
D-l48 25? SOME RECOMMENDATIONS FOR IMPROVEMENTS IN THE THEORY AND i/i,
I PRACTICE OF DOD I..(U) NORTH CAROLINA STATE UNIV
I RALEIGH DEPT OF INDUSTRIAL ENGINEER. R H BERNHARD

rUCASIID2RUG 84 F49628-82-C-8835 F/G 5/1i N

MEu...
L tt-t ttttitttt



IIJJ J 85 328312.5

1 1 13 62

1.1 L *4.0 ~II .0

.: ~ ~ ~~'Ili :II

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OA SANOADS -963- A



Lfl

__SOME REC"t4ENDATIONS FOR IMPROVEMENTS IN THE THEORY AND PRACTICE
OF DOD INCENTIVE CONITRACTING

II

Dr. Richard H. Bernhard
Department of Industrial Engineering
North Carolina State University

24 August 1984

Final Report for Period Covering 1 June -24 August 1984
Contract No. F49620-82-C-0035

Co-Sponsored by
AR FORCE BUSINESS RESEARCH MANAGEMENT CENTER
Wright-Patterson AFB, Ohio 45433-6583

and
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Boiling AFB, DC 20336

r ELECTE
Approved for Public Release:

Unlimited Distribution D

24 Ag84 10 23 286

.............................. .



SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE
Is. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

Unclassified
2s. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

2b. OECLASSIFICATIONiDOWNGRAOING SCHEDULE Approved for Public Release:
Unlimited Distribution

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

Ba. NAME OF PERFORMING ORGANIZATION bi. OFFICE SYMBOL 7. NAME OF MONITORING ORGANIZATION

Dr. Richard H. Bernhard Air Force Business Research Mgt Center
6c. ADDRESS (City. State and ZIP Code) 7b. ADDRESS (City. State and ZIP Code)

Dept. of Industrial Engineering AFBRMC/RDCB
North Carolina State University Wright-Patterson AFB OH 45433-6583
Raleiah NC 27695

S& NAME OF FUNDINGSPONSC RING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)
Air Force Office of F49620-82-C-0035
Sci enti fic RP-,Parch AFOSR/CC

Sc. ADDRESS iCity. State and ZIP Code) 10. SOURCE OF FUNDING NOS.

PROGRAM PROJECT TASK WORK UNIT

Bolling AFB DC 20336 ELEMENT NO, NO. NO. NO.

11. TITLE finciude Security Clmificattno
Some Recommendations for Im rovements in th

12. PERSONAL AUTHOR(S)

Richard H. Bernhard
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Yr., Mo., Day) 15. PAGE COUNT

Final FROM Jun TO A 24 Aug 84 1s
16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB. GR.

0 5Contracts, Incentives

1q. ABSTRACT (Continue on reverse if neceuary and identify by block number

,Fundamental theoretical deficiencies are shown and revision is recommended in the DoDs
newly proposed procedure for adjusting shared savings to encourage cost reducing capital
investment by contractors. It is also shown that inconsistencies between conceptually
correct economic figures and their counterparts computed under government accounting
standards cause underallowance of intended contractor profit incentive. Also, though
standard models under uncertainty allow the contractor to choose his sharing fraction
for cost underruns and overruns so as to maximize his expected utility or, equivalently,
his risk-adjusted value, it is shown that this approach does not, in general, yield
Pareto-optimality and hence is not in the best interest of either the contractor or the
government. Contrary to a claim in the literature, it is further shown that sharing may
well be an incentive for cost reduction, but care must be used to assure Pareto-
optimality in the final solution. Recommendations are made for follow-on research
includi.- joint consideration of time streams and uncertainty, multiattribute analysis,

20. OISTAI6IUTIU..AeVA#LAB3ITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

* NCASIFEDUNIMTE~SAME AS RPT. D3 T IC USERPS C3 UNCLASSIFIED

22&. NAME OF RESPONSIBLE INO,VIOUAL 22b. TELEPHONE NUMBER 22c. OFFICE SYMBOL

Linda K. McLaughlin 513-25S-6221 oFBRoC/RDCB ".

DO FORM 1473. 83 APR EDITION OF I JAN 73 IS OBSOLETE.

