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General organization team model: T = [, (S,.”, P),{Bi,i € I}, wo]

(n+ 1)-person game: G = [I,(S, .7, P),{Bj,i € I},{w;, i € I}]

@ Set of decision makers: I ={0,1,...,n}
e The organisation head: 0
e His employees: 1,...,n
@ Probability space of alternative states: (S,.7, P)

e State space: S

e c-algebra over S: . (family of subsets of S that includes S
and is closed under complementation and countable unions)

e Probabilty measure: P (countable additive function . — [0; 1]
s.t. P(0) =0and P(S) =1)

© Set of alternative strategies for decision maker i: B; (i € /)
— Set of joint strategies: B = X[, B;
© Payoff (compensation) function for decision maker i:
wi: Bx S — R (assumed to be P-integrable for every 8 € B)



Expected value of the payoff function for decision maker i:
w; : B - R defined by

oi(B) = L wiB,s)dP(s)
A joint strategy 8* € B is optimal if

wo(ﬂ ) max a)o(ﬂ)

Assumption A: There exists a 8* € B such that
wo(B*) = wo(B) forallpe B
wo(B*) > wo(B*/Bi)  forallgieB.pi#p  (i=1,....n)

For a joint strategy 8 = (o. . ...fn) and a strategy 3’ for decision
maker i, 5/B. is (Bo, - - -+ i1, Bit1s---»Bn)



Incentive structure: A set W = {wj,i = 1,..., n} of employee payoff
functions.

An incentive structure W* = {wj.‘,i =1,...,n}is optimal if

w; () = Ega)f ; (B*/Bi) uniquely foralli=1,...,n
(the optimal joint strategy is in a strong sense a Nash equilibrium)

The incentive problem: To find an optimal incentive structure.



0

9,...,0Y) is defined

The paid worker incentive structure W0 = (w
by

w?(ﬁ,s):{1 i = B (i=1,....n)

0 otherwise



The paid worker incentive structure W° = (9, ..., w3) is defined
by

1 ifg =5 _
0 _ i i _
@ (B:s) _{ 0 otherwise (i=1....m
The profit-sharing incentive structure W' = (w}, ..., w},) is defined
by
w;(ﬁ,S):a,'a)o(,B,s)—i—A,- (i=1,...,n)

where a;j is a positive constant and A; is any constant
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Condition S.1

(the decision makers)

I=1{0,1,...,n}, wherei=0isthe headandi=1,...,nthe
subunit managers.



Condition S.2

(independence of subunits)

(S..7,P) = (X[o Sio [ X[y ] T11q Pi), where (S,.%, P)) is
the probability space of the ith component’s environmental state
variable and o [X?:o ﬂ] is the o-algebra of subsets of S
generated by the o-algebras .}, i = 0,...,n



Condition S.3

(a strategy contains an observation strategy, a message strategy, and a

decision strategy, and the subunit managers only communicate with the
head)

If B € Bj then Bi = (&, vi, 6i) for some
@ observation strategy & : S; — Y
@ message strategy v, : Y; — Y
o except yo : Yo — Y, of the form
Axyo(x) = AX(YH(X), ..., ¥8(X)) (vh : Yo — Y, and yi(x) is
interpreted as the message from the head to the ith subunit)
@ and decision strategy ¢; : Y; — D;
where Yo = Yo x --- X Ypand Y; = Y, x Yy are information sets
and Dy, ..., D, are decision sets.

For given observation and message strategies, information
functions y; : S — Y satisfy

yi(s) = [¢i(s1). vo(v0(s))] (i=1,....n)
¥o(s) = [o(s0), 1(y1(8)). - - ¥n(¥n(s))]



Condition S.4

(payoff for the head is the sum of the profits of the subunits and the central
administration)

The payoff function for the head is of the form

n

wo(B,8) = Y vildi(yi(s)).60(¥o(s)). 811 + vo [60(¥o(s)). o]

i=1

wherevi: DixDygx Si—R,i=1,...,nand vy : Dy X Sg — R
(profit functions)



Condition S.5

(The profit of a subunit accrues directly to that subunit)

wi(B,s) = vi[6i(yi(s)), d0(Yo(S)), si] +...?27?



