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This: paper dcvelopsa an opnmal sequential mechanism for setting tte budget of a bureancracy
‘where the budget seiter (the pnnclpal) kas only partial information concerning the rrinimam
reqmred budget, Bureaycratic slack is consirained by the existence of managers who can replace
Die cofrexnt mahager but only at'a cost due to ke need to l2an. the job. The principal's initial
informaiion: snd the cost of tarnover of managers is refated o the cxpected bureaucratic slack.
The pmlC%p&l gains information over the budget setting prouess, so that a previous budget level
provides hnporlam mlormatxon fox current budget setting.

i lntmductwn

In th(: wxrent chmat° of Dbxbhc opinion the cost at wrich public services
are ,p,iov;ded., is- of particular interest to the taxpayers. The existing public
‘economics: literature generally assumes that the executive or legislative body
rcspmmble for .allocating ; bureaucraiic budgets, henceforth called the
;mcijpal, has either;: full -information or ao information -oncerning the
minimum ~~<tat which. the services could be provided. In the no information
case: [scc Niskanen (1971, 1975‘»}, a monopoly pureau is able to nresent all ov
nothmg '»idget -and output demands to. the principal so 25 to obiain a
budget - which: leaves. the. public. with 1o net benefit from its services. At the
other. exirems ‘is :the- traditional public finance model which assumes full
'mfnrmqtiau and. least ‘cost. production. This' paper develops a sequential
budgetar mechamsm ‘based on rational maximization which incorporates
the. empmcally n.lcvant case of parmll mformanom as well as the extremes.
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In practice there seems 1o be « wide vacdation in tse level of excess cost.
For example a2 highly technicil defense program is likely to have more waste
iaan @ local garbage collection agenny, although cven the latter is not
perfeetly efficient [Spann (1977)]. In this paper, the budgetary mechanism
which is shown to be best within a reasonably general class is vsed to specify
conditions which determine the size of the expecied slack. For example, if the
minimum funds required o produce the services of a bareau are known with
certainty by the principal, then che services are produced at minimum cost.
At the other extreme, if uncertainty is great and costly to reduce, cutcomes
approaching those of Niskanen are obiained.

The prevalence of bureaacratic slack in both public organizations and
private firms has been confirmed by the available studies. This ‘s often
manifested in excesiive staff and low productivity.! Mechaaisms which limit
the level of stack, particularly in the private sector, include competition from
other finns, takeover bids, and reward structares which provide ar incentive
for managers to Increase productivity and reduce costs. Even given these
mechanisms, the jiterature shows that continued slack is to e (xpected
except under special circumstances [see, for example, Alchian and Demsetz
(1972)]. Essentially as long as the body responsible for allocation of a budget
has iess than full information coacérning the minimum funds needed for
some task, a2 manager can exploit this to obtain some excess budget.

The budgrtary mechaaism developed in this paper reveals an additional
constiaint orn.  burcaucratic slack which cowid be called sequential
competition oetween managers. The mechanism is based on the zxistence of
equally quilified managers who car. replace the current manager of a bureau
should he resign, but only at a cost to the principal imposed by the need of
any new manager to learn the l:zinology of the job. The principal can
exploit this {(availability of mavagers) by setting a budget below the
mazimun level of funds whick. according to the principal’s' limited
information, may be reqrired for the job of the bureau. If the funds are
insufficicnt, the manager resigns end moves to an alternative job so as to
protect his reputation as a good manager. On the other-hand if the budgst is
sufficient the principal has succeeded in reducing some of the slack within the
bureau. in cither case the prircip:l gains more information concerning the
minicum necessary funds. The budget offers can be chosen optimally by
weighing the expected cost of changsover of burean heads against the direct
gains from budget cutting. Even if the bureau is the sole source ‘of supply for
itu tvpe of service, its monopoly power is limited by the probability (on the
basis of the principal's information} and cost of turnover of the bureau’s

‘For gxample, see the survey articles by Owzechowski (1977) and Spann.(1977). Leibenstein
{1966} Lsts a number of cases wheve the costs of private finns have been reduced 20 to 30
percent by managerial reorganization. See Williamson (1964) for a model of a private firm where
‘e mapsgement operates with an oversized staff.
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managermaent. Although such a wurnover of bureau meanagers may aot often
be observed, this does not invalidaie the model. Budget cuiting which leads
{o- the resignation of bureau heads is predicted not e be opfimal once 2
program is well established (see secdon 8).

Wi this sequential bedgetary mechunism, the pimapad observes only
whetner the budget offer at any stage is sufficient for she job. Ti.ormation s
updated by aarrowing the range of possible minimum b dgets. The
pudgeiary mechanism is related to a well known sequential sear.s socedife
over prices [Rothschild (1974)). Nevertheless, there are differerce  since in
Rothschild’s case actual prices are observed so that the sppropnat. updating
of information (nsing Bayes” rule) differs.

The exploitation of the sequential availabiiity of managers® also has
impiications for the distribution of expected slack within both public and
private bureaucratic organizations. Nince the budgetary mechanism is
fornulated in bilateral terms it also applies with appropriite maodifications
within a bureaucracy. Budget alocation decivons are made at each
hiererchic level within he organization and eaca subbuad, the agent. has
more information concerning the minimum funds required 1o operate his
section than his immuciate supericr, the principal® Although this s not
oursued ‘urther in this paper, one might expect siack 1o be greater tn those
areas of opzration which are harder for an outsider to understand. For
example, the computer scction or research and development may have more
slack than the typing pool, which can be easily monitored and whers 51 is act
difficult for a n2w manager to learn the particular characteristics of the job.

I have made some strong simplifying assumptioss in dsveloping
prototype model of the budgetary mechanism which novertheless seems to
capture the main aspects of the problem. Some of the assumptions allow a
simple trzatment of the main ideas and for this reasor way be of interest in
toemselves. For example, the assumption of 1 deterministic budgstary
mechanism, in which the managers are fully informcd concerning the
principal’s reservatior budget, results in substantial sirwtfication refative to
a randomnized mechaniem in which a mansger faces a disiribution of
reservation budgeis. Moveover the simple mechanism is showr. to be superior
{from the viewpoint of the principal) to the randomized mechauism under
some circomstances.

Secticn 2 sets out the acsumptions which determine the generality of the
class of budgetary mechani:ms to be considered. These assumptions are used

2A number of authors, for ¢xmple, Alcnian and Demsetr 972} and Fama {1979). have
recoghized the importance of vutside markets for wmanagers s s disciplining mechanism to
reduce slack. Fama discusses e onditions under which the outsid- iabor market ensures that
managers work within their cont uct. I am concerned with the effect ~f the outside labor market
on the contract itself and the stack within the contret.

-3%se Albert Breton (1974, ch. 9), Gordon Tullock (1965) and Anu ony Lrowns (1967, cb. XT)
for analysis of the information flow through a bureaucracy.
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to show the-nature of the equilibrium-budget. Saction. 3 deals with.the full
~secision problem of the manager, and section 4 contains'a_brief comparison
of the budgetary mechanism with-some alternative-bidding models. Section.
is concerned with the existence aud propetties of the best budgetary
mechanism: from the viewpoint -of . the principal. Ove -of ‘the main
simplifications of the class- of ‘mechanisms is relaxed so as to provide a
comperivon -with, & broader class of mecham.sms Some conditions :under
‘which the simple budgetary mechaniss: remains superior are derived. The
remaining sections are devoted to results which: follow: from use of the best
budgetary mechanism. In section 6, a simple comparison is made between i 1e
full information and extreme moncpaly. results obtainable. from the optimal
mechanism. Section 7 draws out some. comparative static propositions
regarding the level of expected :etcess ‘cost. and: slack. The importance. of
previcas. budgets as a. source of (information in. current budget - setting is
discussed in section 8, and section 9 contains some concluding remarks.

