R ATHAKF »:

(P): ((m))[T(R()’]) -by) t(1- D) (R(On) - bayn)]- Abymo
Yo

XFAK FIRR ( P) SKAE I EAR CYRREEZAR BRI RN AR FRE BT R AR  AX BT efF
BT . TRFMEET BB A AT HK PR & E B —Br &4

RGN =b, (2. 18)
(1- D[R () - ba]l=7Ab (2.19)

2. (2. 19) THAFH 15
ROM =bu+ T Ab>B=R'(n) o (2.20)

FEEETE R (M) =6 RQI)FH i =y BIRIFRELE T XA p) AL HBERE
KB REAHRMT=HAF . METLEETHE R'Gr) = o HABIRA R() <0, R Q.20 FMH 3 <,
B R ME B TR AR ( P) & 10 F H BRI E R B AREAWBMLT=HAKTF . BREZESHEMBUA
BRHERSHEK (2.19) 2E EXHERESN ZRARRNEZE MR BB RREARE AR HA
F o GEULEST AEHREET REAEEHEN R 2 U EREIRE RN SHE TR

PR 2.4 XNTEBEMREA AEEFHACEREE B o = 3 T TR A = HK
SRR <y R (2.20)

R 2.5 RASRENREABE—N=KENEEHEE:

U =AMk . (2.21)

MR 2.6 RMBLWHEB A2 51HR

3
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2 =by +Aby, (2.22)
zllcY = br.yfY ° (2.23)

RXTFRES BT R R 2 58 ASF BB E( (5 . n") 1 (47 ) }ER AHFEL
BETHRMREL (4 B HEMEE((2 . A N
n) iz )Y ARFMEET MBREATRA Wmeebe=t oot s
SEAME BT MR AR 2Ly T 5 2 AR TR GE AR | ' s
TR LY (2 v ) R ERAE— /N ERE i@ U=z - by = 2by{T g -
B EMBHERBAMTEERMA . JHNERE | © ==
SHEBREARANL MERANEEREHR | O G2 A"
BREAFERERBEA BT AT BRRE 0 o Eio |
oy BREEXASHEARBAFIMEERES o >
Apy MHAREEHERBANEZEN B HEE @y FuwmERTHRRSES 4™ BN EHEE)

ol =1 K5, 5  HER—&EREABANTERH Fg.2 'Ihecysecond-l:st contract with i.noonplete inf'ommﬁon
%t 54 ARENEESAHERNTHAT il il

C B "X BEC B FIE T X AR EA R AR E B S BEART JET AR MR
A& dy EEBEM R/ NF RSB R ML RRS X MR —EFR Q.19 WHE & . %4
RETFHORASE BT A EES AR BB R MERE R A W= HAT . B2 £9 2 5HS 0 MRE
Ay —A ) RURBBENHREr 0 RN RS BB NS BEN— M EERE.

3 P SIRA LRI

FE ERFEEFREF A TREBAXBENLERIE SEERALTEREASZRSHBEREX
B BARRARENIH S KB RSHEKR  FEEDZAREI T SORAEEIE R A9 545 5L
B BRI TKBR T HERE AN EE=FHREREXTREAXRERESHNEL. BRI —
BENESZE AP KA MESZR —TRERAWVGESEN v, , B3 TEREAMNESERE r.. B
I 5B EERIBRET X RATEXITF :

X 31 MHEERZRARENFTHESEE 4, M x. M x=x Xx. ZIEESE EBE7T() B
T, ux) = (2(x, %) .y (%, ,x)) , V(x, ,x) €xo

BREZELAMREBANBAEREDFA V=R(y,b) - zFMU=2- C(y,b) - HAFBEHENL 55
ZE E— A BEN LR —IES (x, () ,x. (NDHEUTSEAWBRAR NEEAE

R(3(x, () ,xq (B) ,b) - 2(x, (b) ,x. (B)) =R (%, ,x. (b)) ,b) - 2(%, ,x. (b)),
Vb €B,x, €x,0 3.1