SECURITY CLASSIFICATION OF THIS PAGE
• .. . .. .. • . ". . . . . .. .. . . . -. ... . . .. ..". . . .. .. ''



SECURITY CLASSIFICATION OF THIS PAGE

19. fand other extensions in the theory.

Accession For

N1TIS GRA&I
DTIC TABR

Unannounced

By
Distribution/

Availability Codes

Avail arid/or
Dis Special

SECURITY CLASSIFICATION OF THIS PAGE



ACKNOWLEDGMENTS

The author would like to thank the Air Force Systems Command, Air

Force Office of Scientific Research, and the Southeastern Center for .

Electrical Engineering Education for providing him with the .

opportunity to spend a very worthwhile and interesting summer at

the Air Force Business Research Management Center, Wright-Patterson

AFB, Ohio. He would also like to thank the entire staff of the

Business Research Management Center for their hospitality and

provision of excellent working conditions.

Finally, for helpful discussions and assistance, he would like

to give special thanks to Captain Michael C. Tankersley and Lt. Colonel

Daniel G. Robinson, who served in sequence es the author's Effort Focal 0

Point, and to Colonel Ronald Deep, Director of the Business Research

Management Center.

'ob,

S"i 1iii

." ".S -

S

-S. -....



I. INTRODUCTION

Incentive contracting, i.e. the correlation of contractor fees with

contractor performance, has been studied and used in USAF, DOD, and other

U.S. Government acquisition programs for many years. Indeed Scherer's" 2

seminal theoretical treatment of its application to acquisition of

advanced weapon systems appeared 20 years ago. However, heightened

interest in the topic has recently been caused by establishment of the

DOD's Industrial Modernization Incentives Program and circulation of a

draft of DOD Instruction 5000.XX:DOD Guide for Improving Productivity

3
in Defense Contracting. As a result, for the summer research

described below, Siven the present author's prior background in the

theory of managerial and engineering economics, he has been asked

to begin a thorough examination and critique of the theory of

incentive contracting, particularly as it applies to military acquisition

programs, and to make recommendations for revisions and extensions in

the theory and improvements in its application.*

II. OBJECTIVES

The following specific objectives were pursued in this initial

phase of the investigation:

1) The DOD Guide3 proposes a specific procedure for encouraging

contractors to make further capital investment for cost

reduction by having the governent revise the manner in

which it shares resulting savings with the contractors.

Study was made of the fundamental conflict between this

proposed procedure and standard engineering economic theory.

2) In application of incentive contracting theory there can

easily be a discrepancy between numerical figures procured

under required accounting standards vs. the figures which

are logically correct from a proper economic point-of-view.

An initial study was made of how serious this conflict

might be.

3) For the handling of uncertainty, previous authors have

developed simple models which allow the contractor to

choose the degree to which he wishes to share savings

,',.., ..,. ... ... ... .-..... . , ..... ....,... ..... ......... ... . . . .• . . . .. -. ::'.



and costs with the government. But, in the present analysis,

these models were put into a larger context in which the

risk attitudes of both the contractor and the government were

considered. Conflict was explored between previously-

recommended solutions and those which are Pareto-optimal

from an overall point of view.

4) Finally, in the light of the above studies and further

examination of the literature, recommendations were made

proposing follow-on research which shows significant

promise of yielding additional insights for useful

extension of incentive contracting theory and its

practical application.

III. DOD'S SHARED SAVINGS PROCEDURE IS FUNDAMENTALLY UNSOUND

For simplicity, assume certainty and a perfect capital market in

which money may be borrowed br lent at a period interest rate, i,

compounded pbriodically. In this setting, other things being equal,

it is optimal for a capital investment project to be undertaken if
and only if it has p~ospective cash flows for which the net present

value is positive. See, e.g., Bernhard. But, as illustrated in

the DOD Guide , when a contractor has a prospective cost-reducing

project which satisfies this requirement, a peculiarity of the
"shared savings" provisions in typical government contracts is that

the portion of cash flows allowed to the contractor has only a

negative net present value, and hence he has no incentive to

undertake the project or even report its existence.