2. The model , _

Quite commonly it makes sense fo view the services provided by-a bureau,
for example administrative services or perhaps a construction project as a
single unit or job. The principle’s choice of each bureau’s level of output or
jub is assumed to be determired ocutside the model* Also, abstracting from
the well- known problems .of measurement of-sarvices, it is assumed that the
principal observes whether or not.each _)Ob is completed.

4ssmpnou 1A burean is msponsxble for a8’ _]Db J w:th a fixed level of
service which is costlcssly observabﬁc by the- prmpal and has value v to the
pl xnC!pal ' : : . ;

The objwﬁve of the:principal is 1o maxim_im the value from each iob n,ct
of the: expected  budgetary ~ost, given the. priricipal’s: limited information
concerning the best practice cost of the job. Altbough- the . behavior of a
legisiative or executive body does not always ccmfonn 0 ihxs ldeal,’ it ailows

‘Spcnce: {19&3) slwws tha! :I the pmpii ha.s only thc minim, \l mformamn that ns demand
function for a bureau’s services intersects the bureau's best practi;e syerage. CO8t_gurve, then tie
‘principal, Tather than tae buredu, is ini a sa0sition: 10 specify the level of pfovasim of each service.
The principal then kinows: that some prr.uzit: budget and. outpu t combination on its demand
curve is feusible sod that the buceaw management cannot rxuire a budgct and output
combinstion which exiracts the avca under the’ chipahdemand ‘curve, as. in the Niskanen
{1971, 1975).models. The principal-can then upewy zewl oi'wtpu on the bam of ‘per unit
caslmmwsmﬁﬂyprovndedhylhetma e :

*For sxample, members of.the legislative 1 tieir chm or. m—clesnon by
allocating more funds than necessary for Aogmm i their distyics, giveny: thet; the x cost is
wud over ali districts: Also - the “desire by & shtotg io-ubtgin votes M&ucrats ‘may

w-rease the budget allocation [ Tullock: (1974) and, Clw; (I979)} P .
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# congideration of the excess cost arising from bureaucratic monopo'y power
per se.
‘The standard assuniption that all the decision making power of a bureau
ifs embodied in the bureau head or manager is made for ease of analysis. It is
assamed that if 3 manager accepts the job he will completz it, since otherwise
!}ns would be observed (Assumption 1) and he will be marked as a bad
manager. '

Assumption 2. A manager’s indirect ulility if he accepts and completes job J
is represenied by the Von Neumaon—-[Morgenstern utility imdex (b, 8), where
b represents the budget and #€[6,0] is an index, which is not observed by
the principal, of the best practice resource requirements of the job. u(b, 8) has
partial derivatives, u, >0 and u, <0,

A larger value of # is associated with greater resource requirements for the
job. For example, for any given b, a larger 6 might indicate that greater =ffort
is required by the manager in co-ordination and supervision to complete the
job so that the manager’s utility is lower. Similarly for the same 6, u,>0
since additional budget can be speat on extra staff, each of whom has to be
supervised less clesely to produce the same total output. Aiternatively the
management may have preferencs for extra staff for other reasons such as
prestige or promotion which leads to a desire for additionzl budget and slack
within the bureau.

The minimum budget necessary for the jub, {6}, is defined as the
reservation budget at which a fully informed manager is just willing to accept
the job ratber than take his next best alternative at utility u,,

P6): u(m(B), 8) =i, (1)

wiere m is strictly increasing in 6, since m'(0)= —u,/u, >0 by Assumption 2
since m'(6). Atihough m(f) also depends on ug, thic is of nc interest in the
subsequent analysis.

Assitmptian 3. For any particular iob ./, the value of m(f} is assumed te
invariant across potential managers.

‘Assuraption 3 is certainly satisfied if ull potential manag:rs are identical,
but stich a strong assumption i3 not necessary. For ~xample if differences
betwren managers are independently known tec the principal, market pressure
will lead to salary compensatnon 0 that m(v) (with, salery included) is the
same for any manager offered the job. Howevcr, such independent knowledge
of ability is also not realistic and oniy under special circumstances® de

SMaragers covld be ranked in ability according ‘o the Irvei of ouiput J>ey can produce fiera

given inputs including their own effort. A manager ic then ‘better’ than a-other marager @t he
van do the same job at the seme budget but 2t less effort and therefore a higher wtility to
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{unknown) - difflerences in . ability . aet..cause . variations . in- the reservation
budget. The complication of a budgetary tequirement which varies both:
because of unknown. technology.and unkngwe.: managmal aoility may bctter
be considerey I some further research. - .- ;

Altkough the principal does not observe tne xmmmum reqmred bmiget m
and the index 8 for cach job the pnncxpnl can gain some information on the
range and likelihood of possibie minimum bud yets. This initial information. is
less preuse the greater the differcnce between the planned job aad previons
experience. There may be very little information indeed available regarding a
totally new departure of hagh technical compiexits 55 is cormon in defense
or space rescarch agencies. lnfnrmauon may also have been gained, at a cost,
from various control devicés such as mvestlgatron of prevmus jobs [see
Breaton and Wintrobe (1975)]. The pnnczpal s informiation concerning jobt J:
is tne probability, Fim), that: the minimum reqmred budget for 3ob J is less
than the value m. TR

Assumption 4. The ,principal’s imfonnatiqn,consisis- initially of an a priori
probability distribution F(m), which is assumed continucus on the closed
interval [&,5] where b=m{f) and b=m{0). The density of F(m) denoted F'{m),
is assumed continuous and bounded away from zero on M=(b,b].

The ic:ﬁaini:lg asshmptibns are i:bncemed with the ground rules or class-
of the budgetay raenhanism, and the managen information at the various
siages of the procedure. o y L

Assumption 5. For each job J, the principal negotiates sequentially at a cost
r per negotiation with candidates for manager picked (at random} from a set
2; of potential managers. £2; is assumud to be large relative to the number of
managers the principal may possibly require in’the process of sequential
negotiaticn. I a manager picked from 2; does not accept the job, be is not
returned to £2,. Managers are: not returned to 2; to prevent the possibifity
that thay may reject the job at a sufficient budget i in the hope of bemg pxcked
again from £, at a highet bodget offer.

Asswmpiion 6. For sach pegotietion the principal dctermmes 2. maximum
budget {seservation ‘budget) to be allocated to' the’ 'ob The reservahon
budge: is changed only if a new mdxdate for manager is ’1_ch6 from Q,.
The process stops when & anager agrees to complete the. job at or belowf
the puncspal s rcservauon budgct for tba: negotmnon o :

himsdf If ah‘hxy is not spzuﬁc m ttxe job iis pomb!e hat thc oetter manager may also enjoy
just sufficint extra atility. from his.oexs bist alternative job s0:as 10 leave his reservation budget
at the same. leyed a5 Iess able mmx Nmum thc manaeets eﬂbn nor. hxg umhty fevel would
be obsirvable by the principal. . ; . o i .
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A further feature is that a manager picked by the princ.pal knows the
principal's: reservation budget and learns m{0) before he makes tne final
decision whether to accept the job.” Therefore a potential manusger tmust first
decide whether 1o study the job in order to have the opportanity to finaly
accept or refect the job. This first stage of the decision process is net
necessary for the determination of the egmtibrium budget and is set out in
section 4,

ar

Assumption 7. A candidate for manager knows m(f) and the principals
reservation bodget for that negotiation at the time of the bedget decision.