The class .# of all incentive structures requiring the head to know
no more than yo(s): The class of all tuples (w1, ..., wn) where

wi(B, s) = vi [6i(yi(8)), 60(0(s)). si] + Ci(¥o(s))

where again C;: Yo - R



Conditional expected value:

For (measurable) subsets U C S:

E[f(s)ls € U] = fseuf(s)d;:((fj))

_fummm@
_ f f(s) dP(s)
seU




The own profit incentive structure W' = (o, ..., w!) is defined by

] (B.5) = vi[6i(yi(8)). 60(yo(8)). 51 + C/'(yo(s)) (i=1....

where for all y; € Yy

d%)—;j;WWWWWMGﬂ%%@ﬁ%MWS—A (i=1....

where again

yi(s) =g (s) A 55())] (G="1...

Yo(8) = [4o(S0). ¥ (¥1(8)), - valya(s))]

and

A is any constant (i=1,...



Given the organization model T = [I,(S, .7, P),{Bi, i € I}, wo] with
the conglomerate specifications S.1-S.5, if T satisfies Assumption
A, then W is an optimal incentive structure in the class .7 .
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Given the organization model T = [I,(S, .7, P),{Bi, i € I}, wo] with
the conglomerate specifications S.2-S.4, if T satisfies Assumption
A andy;[Yi] = YjandVy; € Yi: P{s € Sly;(y;(s)) =y} >0
(I=1,...,n), then W' is an optimal incentive structure in the
class .7.

To be shown: ! (8*) = max @"(8*/B;) uniquely foralli =1,...,n
i€Dj

Assumption A: @y (B*) = 21an wo(B*/Bi) uniquely foralli=1,...,n
i€Dj

Sulfficient to show:
(B IBi) + Ai = wo(B8°/Bi) forall B € Bi,i=1,...,n
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v (8)= ¢/ (5):v5 (v5(s))] (i=1....n)
Yo(8) = [¢5(50) 75 (¥5(8))s - ¥ (a(8))]
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Z fses fses% (s")=jo(s ¥; (). 65(¥o(s")) Sj] dP(s")dP(s)

j#i



v (8)= ¢/ (5):v5 (v5(s))] (i=1....n)
Yo(8) = [¢5(50) 75 (¥5(8))s - ¥ (a(8))]

5i(s) =4 (), v (o(s))] (="1.....mj#i)
yi(s) = (:(Si),V(')*(Ao(S))]

Jo(s) = |25(50), Y5 (91(8))s - 7i(3i())s - ¥a(Fn(s))]

o] (B 1B1) + A = f v,-[a,-(?,( )).65(Jo(s)). si] dP(s) +

> f v ().55(%3(s"). | dP(s')dP(s)

]#’ €S|y0 S) yO

@o(ﬁ*/ﬁi):f vi[6i(7i(s)), 55(Fo(s S:] dP(s) +

Zf vj [6 y, 60 Yo(s s,] dP(s

J#FI



v (8)= ¢/ (5):v5 (v5(s))] (i=1....n)
Yo(8) = [¢5(50) 75 (¥5(8))s - ¥ (a(8))]

5i(s) =4 (), v (o(s))] (="1.....mj#i)
yi(s) = KI(Si),V(')*(Ao(S))]

Jo(s) = |25(50), Y5 (91(8))s - 7i(3i())s - ¥a(Fn(s))]

BB 1) + A = f w[a,-(y,( $)). 63 (7o(s)). s1] dP(s) +

> f v ().55(%3(s"). | dP(s')dP(s)

]#’ Eslyo S) yO

Gl 18) = [ n[ai3i(s)).550(s). 5] aP(s) +

seS
Zf V1[5 ¥i(s))- (Yo )’Sj] dP(s)

J#FI



v (8)= ¢/ (5):v5 (v5(s))] (i=1....n)
Yo(8) = [¢5(50) 75 (¥5(8))s - ¥ (a(8))]

5i(s) =4 (), v (o(s))] (="1.....mj#i)
yi(s) = 4(3;),76*(0(3))]

