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Abstract

I examine a principal-agent relation wherg pal observes the actions of the agent with
error. In order to motivate this situation, I 1afa at the principal uses a device for monitoring
the actions of an agent witho nowledge. The device potentially garbles, without prejudice,
'
a .

combinagion of Nature and the agent’s input. In this note, | am interested in a somewhat different setup: the
principal observes action, but the observation is done through a device that returns a binary message and can
garble the information it observes. | use the word “device” in this paper to distance the reader from the idea of a
technology as used in the complete contracts literature, which assumes unobserved action. A survey of that lite-
rature and interesting results can be found in Silvers [1]. The general impetus for this paper is Holmstrom [2],
which would suggest that such a device, no matter how imperfectly it functions, serves the principal when it
provides any information on the unobserved actions.

I simplify the setup and focus on providing a metric for the cost of this device related to the efficiency of the
device and, thus, the number of observations that the principal would have to make when using such a device.
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Being able to derive a cost in this manner is thus a contribution to the literature that suggests that some contrac-
tual adjustments might mitigate shirking, though in a context where observing actions trumps observing out-
comes. This needs justification. While it is true that a principal may not even wish to acquire information on the
actions of the agent?, it is also entirely conceivable that she might. Indeed, in several settings, this makes patent
sense. One can readily imagine an R & D unit, for example, where there may not be any noteworthy outcome for
long periods of time, but the actions of each individual researcher in the innovation project matter.

The principal’s monitoring device is rarely perfect in practice; there is always the potential that the device
provides imperfect, garbled feedback. | show that as the principal’s device becomes more reliable—and there is
less misinformation from its use in the observation of the agent—the best outcome feasible i improves. In a world
tending towards fully state-contingent contracts, this much is perhaps fairly intuitive. Intg , When the
principal’s observation mechanism makes more observations of the employee’s actions,
undertake more actions and this can reduce the principal’s best possible outcome. Thi

ing the reference point more clearly compared to flexible terms, and t
gret and shading. In the context of this paper, a “rigid” contract confi

tract.

In the next section, | present the model by first char
monitoring process, followed by a derivation of results
scenarios. | then provide a discussion of the model befor

at the principal employs in the
maximum feasible outcome under both
oncluding observations.

2. Model

Let us imagine a principal and an agent with o
spectively. Assume that the action

e space of the agent’s action set,
(Plovpll)’(onvle)f"’(PsO’Psl)’ (1)

represents the negative behavior situations, each at observation g. Note that
0 1 . 0 1
PyNP =0 P/ UR =B )

where g =1,---,s
Define a vector containing the observation results from the device, « with s elements taken from the set

S= {0,1}S each of which corresponds to P* = ﬂ::ngKg . Once the principal receives the results she selects an

action, a* e A. Therefore, the principal’s strategy can be defined as depending on the 2s sets as in Equation (1)

'See, for example, Crémer [3].
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that satisfy Equation (2) and with r =2° actions.
Assumption 1. We can further assume that we can correspond x with a positive integer from (0,1,~--, r —1)
such that

(1(125'1+/c225"2 +-~+KS) 3)

thus making x,x,---x, the device’s binary input.

Definition 1. A Hamming distance [6] describes the garbling errors of the principal’s monitoring device over
a period of observation. For any two vectors, « and &, both with s elements, drawn from S, the Hamming
distance D is

D(K,&):g]iq -3

(4)
Thus, D(K,S) represents the number of errors that the device makes as it ures @a nt of ob-
serving the agent and emits « for the principal.
Definition 2.
Let a garble-adjusted D be defined as
Q,=(9eS:q=D(x,9 (5)
Definition 3.
The principal’s strategy is the pair
(a0 (6)

where (4:S— Ald(x)=a") and (©:B—>S = O(ik « ifbePY).
Given this strategy for the principal, the ag

eqt selects an d the observation conveyed to the princip-
ipal may make some reading on the device, x€Q,(9),
eaction, a*. The outcomes of this transaction

for the principal and the agent are given simply ( and u,(a“,b). Note that the agent’s outcome is
determined only by his actions and ror of deWice. Naturally it matters what the agent knows about the de-
vice, considering it either free prior over the extent of garble and is risk-averse in his
choice of action. | consider or our purposes, the material argument is unaltered and the

analysis is simplified.
Let us assume that,

0 uncertainty at the time of selecting his action since he aware of
device has no errors. The principal acts on the assumption that the
(&4,0), defined as follows:

- (a(0(9))5)) 7 sp(ao(8) )|

@)
> supu, (é(@(ﬁ)) , 6)— ;j otherwise

the errors in the device causing a garbled result as read by the principal. The errors lead the prin-
cipal to 1§ad x € Q_(O(b)) instead of O(b), causing her to select (), rather than &(O(b)). This error
carries a'real cost to the principal’s outcome that cannot be lower than

inf  min u,(4(x),b). (8)

be®(8,0) xeQq(0(b))
The principal’s maximum feasible outcome, IT', is thus
M, =sup inf  min u(4(x),b). 9)

4 (4.0) be®(4,0) Kqu(O(b))

Note that the case where the device does not garble the results for any observations the principal’s maximum
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outcome does not depend on the efficiency of the device. This is obviously not the case in the presence of gar-
bling. Nevertheless, we can show the following:

Proposition 1. If we define a distance function, v, providing a one-to-one mapping over the binary observa-
tions set S, then the principal’s outcome is invariant to the strategies (é,O) or (éol/u,z)o @). Thus,
vV%eS,Jv:9—-0.