Rescurce aliocation with asymmetric information furns on the abilily of
the informed agent (the candidate for bureau hzad) to conceal the true
minimum * budget for his own benefit. A candidate for bureau head can
credibly choose the outcome associated with any value of m in the principal’s
current information set. In particular the ith candidate can claim m{@)=b,
where b, is the principal’s reservation budget at that stage. This is closely
related to the self-selection constraict in the principal and agent literature
[soe, for example, Harris and Towasend (1981, p. 38}1. Also any equilibrium
budget (at which the job is done) must be feasible.

Feasibility. b is a feasible budget if w(b.0)Z u, or alternatively if m{#<b.

Proposition 1. Given Assumptions 1 to 7, if an equilibrium budget exists it is
the first feasible reservation budget in the principal's sequence of reservation
budgets described in Assumption €.

Proof. ‘Let b, be the principal's reservation budg: ¢ to1 the ith negotiation. if
h; is not feasible, then by definition u(b,6<u, and the fully informed
manager (Assumption 7) rejects the job. Since by ssumption 6 tle principal
Joes rot offer a higher b; to the same manager, the manager takes his
alternative job at utility uy and the job is not accepied at that aegotation I
b, is feasible, the fully informed manager (Assumption 7 ss in a position to
insist m(f)==b, and will accept the job at the principal’s reservation budget.
This-follows since by Assumption 2, a manager aiways prefers b; to a lower
hudget and by Assamption 6, the manager dees not receive a bigher offer if
he-tejects the job. Therefore the first feasible resecvation budget will be
accepted and-(hy Assumpticn 6) the process then stops. Q.E.D.

;’H:a,xrii snd Raviv (1979) prove a number of propositions concerning otimal incentive
conteacts,, The model described here differs from rheirs sivce they assume the coetract is
negotiated before 6 is known.
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Proposition 1 shows that the analysis is greatly simplified. by the
Assumptions 6 and 7 that the principel’s reservation budget is fixed for cach
negotiation and krown 10 the manager at the time of the budget decision.
Nevertheless; Assumption' 6 may: seem: io be irrational since the principal
could save the cost r of bringing in a new candidate io learn the job by re-
opening. negotiations after a manager has rejected a reservation budget as
infeasible. However, if this were normal procedure, potential managers would:
soon believe that by rejecting the initial ‘reservation’ budget, they would
teczive a higher hudget offer with probability one. In a sense the higher
bodget offer becomes the reservation budget known to the manager by
Assumption 7. By Proposition 1 the -nitial ‘ressrvation budget” would always
be rejectcd whether or 1ot it was feasible i favor of the true hlgh
reservation budget. Assumption 6 is therefore really a consequence of
Assumption 7. Thus the mechan'sm of budget offers that is best in an ex ants
scase does not allow the barpainers to take advantage of this ex post
opportunity for a Pareto improvement which alters the budgetary procedurc
and apsets the incentives after the dec1 sons under the original procedure
have beer: made.® » ; _

Also it is interesting ihat Propositi«.m, 1 implies that the preliminary
process of negotiation is immaterial. However long and involved the
bargaining process may appear to be, in ‘he final analysis it resolves into the
question of whether the candidate for agency head wnll ancept the principal’s
reservation budget.

This of course does not rule out the possibility that the principal may gain
from a mechanism in which both Assumptions 6 and 7 are relaxed to allow
the principal’s reservation budget to be raisad with less than probability ‘one
after the manager has rejected the budget. This would no longer be strictly a
case of asymmetric information since neither side is fully informed with
respect to the other’s reservation budget. Some conditions under which such
a mecanism is inferior are proved in section 5 after the denvatlon of some
of the properties of the best sequence of fixed reservation budgets,

lmdecmpmbleme themanager

The premise that th:  manager - of thv bmvau has full mformatlon
concerning the myaimuin  budgetary: requirements :yet : the - principal- has
limited information is nof realistic unless obtaining this information is costly.
The cost and the large nureber of jobs for which:the principal is responsible

*See for example Myerson (1979) and Harris and Townsend (1981) for exact definitions and
some general theorems: mﬂmg the opﬁmalxty of ‘mechanisms undes’ Asymmetric information,
An optimal mechanisim s defined vsing the restrictions imposed by asymmetnc mformauon vmd
therefore need not satisfy the vx post conditions for Pareto efficiency.”
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15 assumed to preclude the principal from folly learning each job and
necessitates delegation 1o the bureau manager.

Assumption 8. There is 4 strictly positive cost Tor any manager picked from
€2, to learn myf). The principals portion of this cost, which is paid as
compsusation 1o the manager, is included in r>0. The manager ncurs a net
toss of utility 4 jwhich may be zero) after compensation in order to learn
ml8).

For simpheiy a prospective manager is assumed 1o have the same
pformation as the principal at the time he is picked from €, From
Proposition 1, the principal and the ith pick for manager know meih, . 5]
denoted M, , where b._, is the maximum of the i--1 reservation budgets
that have proviously been rejected. F(m) is truncated from below at b, and
the distribuiion of m is updated by defining »i conditional on me M, . Ifi=1,
My =M, the initial information.

Assumption 9. The ith pick for manager from @, is assumed to know the
principal's reservation budget for the ith negotiation and the distribution of
rris Fim|me M,_,).

If the fact that it takes time to learn m(f) is conveniently ignored on the
basis that the study period is shor in relation to the time horizon of the job,
from Assumptions 7, § and 9 the ith pick for manager knows that if he
decides to study the job he can choose the max {u, - 4, u(b; #)— ] where b, is
the principal’s reservation budget at the ith stage. Thercfore the manager will
study the job if his expected utility from the trial period exceeds his
alternative utility or if

E{max [uq ~ 4, u(b;, 6)— 41} > uo. (2}
The expectation -is taken with respect to the manager’s knowledge of the
distribuiion of m before he studies the job (Assumption 9).