Jo(s) = |25(50), Y5 (91(8))s - 7i(3i())s - ¥a(Fn(s))]

o] (B 1B1) + A = f v,-[é,-(y,( )).65(Jo(s)). si] dP(s) +

Zfsesfs F(v7(8): 65(v5 (). 8] | dP(s")dP(s)

JEI ES‘YO S) }/O

oo 1) = | _n[oi(e).03(50(s)). ] aP(s) +

Zf v [6:(51(9)). 65(50(s)). 5] dP(s)

j#i €S



[ [507():6305(5). 57| 4P ()P (s)
seS (s’eSlyg(s’):f/o(s))



[ [ () 53(05(5). 51| 4P()aP(s)
seS J{s'eSly;(s")=ho(s

f f( o y(v))[ ( () 0(5)) 830(57), 8| dB(s")dP(s)



f f 61 ¥ (8')), 0o(¥o (s’ ))3] ( ")dP(s)
seS J{s’ eS|yO(s =o(s

f f v)[ ( ()75 (%)) - 85(06(5)). 5| dP(s")dP(s)
seS (seS\yO )=5o(s)}

-[ [ (80):7% (76(5))) - 33(36(5)). 5| dP(s )dP(s)
seS J{s'eSlyy(s)=ho(s



[ [ (507 5305(5). 57| 4P()aP(s)
seS J{s'eSlyy(s")=5o(s)}
S s)) 67 (6007 05(50)  85006()). | 4P(s)aP(s)

ol L1 RO RO ECEEE

seS (seSBs ..... s/ A,sl’Jr1 ..... 1Y (8gsw-0:87 18 ) =F0(80+-+:8)---48n)}

9 [67 (65, 7% Go())) . 55(36(5)). | 4Py (5))aP(s)



Jos Saror P00 ). 57] 4P aP(9)
LS ey o) |67 (¢ (). 75 (v6(8))) 55 (8)). 57 | dP(s")dP(s)

- fses j(‘s'eswyS(s’):?o(sV)j; 7 (¢7(5).7%5 (70(9))) . 85 (30(5)). 57| dP(s")dP(s)
) LES \f(sfesfas """ 7175150 (808 -5n) =Fo (S0 +Sn)}

(65 (660, 90(5))) - 0(9)). | P S 0P(s)
N {

se$ seS/EIsO 581_158] 150550 Y0 (80,8 »+:87)=T0 (80,880 )}

1[5 (). 7 Go(5)))-650(5)). 5] 4B(5))P(5)



f f [57(}’7(8’)),68(%(5’)),s,-’] dP(s")dP(s)
seS J{s'eSly;(s")=ho(s
_fses V/[ ( (s )7’6()’0( )))’56(}/5(3’)),sj’]dﬁ(s')dp(s)

{s’€Slyy(s)=Fo(s)}
\fses

Y (67 (¢ () 7% (56(9))) - 65T (5)). 5] | dP(s")dP(s)
LES

%

T

(s"€Sly;(s)=Jo(s)}

%

{s eSBs ..... S/—1"S;/+1 ..... s;,:ya(s(’),,..ﬁsl’...,.s;,):,\”/o 05--+5S]5++5n )}

(s
4]‘( .75 (0(5))) . 537 (s)). 57| dPy(s])dP(s)

ot
B fsssf( es,|as0 St g /+1 187 70(8g50+8] --8p) = .VO(SO SjseeSn))
vi[o (1:, ). 75 (96(5))) 55(Jo(s)) 57| dPy(s)dP(s)

)
167 (67 (/). 75 (Bo(5)))  65(Fo(s)). 57| dP(s")dP(s)

L&S

%

s’eSlJo(s")=5o(s)}



f vi (6 (%7 () 65(x6 (") ]| dP(s")dP(s)
{s’€Slyy(s")=Fo(s)}

f 874 (5D) 7 (%6(8))) - 85 (vs (7)), 57| dP(s)dP(s)
s Jisresiyy(s)=ho(s))
s fs S o(o] |67 (& ()75 (76(5))) - 650 (s)). 87 | dP(s")dP(s)

LES\[ 1€S)As(.....8]_ A,sl’Jr1 ..... S1iYg (8hs-0s8] 3585 =0 (80++8j++++5n)}

-Sjs

(s
4]‘( .75 (0(5))) . 537 (s)). 57| dPy(s])dP(s)