Though the obvious solution would be to revise the sharing so

that both the government's and the contractor's portions had positive

net present values, this, regrettably, is not what the DOD Guide

recommends. Rather, presuming that the contractor has a minimum

acceptable internal rate of return, i* >i, it is proposed that

the shared savings be revised such that the contractor's cash

flows for the project have that internal rate. But it is easy to

..........................-.................. .....
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show, as follows, that this DOD procedure is fundamentally unsound.

With all monetary figures in millions of dollars, let:

At= Net time t cash flow from the project to the contractor.

NPV(i)- Net time 0 present value of these flows to the contractor.

-A 0 + A, (+i)- 1 +A 2 (l+i)- 2 + .... + AT (l+i)-T.

Then, to satisfy the DOD requirement, the A 's must be set so
t

that NPV(i*)-O.

E.g., consider a numerical illustration in which 1-0.10, i*-0.20,

and T-2, and suppose that, under the initial shared savings provision,

A0- -1, A1- 0.19, and A2=-0.05. Here NPV(i)<O for all izO, and no

real internal rate exists; hence the contractor would clearly find

this cash flow pattern unattractive. Then, following the DOD

procedure, if A0 is held fixed, the pairs, (A1, A2), which make i*-0.20

are any which satisfy (2).

A2 -- l. 2A1+l. 44 (2)
E.g., the pattern, (AI-2.40, A2--l.44), qualifies. But note that even
though NPV(.20)=O here, NPV(i)<0 for all other values of 020.

Thus, since there is no value of i which makes NPV(i)>O, the contractor,

contrary to what the DOD analysis implies, could not possibly find this

cash flow pattern attractive either.

To help in understanding what is happening here, let:

Vt= Contractor's unrecovered investment in the project at time t.

- Vt_ (1+i*)-A t for t-l,2 ..... , T-1. (3)

Then if V0=-A0, it is easy to verify that V -0. See, e.g., Bernhard.4

TSo, for the numerical situation above, VO-I>0, but VI--l.2<0. The-

former implies that the contractor would bein effect, a lender to the
project from t-O till t-l, but the latter implies he would be a

borrower from it from t1l till t-2. In the former case he would indeed
want i*>i, but in the latter he would want i*<i. Since he obviously

cannot have both, the i* index is simply not appropriate for use here

or in any situation where V changes sign over time. For a fuller
4discussion of this point, see Bernhard4 . Incidently, for the 9-period

. . . . . . .. .. .....-



3
example presented in the DOD Guide , Vt > 0 for t-0 through t-4,

but Vt <0 for t-5 through t-8; thus the i* index is not appropriate .

for use there either.

Furthermore, even if consideration is limited to cash flow

patterns for which V tO throughout, and hence for which it is
t

indeed attractive for the contractor to have i*) i, it is important

to recognize that, again contrary to what the DOD analysis implies,

not all cash flow patterns with the same i* will be equally attrac-

tive to him; i.e., not all will have the same NPV(i). E.g., two

further patterns satisfying (2) above, and hence having the common

i*=0.20, are (A1=1.2, A2 =0), and (A,=O, A2 -1.44). Though each has

Vt-0 throughout, for the former NPV(.1O)-O.09, while for the latter

NPV(.10)-O.19. Hence, in monetary value, the contractor will find

the latter more than twice as attractive as the former.

Finally, again with V t 10 throughout, note that a contractor

may actually prefer a cash flow pattern with a lower i* over one with

a higher i*. E.g., with A0 still fixed, the pattern, (A1=0,A21.42)

has only i*O.19,but NPV(.10)-O.17. This is clearly preferable to

the pattern, (A 1I.2, A2-0), with its higher i*=0.20, but its lower

NPV(.10)-0.09. Thus the internal rate is simply fundamentally unsound

as an index of goodness of cash flow patterns. Its use should be

purged from the DOD procedure.

IV. UNDER CAS 414,CONTRACTOR'S PROFIT INCENTIVE WILL BE TOO LOW

Even under certainty and with a perfect capital market, a

contractor will not undertake a project for which NPV(i)=O. As Jeynes5

has put it, "Nobody raises money at i% in order to reinvest it at i%."

To make the project attractive for the contractor, an increment, what

Jeynes has called a "profit incentive", must be added to make NPV(i)> 0.