The ith candidate will be willing to stady the job il the compensation
during the trial period is sufficient to offset any negative factors so that A=0,
provided b, exceeds the previously rejected reservation budgets. The manager
can then never do worse than his alternative. Even if 4> 0, it 15 in the interest
of both partics to ensure institutional arrangements such that the trial period
is attractive or otherwise the job will certainly not be done. In a competitive
market for managers. the -paymen: to each man. er during the learning
period, and :hence A, will be adjusted until each manager is indifferent
between accepting the principal’s offer to study the job and his alternative.
The determination of the -distribution of the learning cost betweer the
principal and the manager is outside the scope of this paper.
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The use of govemmm opexated‘nsmcms‘xs"of colirse’ not’“the oniy way to :

unknown and»cosﬂx . §i=a\m ¥ , s ;
necessaiily better than the mechanism of thxs paper i the ‘uninformed bldde:
hmmhuimmowﬁmaiasw&m%mmk e e cxpecel wosk
of the job calculated on the. basis of the partial information. available tc all
parties plus thc_ cast of_ lrammg the job. and o preminm for risk. Under the
mechammofthspcpat the first budget: offer is determined by the lowest
estimate of the minimum budget and. t which includes that part of the
cost of leammg the job -borae by the -Iv. does not include a
premium for tkmmnhmdsnskmhssty informed at the time of
the budget decision. Therefore this budget d_others. carly in the
saquence can be considerably less than the competi ve bid and may in fact
be less thar the expectation of the best practwe cost calcuiated from the
pmmpa}'s mmal mfoxmanom e

Of course the premium for risk in a bxddmg modei may be reduoed by a
contract which aliows costs plus a normal profit, but the firm then has less
incentive to reduce costs, leading to cost overruns. Another alternative is Yor
all interested rms. 0. undertake: the costly. investigation, before they make
their bid: This requirement tha: all firms make simultancous investments is a
disadvantage relative to sequential: procedures. in which: the. extent of search
1schmnopamaﬂymdlnw§mmadds@gmlmchmmadcmiyrf

necessary. lnthewqmnﬁaimod:lafthm.p&pex each ‘learning cost .is
incurred only if the previous budget offer is insufficient: Furthermore, if only
a few firms undertake the investigation reduemg the total learning cost, then
there is no guarantee that the hid price is competitive.- There are other
probll.ms thh the b:ddmg soh:mms, such as the speclﬁamonvof long term

(ots (B33, given. itial infommasion
{bi‘rMyf). M« M M‘ym - Y

aptimally, -
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-Proposition. 2, that any optimal sequence (if it exists) is strictly increasing,
enables o{b;}; M, r) to be expressed in terms of the distribution F{m).

Proposizion 2. . If {b¥} maximizes o({b;};M,r), then bF.,>bF for all
ie€{0,1,2,..,n} where by=b.

Proof. This follows immediately from the faci that if b, <b, then from
Rranpnsition, 1, there. is. 7ann, grnhahility, that b, % 1sosptad wah i sasses ths
principal * to make the offer,. Q.E.D.

Since the budget sequence is strictly increasing, the a priori probability the
job is accepted aver the entire sequence of n offers is Prim<b,Ime M} =
F(b,). The itk offer, b;, is made (at an offer cost r) if the previous i—1 offers
are rejected. The previous i—1 offers are rejecied with Pr{meM,_, ImeM}=
L~ F(b;.;) where M,_,==(b,_;,b] The offer, b;, is accepted given that the
previous offers are rejected with Pr{m<b,\meM, ,}={F(b)-F(b;_,)}/
{¥—F(b;-,)}. Therefore the a priori probability the offer b, is made and
accepted is Prib,_, <mg b;{me M} =F(b)— F(b,_,). Hence the total expected
cost is the sum of each offer, b;, weighted by F{b)— F(b, ;) plus the offer cost
r weighted by 1—F(b;_,). The expected net value of the job is

o{b: M, =vF(b)— z bLFb)~Fbi_ )+ L1—Fb,_ 1. 13

All the best sequences of budget offers (if any exist) aiso have the useful
property that the opivimal number of offers in any such sequence is less than
some number, n(M,r, F) determined by the pararicters M and r and the
distribution .F. Therefore in determining an opumal budget policy only
s*quences, c~f len;;th bounded by n(M,r. F) need be considered. The proof of
this Proposition 3 is established in appendix A. If {b;} ¢ B, where B is the set
of all infinite budget sequences, then it is convenient to write the principal’s
expected net return from {b;} as v ({b} M,r).

Proposztlon 3 Cans:der sequences of budget offers which ierminate with
probability one on or before the nth trigl. Let this set be denoted by B,. Then
for any budget sequence {b;} € B there exists (M, r, F) such that

o {ngax v({b;} M, r)>vw({b;} M,)

where\n 9~nfM ¥ F)

- The pnﬁmpal therefore chooscs {b, with-a number of offers nsn(M,r, F)
to mamimme v({b;},M r). Since F is continuous on.[b,b], u{b}. M. is 2lso
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continuous -on b, 5} and Proposilien ‘ that an optmm budget sequence
exists, follows almost :mmediate}v :

Propesition 4. An opﬂmal bulget aqm exists and’ all’ ‘opiimal: vequences
belong to B,, where nS»(w r.F). The optunal sequence may not be unique.

Proof. Since of{bl, M,r}is a- oommnous function of & finite . number of
variables {b,i=1,2:. 0} a&ned ‘over/‘d-compast set :[h A, ‘an optimil
budget sequence exists by the Weicrstrass theoreni' for any given number of
offers n. Since from Proposition 3; the number of offers in an optimal
sequence - is: bonnded by n(M,r;F), the maximom: ‘expected ne: valve of the
job'oxists "and- i the - greatest: of these: 'maximum - expected - net returns
conditional: on n<n(M,r, F}. Since v is not:necessarily concave in {5} for-all
distributions F, the best seqmce oftmdgrt oﬂ'ors ensts bn* ma} not be
unique. QE.D :

In any Gptnnai budget pohcy oﬂers priot to the nml oﬂ'cr b sat‘xsfy the
ﬁrstordereondmonsforanmmma!mmmmn ofv Thcscarc ‘

F(b.) Fib,_ x)-’=(bs+r~b +")F’(ba)» 2, ,n*—l-’ - 4
For example, if F is unifor_m on [b,b); thcse reduce to.
Ba=bi=bi=bio-n =12 B e

S0 that the d:ﬂcrmcc between the optmml o?l'ers reduce: by a constant ¥ each
time.’

I the ﬁmal oﬁcr b, is lws than 3 the‘ g ‘hv*re is some: probabxhty, 1 F(b;),
that the pnncxpﬂ cancds the job because’it ‘has ‘becorae too expensive. It is
inicresting to-see the oondmnns unde whxch th does not occur and the jéb.
is completed with oertamty ' B o

Proposmon 5 If v‘>5+r, then under any beft sequence af budget , ,,vrs,

t‘ney are empected to radm
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offer b is negative so that in any optimai sequence budget offers will ceasc at
% budget; b,; less than 5. The {inal offer b, <b satisfies the condition thai the
expectéd néet gain from b, is positive or zero, and the expected net gain from
b, 4, s negative. The probability that the job is not accepted is the
twobability that the final offer is rejected, Prim>b,|me M}, which is strictly
positive. - QED..

It is interesting to reiax Assumptions 6 and 7 and comsider a morc
complicated class of budgetary mechamsm in which renegotiation occurs
with some positive probability whenever the candidate for manager rejects
the job. Under Assutaption 10, the budgetary mechanism is randomized since
for any negotigtion the principal has a distribution of reservation budgets.

Assumption: 10, For the ith negotiation the principal determines an mitial
maxitnum budget bf to be allocated to the job. If bf is rejected by the
candidate for bureau head, and if i<n, the principal reopens negotiations
wnth probablhty m; where 0<7ti<1 and raxses the budget offer to b,,kl whi( h
a new manager with probability \1 - l) at an mmal maximum budwn offer
of b¥ ;. The process stops when a manager agrees to compleie the job at ¢
tudget the principal is willing to. pay. At the time of the budget decision, the
ith prospective manager is assumed. to know m(f", n; and b;,, for all j=1,
ik1,..5n

There. is no loss of generality in assuming that the new candidate is given
the. same. offer_as the existing candidatc would receive with renegotiation.
The principal has the same information concerning the minimum acceptable
tudget in either case. and the cost r of bringing ir a new candidate acts as a
fixzd cost with respect to the choice of further budget «ffers.