In order to derive H;q using equation (9) requires contending with (Squ) which is complicated by the fact
that © has a complex composition. To simplify this propose that:

Proposition 2. For all strategies of the principal (b,@) , thereis a (é @) that permits

inf min u,(&(x),b)> inf min ul(b( )b)

beB(d,0)xeQq(a(b)) be®(b,0)x=q(2(b))

and such that supuz(é(o(b)),b) is met.

In finding the principal’s strategy this then permits us to consider a s
©(4,0) is met, for which the agent’s outcome U, (a(O(b),b)g is identj

IT' > 4 then we should have that u, <u,(a*.b) and x<u,(a’ b);

result for every action by the agent such that either uz(a”
u, (a*,b) <u, . The former condition applies for any agent acti
when the agents action set is parsed into ©(4,0) and
greater than , or the agent’s outcome is less than wu, .

Let the recursive sup function, supsup---sup , b
proposition: alcAa’cA  alleA
Proposition 3. /3, () >0, where

) whefeas the latter would apply
ither the principal’s outcome is

enoted simply by sup. We thus have the following

N

). in 0 (a.0) ).
o)) )

B, (1) =sup supmin {supmaxmi

a- uyeR beB K€S

&l

Theorem. The princi easible outcome using a monitoring device with garbled results is the
solution that minimiz

Proof. Since g, continuous, if it is strictly positive then it must be the case that there
is an action for that ensures that her outcome is larger than g . Say that we select some

u; a’e
gip)lg()ul(a b) D>0 and

inf nggxmax(min ((u2 (a*,b) —E),(ggipk)ul (a*.b) —yD,E— u, (a*, b)) >0

Inre to x constructsets I'* and A", for beB, as follows

re [((u2 (a b) )> O) ggi&)((ul(ag,b)—y) > O)}

(10)

and

(0} -5) ). gy [ 0) ) 2] .

so that if T is nonempty then A® is both nonempty as well as compact, and, therefore, uz(a”,b) achieves
a maximum that is always greater than u, on A*.The maximum value for
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F? = maxu, (a”,b) (11)

ber®
is achieved at b* when T'* =& . Using Proposition 1 we can assume that ¢ =0, implying u<F°.
Define Y* = (b eB:u-u, (a",b) > 0). For x we can then define

PO _ YO, Prc+l _ (l—vc+1 UYHI)\[LKJ Pt]
g=0

Equation (10) implies that B is partitioned by P° P',---,P"™" and O(b)=x satisfies
establish that (é,@) will have the required structure by defining 4:5 — A as &(x)

QB —>S. We can
his strategy

therhavea) be P* NI’ orb) beP* nY". Under a), by Equation (11)
u,(a(0(b)),b)=u,(a*,b)<F*

thus, at each be®(&,0), we obtain

2.3. Discussion

Let’s step back to look at the g
s<s wewould have TII;, >

However, start with a sijffan
garbling and contrast

vations. What is the

there is a given amount of garbling in the device and

ipal can make § observations with the device and there is no
ere garbling is § and the principal makes S = §(2q +1) obser-

the same outcome for her, (é,@) . In this situation the observations needed
(2q +1) times and because of garbling we get true responses to more than
rds, we define ©:B—(0,1)" sothat O(b)=(4,,, -, %), when

define E:(0,1)° —(0,1)° sothatwhen E(4,9,, & )=(k K, &),

i=2gh+1
that for each action undertaken by the agent it would be true that &(®(x))=b(2(x)), so the set
of the agent’s strategies with a principal’s action of (é,@) in the situation where s observations are being
made by the device is identical to the set under an action of (b,©®) with § questions. By definition, @(b)
is such that 3(( = 3( == 9( for all i. Thus, both strategies offer identical outcomes to

((29+1)(i-2)+2)
the principal and IT; , > IT;, ; thatis, aslong as s >(2q+1)§, IT;, >IT;,.

$,q —

2q+1)(i-1)+1) 2q-+1)i

3. Concluding Remarks

It is worth underscoring the fundamental tension that forms the thrust of the argument in this note: as the number
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of possible errors in observation reduces, the garble-adjusted information generated by the principal’s monitor-
ing device naturally increases too, and, therefore, the maximum feasible outcome for the principal increases. As
the number of observation instances increase, the agent’s set of feasible actions expands, and this reduces the
maximum feasible outcome.

The analysis in this paper suggests a possibility of using a particular class of monitoring technologies in a
principal-agent context where the bias arises from a device that can be considered “unbiased”, in that garbling is
not a function of the message. The problem is in some sense simpler than the usual context where strategic be-
havior by the agent is an important and integral component of the analysis; in a manner of speaking, the agent
too may have a monitoring device over the principal’s actions simultaneously.
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