In government contracting, the usual way in which this is intended to be

accomplished is as follows. Let:

X - Total time 0 present value of project costs, all to be

reimbursed to the contractor by the government.

Q Desired percentage of X to be paid by the government to the

contractor as a profit incentive.

-I •%
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Then, since in a world of certainty there need be no concern with cost

overruns or underruns, X(l+i) is the correct time 0 present value of

proper government payments to the contractor to cover both his costs

and his profit incentive.

But even here, a major problem, which seems to have been inadequately

treated in the literature, is that the cost accounting procedures

required for use in government contracting may easily lead to an under-

statement of the true value of X. Then when a is based on such an

understated value, the payments made to the contractor may include an

actual percentage of the true valueJXwhich is very much less than what

had been intended.

To illustrate what can happen, consider the following simple

situation for a proposed contract project. Let:

I S Capital outlay by the contractor to be required at time 0
for equipment. This equipment is to be used for the T
period life of the project and, for simplicity, is assumed
to have no salvage value.

W Outlay by the contractor to be required at time 0 for
working capital. For simplicity, it is assumed that this
remains invested ih the project till time T, but is then
received back in its entirety, by the contractor.

H Time 0 present value of all the other costs to be
incurred by the contractor for the project.

d Accounting depreciation charge allowed at time t fordt
usage of capital equipment, where I d 1l+d 2+...+dT

Then it is straightforward to verify that:

X I + W I-(l+i)i+H, and (4)

Lt + i (I-d1-d2. -1 (+-t .  (5)

It follows from (5) that I is equal to the time 0 present value

of a series of time t cost components, d t+i(I-d -d 2-..-d t), i.e. the time t

depreciation charge plus an interest charge based on the book value at

the start of the period just ended. But, under Cost Accounting Standard,
3 6

(CAS), 414, as applied, e.g., in the DOD Guide3 and by Rayburn , the

principal upon which interest is figured at time t is [I-d -d -.- dr-

(d f2)], i.e. the average book value during the period just ended. These

- * . * . .- .* .* .*. .o .oo .- . .o . .. .. . . . .° . . . . .



accounting costs are the ones which are reimbursable to the conrracor,
il -t-.

but their time 0 present value falls short of the true I by 2 t 1 dt(l+i) ,

and hence, in using them, X in (4) is understated by that amount. Also,

under CAS 414, the cost effect of the contractor's temporary outlay for

working capital is completely ignored. Thus, even if it is assumed, for

simplicity, that H is properly computed: 0

AX B Amount by which X is understated under rules of CAS 414.
T -tr-
E d d(l+i) +,wl(l+i)jl (6)
-1

If, e.g., straight-line depreciation is used, dtjI4T for all t, and (6)

reduces to the simpler form: S

AX- ( (l+i)T (7)

Note that with X understated by AX, the time 0 present value of

government payments to the contractor, and hence the time 0 present value

of his profit incentive, fall short of t4e correct intended value by

(1+a) AX. Let:

a Actual percentage of X to be paid to the contractor as a profit

incentive.
(= CO (X-X -X a-(l+a) ax (8)

x x
Since AX>O, inevitably here &<c. Indeed, under realistic values of the

parameters,a may even be negative. Suppose, e.g., that i-0.10, T-5, =1,

W-1, and H=0.2. Then X-1.579079, and, with straight-line depreciation,

AX-0.416987. But then, from (8), even if, say,a-O.12>O,&--O.176<O.

Such an "incentive" will clearly not encourage the contractor to undertake

the project.

Apparently, in practice, compensation is made for such anomalies by

ad hoc adjustment of a, the dt's, i, and other parameters so as to make the

project attractive to the contractor. How much more sense it would make,

however, and how much better uniformity and consistency in government

contracting would result if the cost accounting standards were consistent

with economic theory in the first place.

V. UNCERTAINTY: SHARING FRACTION SHOULD BE PARETO-OPTIMAL

To introduce uncertainty, consider a simple setting in which all cash

flows occur at a single point in time, or have been discounted to that time, -

and in which, once a commitment to undertake the contract or not has been

made, all uncertainty is immediately resolved. For a proposed contract

• . . . . . . . . * .. *.. . . . .. •



project let:

b N Target fee, i.e. target profit incentive for the contractor to

receive.

x0i Target cost for the contract to incur.

x a Actual cost the contract incurs, x is assumed to be normally
2distributed with mean, V, and variance,a2

k S Contractor's sharing fraction. If k-O, this is a "cost plus

fixed fee," (CPFF) contract. If k-i, it is "firm fixed price,"

(FFP). But, more generally, k can also be a fraction.