. Unfortunately a powerfui theorem which restricts optimal mechanisms to 2
simple type of direct mechanism [Harris ~nd Townsend (1981, p. 47)] does
not .apply 1o, sequential mechanisms. with learning. Tt is therefore possible
that a rendomized. budgetary mechanism of the type detined by Assumption
10 is op:mal. Proposition 6 shows some special circumstaaces under which
this is not the case. Sec appendix A for the proof,

Proposivion 6. Caoi'der any sequence of rencgotiable offers {6¥}" where n> 1,
which sctisfied Assumptions I-5 and 10 and is not infr-ior in the sense that the
principal- expected net return 5,({b}}; M, 1) strictly exceeds the expected net
rn if one-offer is omitted srom the sequence. If the managers in 2, ere risk

{115, =0) . 116 if Uy 20 then there exists a sequence, {b},, of non-
negombk offers ‘vhtch sat:;ﬁes Assumptwns 1-7 and for which o{b};
‘M r)>z.,({b§';,M ?‘) o

o
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m@mmn W shmgs that uwwa mk neutml the pnnc:pal shmﬂd

mmmy mmmg ﬁe d pc‘mpﬂ’s marvmoa ﬂbm:i’get. ‘Wxtb the

possibilivy:‘of m,m«cnmpummmﬂamammrwﬂl
reject a feasible mervanoa budget in the hope of receiving’a hizher budget
offer. The pmmpal‘s expectcd loss from this behavior exceeds the expected
saving ‘in"the: offer.cost from’ rencgotiation: If managers are risk averse the
probability: that-a manager will teject & &aakiespbibdget is dower but strictly
poauve g0 that ﬁm W budgemy ‘mechanism - 1nay ‘continue:: to’ be

‘ ‘ istribution - ¥ and vahue of r. In: any case the
compamnve m mults oﬁhe mmderaofm paper are not lixely to be
affected by the use of this more complicated mechar ism and it seemns best to
show thes: meum in the;sxmplm manner usmg the mcchamsm ‘described by

one hiand and a ai:onopoly ‘lmmﬁu on’ the other.
The public finance solution where the job is donc nt minimura feasxble cost

necurs only if - the mini
v:ashszeroso that‘

um vbudget, m(ﬂ), 1s know:x mmaliy or if the oﬁ'er

expected slack is zero ;’on_ig the pr
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"~ Extréme monopoly in this context means that the job must b¢ done by the
bureau and its initially chosen head or not at ali. The cost r of bringing in &
new pranager is prohibitivesc that it is optimal to have only one offer. From
Proposition 5, i v>b+r, then the best single offer is 5. The bureau cxtracts
the maximum - budget. that might be required given the principals
information. The ecxpected slack is then at its maximum s(M,r)=
§2 [5,—m] dF(m). The expected slack at the single offer b increases with 6—b,
the range of initial information M. This range is likely to be large if similar
jobs have been done under similarly adverse circymstances so that the
principal must rely mostly on limited technical information concerning the
job,

‘The Niskanen (1975).mode} assumes that the principal has ‘no information’
concerning the cost:of the job and that the monopoly bureau can extrict a
budget equal to the entire value of the job to the principal. This holds for the
model of this paper (nly in the special case where the minimum cost budget
sequence is the single offer b and v=56+r. If v>b+r, then from Proposi-
tion 5, the final offer is b and the principal’s expected net return from
the optimum sequence of offers is at least v—(b+r) which is strictly
sositive, If v<b+»r, the expected net gain from the final offer &,
{v—b)Pr{msb,|meM, .} -, is non-negative. The probability that the offer
I, is accepted is strictly less than one ensuring that v is strictly greater thin
by+r. The expected surplus if the job is accepted is at least v—(b,+7), which
is strictly positive. This holds for all positive integer values of n, including a
value. of one. Even in the extreme case where there is only one budset offer
in.the .optimal sequence, the bureau is in general unable to extract the entire
vahr,te’ of the job‘ to the principal.

e Excess cost and slack. Some comparative statics

For snnphclty 1t is: assumed throughout this section that v2b+r, .o that
the job is acoepted: with- certainty. In this case, uny budget sequence which
maximizes.the expccted net return also minimizes the expected cost of the
job

'I‘hc mmimum cxpected cost:of: the Job undvr Assumptions 1-9 and v2
b+ris.denoted w(M,7) aud is the sum® of three components ~— the expected
slac'k M, ¥) [sec (5)3; the cxpected searci cost, rq(M r), and the expecied

’From expmoé (3l :,_T L ‘
w(M;i)x) {bt[F(bt) F(b‘_g‘}'f"[l F(bi 1)]}

==2: ]'Lbi m]dF(m)+jmdF('n)+ r[l F(b,- 1)

b -’s(u r)+E(m)+rq(M ",
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budget cost with efficient operation,- E(m)-— {gmdF(m).» “The expected. scarch
cost is the offer cost 1au’tiplied by the expacted number of offers, (M, r), in
the optimal sequence. Since the ith offer 1. made with the probability that
b,y is rejected, @M. r)=) . [} —F{5. Y], where {b}{., is the best
sequence of budget: offers. - The expectud excess: ‘cost- of the.job over the
expected cost with cfﬁmcm opemt:on is ‘(ﬁ 1)+ rg(M, r}

Proposx.mn 7 contmns the cumparmve stauc efteets of a changv, in the
ncgetiation cost r. The proofs. of this proposition and all the remaining
propesitions of this paper are in appendix B..

Proposition 7. - Let e be the number of offers in the optimai sequence with dffer
cost T saiisfying Assumptions: -9, ,Ifn>l r>rand vzbh+r then

i) qM.nN>qM, r"
(i) - S(M,r)<s(M, 1), and
(i) M, 1)+ rg(M, ) <M, F)+r (M, 7).

The simple results when n=1 were discussed in section 6. If n>1, an
increase in 7 makes. it optimal for the principal ‘o increase the resérvation
budget at each stage of the sequential search procedure. This reduces the
probrbility that any offer is rejected with the consequence that the expected
rumber of offers before the job is 2:cepted is reduced [see Proposition 7(i)}
and ibe expected slack is increased [see Proposition 7(i))]. As discussed in
section- 6, the expected slack - is zero if ‘thére is no . cost of cbtaining
information (r=0} and at its maximum when theru-is at most one offer in- the
optimal sequence. Propositior. 7{ii} shows that this result is sufficiently robust
to hold for small variations in r. Although a(M, r decreases with r, this is
more than offset by the rise 'n s(M,r) and r itseii. .=, that the expected excess
cost, (M, 7)+-rg{M,7) is also increasing in r-{ser. Proposition 7(iii)]..