XFREAE
z(x, (b) ,x. (b)) - C(¥(x, (b) ,x. (b)) ,b) >2(x, (b) ,%.) - C(F (5, (b) ,%.) ,b),
Vb €B.,% €xa0 (3.2)
KRG DEA SAZENEREBEAMKIEE x. (b) HNBHBRMKBRE x, (b) « IEAEM LH
MEFEANRIREE x, (0) B BACHIKIE R NAE x. (5) , R (3.2) EWHTX— A . HEEIBIAN P55
EA BRI R .
X 3.2 TEREBEE(p) T MR ESEE LEFEEN—IPHHEE (x, () ,x. () FTHE 7() B
B —MEBEEE (x, (8) ,x. (8) ,5(x, (b) ,xo (B)), Vb €B NZAMEER T LHH «
LR (ES 2 BLRAR B [ M R KRB Z R g KR 28] 2 B BRI BSE LI F
X 3.3 N B =ERIMET () WE £(5,.5.) = (2(3,.5.) .y(3,.5.)) HF 3, RREAEHCRE
HIZEE B, ARFEAMBER GRS .
EX 3.4 TERFXE(p) T, MRBFERIENF ELHR RS ER KM R R 23 7]_EH—1~9%
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ZF . THRS RS TRS 5 ANEREER . Fig.3 Nash implementation with allocations of the first-best contract
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B FIRERZFRAREEIRTEE(LE ) . Fig.4 Nash implementation with allocations of the second-best contract
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b2 PNEREE v e
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4 g

EEEAXMFEMT FEHEMNTER B TREAMENTZREARAGREE LN EE RIERA
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AKFETHE RARRENRBABIENFEHE AHABAFEHEESHNBORURBEREHHR KL
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Abstract

Intellectual capital has developed the core support of a
country and region in knowledge economy. Much of the
current academic literature on intellectual capital theory
focuses on the firm level of analysis. Few of the
intellectual capital theory and methods is to be further
expanded to communities. This paper puts forward the

. measurement model of China's regional intellectual

capital and measurement process based on multifactor
level fuzzy evaluation method. This study will provide the
cornerstone for measuring and managing regional
intellectual capital and help to uncover and manage the
invisible wealth of a country or region.

1. Introduction

World Development Report ( knowledge for
Development (1998) ) noted that “For countries in the
vanguard of the world economy, the balance between
knowledge and resources has shifted so far towards the
former that knowledge has become perhaps the most
important factor determining the standard of living - more
than land, than tools, than labor.” "'The emergence of a
knowledge economy is a mark that the human society is
entering a new economy era based on knowledge.
Knowledge becomes the most important economic factors
and results in economic revolution which will reshape the
global economy and cause general changes on all aspects
of society. Intellectual capital (IC) has become the key
resource in development of a country and region in
knowledge economy. Much of the current academic
litrature on intellectual capital theory and its
accompanying frameworks, constructs and measures
Stems from an accounting and financial perspective,
[fzocusing on the firm level of analysis (Bontis ef al., 1999)

- Specialists and scholars soon expanded the initial
conceptual level to also include region and nations. This
Paper puts forward the measurement model of China's
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regional intellectual capital and measurement process
based on multifactor level fuzzy evaluation method. The
aim of the article is to present both a new approach to
measurement of intellectual capital of a region (RIC) and
a calculation of RIC index. In order to achieve it, at first a
definition of RIC is adopted and a conceptual model of
RIC is presented. Then, a method of operationalisation of
conceptual model is elaborated, which comprise:

1.selection of indicators of each component of RIC.

2.adoption of multifactor level fuzzy evaluation
method of aggregation of indicators.

Finally, the measurement of each component of RIC
and RIC itself is executed.

2. Review of concept of IC

There is not a unified definition of intellectual capital
so far because the short history of research about
intellectual capital. The term intellectual capital was first
advanced by economist John Kenneth Galbraith in 1969.
He believed that intellectual capital meant more than just
“intellect as pure intellect” but rather incorporated a
degree of “intellectual action”. In that sense, intellectual
capital is not only a static intangible asset, but an
ideological process: a means to an end (Masoulas,
1998)1). Afterwards, intellectual capital receives more
and more researchers' attention. It is roughly grouped into
three perspectives. (1) Intangible assets perspective. This
viewpoint is to analyze intellectual capital from the
perspective of intangible assets. Taking Brooking for
example, in his opinion, intellectual capital refers to all
intangible assets which enable the company to run,
including its market assets, intellectual property assets,
personnel assets, and infrastructure assets
(Brooking,1996)). Masoulas (1998)®) proposes that
intellectual capital is a combination of intangible assets, it
can provide organizations added value, and strive to attain
remarkable goals. It should make full use of intangible
assets such as employee skills, experience, attitude, and
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