\fsesf(esjﬁso 11 /+1 8050 (84 s]’ LSh)= yo(so ,SjseesSn)}

vi[6 (5 (8)), 7% (30(9))) . 85(o(s)). 5] | dPy(s])dP(s)
| R OO RACKON REEOE

ey 115 G A5 06() 5050(5). 51| 4P )aP)



T

%]

e
S

T

=

—
%

TS TS

<

—
2
P

J

[

f 167 (57 (). 65(v5(5)). 1] dP(s")dP(s)
{s’€8Slyy(s")=Fo(s)}
eonorea 19 (6 625 06(5) - 8506(5). ] aP(s")aP(s)

Y (67 (¢ () 7% (56(9))) - 65T (5)). 5] | dP(s")dP(s)

'eSlyy (s)=Yo(s)}

%

S

m

{

)

S Jis eSBs ..... SLVS}/M ..... s;,:ya(s(’),,..«,sl/...,.s;,):,\”/o 05--+5S]5++5n )}

(s
(8)), 7 (30(9))) - (o (s)). 57| dP(s/)dP(s)

—
)
—_~

A
*

S (eS,IEIs0 I1,slf+1,...,s;,:}70(so s]’ LSh)= yo(so ,SjseesSn)}

(5(5): 75 (96(5))) - 65(Jo(s)). 87| dPy(s])dP(s)
7 (8(5)): 75 (0(9))) 8 (9o ()), 57| dP(s)dP(s)

19 (4 §o(s'))) - 85(30(s)). 5| dP(s")dP(s)

57 (71(5)) - 55(0(s)). 57| dP(s")dP(s)

m%

Vi[9
{s’eSIPo(s")=Jo(s)}

S J{s’eSIfo(s")=Fo(s)}

. "
€S J{s'eSIjo(s')=Ho(s)}



[ [ (507 5305(5). 57| 4P()aP(s)
seS J{s'eSly;(s")=ho(s
=S )[ (65774 55(5)-5(55(5"). /] 4P( )aP(s)

es Jiresy: () sl}[ f(Q*(Sj,)’?’g(f’o(s))),58(}70(8)),sj’]dls(s’)dP(s)

%

=

TS
=

seS

gt

{s eSBs ..... ” l+1 ..... s,,yo(0 Sl sp)=J, (so S .Sn)}

4]‘ )75 (Fo())) 6 ((S)) /| dP(s))dP(s)

A

=

Il
T
%

seS

d;

(eS,BsO -S> ,+1 587290 (8g 5587 -850 ) = ?0(80 +SjseSn))

£(5). 5 (96(5)))  8530(5)). 51| 4B (s))aP(s)
(657 Go(9))) (7o), | 4P (s )aP(s)

[0 (65 75 Go(5)))  85(36(5")), 57| dP(s')dP(s)
seS J{s’eSlJo(s")=Jo(s)}
f v [67 (71(). 85(0(s)). 8| 4P(s")dP(s)
S J{s’eSlfp(s")=ho(s)}

118 (31(5)). 63(70(5)). 51 dP(s)

<

—_—

J

A

V|0

Il
PR

Il
e
%

seS J(s'eSljo(s")=o(s)!

%h



@ Groves does not consider the situation where a subunit
manager sends information that could not be the result of the
optimal strategy



@ Groves does not consider the situation where a subunit
manager sends information that could not be the result of the
optimal strategy

© The head must know what the optimal strategies are and how
to calculate expected profits



@ Groves does not consider the situation where a subunit
manager sends information that could not be the result of the
optimal strategy

© The head must know what the optimal strategies are and how
to calculate expected profits

© Motivation often comes from the prospect of a promotion or
raise, i.e. the possibility of changing the incentive structure
itself (footnote 7)



@ Groves does not consider the situation where a subunit
manager sends information that could not be the result of the
optimal strategy

© The head must know what the optimal strategies are and how
to calculate expected profits

© Motivation often comes from the prospect of a promotion or
raise, i.e. the possibility of changing the incentive structure
itself (footnote 7)

© The head tries to have his cake and eat it too