Information is less precise if - the :zme distribution - Fim) is defined
conditional .on a broader range M while mair:aining the same mean E().1°
lLemma 1 ensures that the expected excess cost and its components s(M,r)
angd rgfM,r) are unafiected by a transformation m' =m<-a of ‘F(m), which
changes. the mean to-F{m')=E(m)+ o Therefare there is 1o loss of generality
in settire x= —b 50 a3 to measure the range cf initial information from &' =0.
Less precise information can then be charactorized by a simple transfor-
mution m'=ym, where y> I, which stretches the don.ain of F from meM=
{0.5) to me M’=(0,y5]. Although E(m')# E(m’, this oes: not affect the com-
proents of interest (b Lemma I)

**The transformation m* ~}(m E{m))+qm), wiiere y:- mpre&*ms lms prcﬂlse information
i 3 facror v, Lim®V==E{m} and var{m*}=4* var{m). . .
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Lemma 1. If v2b+r and m' =m+u, where me M and ' e W', then s(M', r)=
oM, r) and glM',r)=g{M, ).

Lemma 2 is a homogeneity property of the -_mponems of cost which is
¢ritical for the proof of the comparative static effects of changes 1+~ the range
of the principal’s initial information M. If the imival information is less
precise by a factor « and if the offer cost is increased by the .ame factor, then
the expected number of offers is unaffected and the expected slack and
expected excess cost increase by a factor 3.

Lemma 2. If vzyh+ye, o =ymond v’ =yr, where b=0, me M and ni’ = M, then
M, yr) =y M, 1), M,y )=q(M,r} and S(M' vj+vrglM yr)=9ls(M,r)+
rg(M, )] Also w{M',yr)=yw(M,r).

Proposition 8. If vzyb4r, m' =ym where me M, m e M, b=0 and y> 1 then

(3 q(M',r)>q(M, ), provided g(M',r)> 1, and
(i s(M',ry+rg(M', 1) > s(M, )+ rgiM, r).

Proposition 8(i) implies that the expectes number of offers and therefore
the expected scarch cost increases as the principal’s information becomes less
precise.!! In general not much can be said concerning the Cirection of
change of expecied slack. From the first order conditions {4}, the diffecence
tatween offers may change in an irreguiar way either increasing or
decreasing depending upon both F and F' as the distribution is stvctched
over ‘a wider range. Nevertheless the expected excess coust is increased
[Proposition  8(ii)] so that the additional search ccst must more than
outweigh any reduction in expecied slack. The a priori expected slack s(M,r)
should not be confused with the expected slack after an offer is accepted.
information is then updated so that F is conditional on me(b, . |, b, ]

8. The informationgl vaiue of previous budgets

So far I have resmcted the discussion to a one time job which has not
been done prevnously Many govcrnm»nt jobs do in fact repeat, especially
tnose which are mainly administrative in nature. Bureaus responsidle for
admlmstenng a weliare program or maintzining working safety standards are
zxamples of this. For simplicity I ‘shall anatyse the case of a job which has
Leen done under a former administratin or govern: “srt but for which the

'"This is similar to the Rothschild (1974} result that under a srquentiai search procedure with
% coyloper observation, increased. pme dispersion increases the intensity of seaich, The problem
here is not quite the same, since Rotischiid defines increased price dispersion by adding
wmght fo: the: tiu!s of thc dlsm*’xunon but maintaining the Jdomain over which the
distrite-tien-is defined. Y

JEBO—D
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budget is determined only once during the current administration. The
wimgcipal is interssted only in minimizing the current expected cost of the job
with no desire to take into account the fact that the job may be repcated in
fature during a new administration. In these circumstances, the principal’s
maximization probiem is unchanged from section 5 except that there may b2
po cost of making the initial budget olfer 10 the fully informed :xisting
manager. The absence of this: fixed cost does not affect the optimal budget
saquence. The budget, b,, at which the job has been completed previously
provides information that the job can be done for that budget or less. The
upper lirnit on the funds which may be required for the job, b, is hercfore
equal te by, This is one of the most important processes which determine: the
initial information hcld by the principal on the range of possibic minimum
budgets for each job.

As a polar case, it is possible that the information from former budgets
dees no more than confirm the originally knov'n upper limit for costs based
on technical condittons. This <ould occur if, from the inception of the job,
the possible saving from setting a budget below the originally known upper
limit is not sufficient to offset the risk and cost of rejection of a budget offer
thai is too low. Each year it would then be optimal to offer the budget based
on the worst known technical conditions. This offer would be accepted with
certainty. The expected budgetary slack would rot be reduced over time with
the repetition of t'ie job,”

Alrernatively if at any time a budget offer is made which would not cover
costs under the worst known technical circumstances then the principal gains
information on the true minimum cost whether or not the offer is accepted.
1f the offer is reiected as explained previously, this increases the known lower
fimit of cost and truncates the distsibution F(m) from below. Similarly, if the
budget offer is accepted, the distribution F(m) is truncated from above,
reduring the expected cost of a futare repetition of the job. Oncz the offer is
accepted, any new information o:: the range of minimum budgets can be
used by the next administration t: determine the best offer or offirs for the
nenl oudgetary neriod. If the burcau head accepted-a budget th: previous
period, which issered the known maximum cost of the job, it may be
optimal for the principal to make an even lower budget offer this period. The
condition under which this is the case are stated in Proposition 9. (Sse
appendix B for the proof) One reason why administrative heads everywhere
rush to spend their full budget before the new budgetary process begins is
that any sign that the funds are not needed is an invitation to the pnrf'npal
to cut the next periud’s allocation.”

Proposition 9. Suprose an oplimum sequence qf budget oﬁ’ers is jollowed for a
one time job bused in me M=(b,b] and b,<b is accepted, which indicates
me M =(b,_,bJ. I tiz job is repeated by the next administration, an offer b
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where by, <b< by is optimal provided
rPr{m>b|me M’} <ib--B)Prim<hbime M.
Otherwise it is optimel to 1epeat the same offer b,

Nevertheless as the known range of minimum costs narrows, the possible
gain from attempting to redoce the budget of a repeating job diminishes The
difference between the oudget, by, accepted the previcus period and any
budget b less than b, becomes closer to zero. At some stage (depending on
the offer cost r) the optimum sirategy lor a repeating job is simply the offer
of the budget of the previous vear (adjusted for inflation). The expected slack
then remains constant for futmre repetitions of the job.

9. Conclusion

Since programs, such &s road construction and police protection, occur in
many jurisdictions and have usually been done before in the same
jurisdiction, the relevant priucipal has a rather more precise estimate of costs
for these progrems than for a new project such as a large irrigation scheme.
Although the latter type of project may have been done elsewhere, a
particular cest problem, such as prevention of envirominental damage, may
be unique to he location. Since less precise information is generally available
concerning the minimum necessary cost, the mode! predicts a higher expected
excess cost in such a new program [Proposition 8(ii}]. Also if the offer cost is
constant over projects, the expected number of offers is greater for the large
irrigation schieme than for rontine road construction {Prcposition 8(1)].

On the otiier hand the offer cost may be greater in the new scheme, which
br itself tends to increase the expecied excess cost [Proposition 7{ii)] and
the expecied slack [Proposition 7(ii)|. The specialized knowledge required by
a non-routine project may mean that replacing the manager is likely to
impose high costs in terms of less prodaictivity during the new manager’s
training period. Those projects which combine very imprecise information on
budgetary requirements with high cost of replacement of the management are
those that the model predicts are associated with the greatest expected slack
Such & combination is most likely to be found in the management of «
program invoiving sophisticated technology within an area such as defense
or spacs research.

In the initia! years of a new program, the model predicts that the budget
will often fall.in real terms. Only if a budget offer is rejected will future offers
rise, but not above a previously accepted budget. The existing empirical
studies. snch as Gist (1977) do not directly test this, since budget cuts are not
corrected for reductions in the level of service, which often occur at the same
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time. Nevertheless the fact that d:sptopomnm mmmcnts in uncontroflable
expeadmu'e in the US Foderal Budgei have been parily offset by budget»
reductions in the controllable items - {Gist (1977 provides some: support for
the idea that there is at least some effert tc cut bureaucratic slack. The
controllabie portion of the base;: lc“mﬁy .declined by over 16 billion, from
1140 billion in 1948 -to 3.7 billion in -i974. b‘ncon‘rmmoic expendxture
umsat‘cwtsm the. excoutive: and :legislative body cannot change
withowt: statutory. revision and is:mostly: compesed of. mnsfer paymcn;s
“which:are exclisded from the analysis of this pages o

. The maia inpact of Gist’s (1974, 1977) work is to show the weakness c:f
tie empirical - support. for. the iacrementalist: theory of budgeting: provided. in
the well known. paper by Davis; Pempster and Wildavsky. (1966).12 Although
the simple incremental decision rules; are not ss&ppomd by the evidence, this
does not cortradict the importance Of last year's budget as a source of
information and basc from which to determine this year’s budget A major
implication of this paper is that. setting the current budget on' “the" basis of
last ycars bndm ns 2 n&mml OGGSS;‘m 2. situation_ charactcnzed by

6 costs ofall ptosrams, md there rs
example, Smon (1978} acd Wmm

é‘}ﬂ !ﬁ&amﬂmmm;m,mrs eonpmon
GrEAN budgel’s request burean of the buém
-iwwmﬁm(mgﬁnﬂm and Wildswky
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Appendix A

Proposition 3. Consider sequences of budget offers which terminaie wich
probability on: on or before the nth crial. Let this ser be denoted B,. [he set of
all infinite budget sequences is denoted B. Then for any budger sequence
{l),}eB there 'x:sts (M, r, F) such that

njlax ({b ) M) > v ({b); M, 1),
b,

where n=n(M, r, F).
Proof. The proof of this propotition is separated in two lemmas.

Lemma 1.- There exists {bj} € B,., such that vt{b;}; M, 1) > v, {({b:}; M. r) for any
budget seguence {b;} e B .and for so.ne n' depending on {L.}.

Proof. Suppose there exists {b;} € B, such that v ({h;}; M. 2 u({b}}; M,7) for
al {bj} e B, and ail ».

Since b;<b and b,,,>b, for all i (Proposition 1), there exists b
that lim,_, , b, =b,.

Since in addition F is continucus on [b,b}, for any £>6, §:>1), there exists
an N such that for all n= N,

< }) 3uch

=

b, ~b,| <8 and |F(b)—F(t,)|<e. (A1)

Consider the nat advartage of {b;} € B after N offers rclative to {b{} € By,
vhere by =b; for ie{l,2,.. ,N} and by, ,=b,.

'The prohabxhty that any of the offeérs {by. . byyz....} of {b;} are accepted
is strictly less than F{b)—F(by), which is the probability by.,=b, is
accepted in the sequence {b}. Hencé ignoring the cost of making «. ch ofﬁ=r
the expected relative gain from {b;}eB over Lb ;s € By, is stiictly less thap
{by— by YIF(h)— F(ba)].

Since more than one offer is made in the sequence {by,,hy+2...} With
probability greater than 1-F{by,,), the expected additional offer cost of
b} e B oveér {b,}eBN+ 1 exceesls r{1—F(by )]

Hencs, since by assumption { {b;} € B is superioc to {b}e By, ,,

{bu=by s JLF(@)—Fby)]—1[1 —Fby . )1>0. (A2)
Since 1—F(bJ20, (A1) and (A.2) imply |

0 ALE(b )~ Flby o Y5~ by 1] <F(b,)—~ Flby) <. 1A3)
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Also S . '
S *fF(bJ” ﬂbnm)]‘f[h"bm 1]*"1"' (&.}grpsg,

. H"'nce
When‘thedensitvofl"ou M s boun y fi 5 by p" i
Heace for e<rp, {F b)—-Flbys+ JVb—bys 56, which i isa contyadl\,u(m

of (A.3). There rxisis {bj} € By, 4, such that !’m ,(1b{} M 1)> vm({b‘} M;r)for
some N and any {b}eR. QE..D S

Lcmme 2. Suppose {b;} wdk n e!ements isa best sequence.in B, with meM.
and offer cost r, Then there exists (M, 1, F) such that n'<n(M r.F).

Proyf. Since {57} is opumnl in B th¢ sequence defined by ‘sliminiating ‘b,
from {bj}, where j=1,2,..,# has a lower expected net return to the
principal. ‘*}hcexpectediossfo:hshcr lbudgets: is: greater: than' the expeited
gain from a reduction:iu the search- costansmg from the climination-of :bj.
Ie, ;

(b,“-—b:)l”r{b; ,\mxb}{me M}?rPr{m>b’}meM}

=1 "<A4)

'By assumptmn the ucns:ty of F oondmonal on M, ls conunuous and«
bounded away from zero by p>© for all me M. Let thc upper ‘bouand for the
density of F conditional or M be p Note that P(Ii) -1, F(b)nO and that p
and p depend- on F. ; v

Then for any {b1eB, wita meM

ﬁ{b: br J

%F{b,)—p{bi 1)'_, a M: S L <

Thcmfor-

P'(F—§)>P Z (bz
| Take e
nw,r.F)---[(E—wﬁ/égjééfz;'
then ’

n,<ﬂ(M,f, F’, ‘ ,'
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Freposition 6. Consider-any sequence of renegotiable offers {b}}\ vhere n> 1,
which satisfies Assumptions 1-5 gnd 10 and is-not inferior in the sense that ihe
principal's expected net requrn z,{{b*}; M,r) strictly exceeds the expected net
return if one- offer is omitted from the sequence. If the managers in Q, are risk
“neutral (uy,=0) and if u,=0, then there exists a sequence {b;}} of non-
negoiiable offers which satisfics Assumptions 1-7 and for wh:ch w{b};
M. Py>z,({bF M, 7).

Probf. For any n;€(0,1) and i <r, let 8,6(8, ) (if it exists) satisfy
T CRARE I AR (R AN (A5)

s that a prospective agency head, knowing m(f), is indifferent between bF
with certainty and the uncertain prospect of u*(6) if the principal
renegotiates and uo otherwise. u*0)=u(b¥, (,0), since the manager then has
the. optlon of choosing bf,, with certainty. Assuming that ug, 20, so that a°
decrease in 6 does not increass u more at high budgets than at low budgets,
then for all 0<6, (if. 6, exists), u(bf,8)>mnu*(6)+(1—n)uy. Therefore given
that the manager takes ‘the sure prospect when he is indifferent, the manager
aciepts by for all m(B)Sb” where b;=m(0), and rejects b} otherwise.

The fact that, for any non-itderior sequence {b}}7,0; and b, =m(0)) exist for
all . i<n and that b,_,<b, for all ign, where b,=b} is proved by
vontrad:ctmn Suppose b= m(lﬂ does not exist or that {b}] exists but

hy<b;_y for some j<n. 1n either case whenever b¥., is rejected, b} is made
, ted with probabxhtv one. If b} were eliminated from the seq-tence,
the ‘principal would gain by the expected cost n(1 — n) of bringing in a new
candidate when b* is rejected. This implies {b}] is infeior, which is a
contradiction. Therefore there is a strictly positive probability that b¥ is
wade and accepted (w that me(b;_,,b;]) for all i<n. Also u*(8)=u(b}, ,,0),
nmoc i) = = b, <b,, 1y 80 that bf,, would be accepted (if offered) when =0,

“rom: (A 5), thls 1mphes 9 satlsﬁes

(u(b 6)— uo)/(w\b.ﬂ, 65) — o). (A-6)

‘T‘o'ﬁnyd" thé"ifdnditldn under which {b¥}7 is not inferior to {b¥}}, consider
ihe expected net retura z, . 1({b LM, from {b}}} relative to z,({bF}; M,r)
from {b¥}}. Simce by s made ‘with prabability F(b,) in the sequence {h}}}
and ‘with probability F(by)—F(by) in the s«*quence {b*}} and addmg in the
e.xpected» aet. mgtum fmm the offer bt, :

f -j,*},M,r) (v—*b;)p(bz)ﬂy__b XF(bz) F(bl))
(bx\ (l F(’»l))(l._nl)rl
s M)+ (b% — o) (b3) (1 — F(by X1 — o

Sz, (b
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If the manager is risk neutral (u,,=0), from (A.6), m;=(b¥ —b)/(b}.  — b)),
which implies b% —b*=(1—mn,)b%—b,), so that

zy— 2y y =(1—m,)[(b% — by)F(b;) —r(1 — F(by))].
Therefore {b}}} is not inferior only if
(b3 —b,)F(by)—r(1—F(b,))>0. (A7
The expression for z,({b#}, M,r) is shortened when convenient and z,_ (M)
denotes the principal’s expected net return from the sequence {b?}7., when
the distribution F is conditional on me M;=(b;, b].
2(M)=(—b)F(b))—r+(1—F(b))[(2,- (M) + 1)+ (1 —7y)z,_(M,)]
=(=bYF(b))—r+(1—F(b))z,- (M) +7,7). (A.8)
Consider the non-negotiable sequence {b;}}], where b;=m(f) for i<n and
b,=b*. The expected net return v,_ (M) is defined analogously to z,_{M))
and v, (M)=1v({b;}; M, r). Using a similar expansion as in (A.8),
v (M)=(v—b)F(by)—r+(1—F(b))v,-(M,). (A.9)
The proposition is now proved by induction. Since b,=b} and b} is not
renegotiable, the expected net return from the last offer z,(M, . )=v,(M,_,),

where me M, _, anf j=n—1. When only two offers remain and j=n-2, from
(A.8) and (A.9) and from z,(M,_;)=v(M,- ),

23(M—2)=(v=b7- )F(b)) =1 + (1~ Flby- )0 1(My- 1)+ 7 -17)

=02(M"_2)—(b:, 1 _bn—l)F(bn-l)+nn— 1r(1 _F(bn—l))-
If the manager is risk neutral, from (A.6), ,_, =(b}_,—b,_)/(b¥—b,_,) and
23(M,y - 2)=02(M,_3) = Ry 1[(bF — by 1)F(b, - 1) —1{1 — F(b,- 1))}

Assuming b*_,, b} is not inferior to the single offer bY, from (A.7),
25(M, _ ) <vy(M,_,). Now consider the sequences {b}}3 and {b;}5 when n—1
offers remain, so that j=1. Suppose z,_,(M;)<v,-,(M,). From (A.8) and
(A9), z (M)<v,(M)—(b}—by)F(b,)+n,r(1—F(b,)). Hence by the same
argument as when j=n—2, if the manager is risk neutral and {b¥}] is not
inferior, z,(M)<v,(M). Q.E.D.
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i assumed v;f+r 5o that thc ~;ob is completed
, the expected cost w({b},M,r) of the sequence b)), where

=5w\

W({bx} M ')-" {“:[F(M Fib,_ 1)J+ H1-Fibi- i B.1)

15y &
1epment best budget sequcnce-s when me M and the negotiation costs are r’

and: r rcspec tively.

Also for the purposc of the prooi of Proposmon 7, let {b}7 nd {b}”

I’roposmon 7. Let n'be the number of offers in the optimal sequence with offer
‘ cost.r satisf ing Assumptwms 1-9.1fn>1,r>r and v2b+r then
' «V) Q(M‘F)>4{M -
fi) (M, P)<s(M, ), and :
g} - s(M, r)+rq(M‘,,r)<s(M,r’)4_- rq(M. ).

Proof (i) 1f ris replaced by ¥ > in vhe first order condition (4) of the text,
b1, where n>1 no loager satisfies (4). Similarly, {b}7, wherc &, =5 and
nj>'l‘is” rot an optimal- budget sequence with offer cost r. If n=1, since
v2O47, bi=b=b and ke optmmm sequcnf.:e 1: unaffected. Therefore if

n>l, w({b} M,r)—w(M, 15 ~>w(M,r) - w({b}; & Wiil: rearrangement,
{h,},M )= w(M,7)>wM, )= w({b}; M, ). By ex pansxon of sach expected
" cost .ts«z;..mmponents r ~r)g(M,r)>( —r)g(M, 7). Since v'>», if n>1,

(u) By the deﬁmhom of WM,#), w({¥}; M,» = (M, r). From expan"on of
the '-xpecwd costs into their componm! costs,

r), then s(M, Yo siM, r)
,uoct costs for the same sequevwc of budgct
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Lel:‘{b*}e.‘ bc an optimum budget sequence with m'e M’ and «ffer cost .
'I“h&.n smee: thh thc same sequt nce of offers, s(M' N=sM, r) and- q(M' r=

Mr’:==nM>+«M>+W> '
<ﬂs(M ')-l r’q(M’ r)+E(m) from (B.3)
CewMry
"This contradicts the definition of wM',r). He’nbe
s(M’ :r)+rq(M’ r)>s(M 1) +raM, ) QED.

Proposwmn 9. Suppose .an optimum sequence of budget aoffers is folloved for a
nne’ iime ;ob based on information meM=(b,b] and b,<b is accepted,
indicating wie M =(5, _, 5,1 If the job is repeated by the next administration,
an offer b vwhere by, <b <by is optimal, provided

“rPi{m>blme M} <(b—bFr{m<b|me M'}.
t()thermsut ‘isﬁéi:"timal to vrepé‘c:m thesame offer b,.
Proof.” If with initial information me M, offér b,_, is rejected, the principal
then knows-me M-, =(b, -, H1: Since the next offer in the optimal sequence

is by, an. offer b, where by_; <<b<by, is not optunal The expected cost of the
' addmonal ¢aﬁ'er 3 mus%* ‘exceen the ‘expected gam for all b where by_; <t<b;.

rPr{m> bfmch 12 b)Pr{m<b|meM,,,,

If b,‘ ‘émcptml, thcn thc ptmc;pal knows meM'. Aa offer b<b, is then

Pz(,nw}meu'}qb,. h)Pr{m<bth'
ince t offcr b is rejected, Pr{m>b|meM’

y;
' ;lm' than b<b, The probabxhty the o!l‘cx bis
] Q E. D :

oo fS' m eqmlibnum size of a budget maximizing bureau:
ceacy, Joureat of Political Economy 8%, Feb., 195-2(7.
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