*1 F(x)N Actual fee the contractor is to receive.

It follows that F(x)-b-[xo-x]k, where F(x) is normally distributed with

mean, E[F(x)]-b+[x0 -u]k, and variance, a2[F(x)] -o k

Assume the contractor obeys the standard axioms of rational behavior

and thus wishes to.maximize his expected utility. Also assume the

utility is solely a function of his fee, F(x), and is of simple, .sk-

averse, exponential form, Uc[F(x)]=-exp(-c 1 F(x)], where cI is a rp's' ive
7constant, which Pratt has shown to be an index of risk-aversion, the lower

the constant the higher the aversion. Methods for estimating this constant
8 9in practice are discussed by Keeney and Raiffa . Hammond has observed

that, under broad circumstances, the exponential is a good approximation

to more complex, less tractible utility functions.

Rather than expected utility, it is equivalent and more convenient

to work with "risk-adjusted value", (RAy), i.e. the certain amount of money

which has the same utility as the expected utility. Here it is straight-

forward to verify that:

RAVc(k) Contractor's risk-adjusted value for the proposed contract.

2E(F(x)]- [F(x)] - k- 2 (9)
2c b5x1Ck~-

Then with all parameters fixed except k, the contractor will choose the

k, say k, which maximizes RAVc(k). In analyses of DOD contracting, it has

been common to assume that goal. See, e.g., Scherer.1'2

It has also been common to assume the contractor is risk-neutral, i.e.

that he has a linear utility function for money. But if that were true, c
would be infinite, and the final term of (9) would disappear. Then, if

[xo-u]<0, k-O, and if xo-uI>O, k1l. The fact that contractors actually

choose fractional values of k is thus prima-facie support for the assumption

that they are truly risk-averse rather than risk-neutral.

-1 .'.



To make k higher, and hence get the contractor to assume more

contract risk, the government commonly makes target fee, b, increase with

k, usually more slowly as k approaches 1. E.g., suppose it increases
2

quadratically; i.e. b- x0 (a l-k-yk ), where a, 8, and y are positive constants.

Then, using calculus, it is easy to verify that to maximize RAVW(k) the

contractor will choose:
(l+)x- (10)

2-yx 0 +O.5 c 1 a(O

But, regrettably, it is important to observe that this standard approach

of setting k = is not, in general, in the best interest of either

the contractor or the government; i.e., it does not yield a Pareto-

optimal solution. Without making the government worse off, the contractor

can be made better off or vice-versa. To show this, let:

G(x)E Actual fee the government is to pay on the contract, i.e.
actual cost plus actual contractor fee.

Then G(x) = x + F(x), and G(x) is normally distributed with mean, E[G(x)] =

2 2 2b +u + [xo-uik, and variance, a [G(x).]=o (1-k)

Assume the government also obeys the standard axioms of rational

behavior and thus wishes to maximize its expected utility. Also assume

that utility is solely a function of the fee, G(x), and is of simple,

risk-averse, exponential form, UG[-G(x)] =-exp [c Gx)I, where c2, a

positive constant, inversely measures the government's risk-aversion.

(Presumably the government is less risk-averse than the contractor, i.e.

c2>ci, but assumption of that is not essential -o the analysis.) Then, with

C Bc i+c2 , in the same manner as above it is straightforward to verify the

following:

RAV (k) Government's risk-adjusted value for t~e proposed contract.
E(-G(x)]- a 2  b- i- [x0- ]k- C(-k) (11)

i- (1-k)
2 2  2 "2'.

2 -k 2 2 k 2  
-"

RAV (k) RAVc(k) + RAVG(k) + c k2  (12)
TT C 2c c 2  

2c Ic2 ()

With all parameters still fixed except k, observe that Pareto-

optimality requires choosing the k, say k*, which maximizes RAVT(k). Using

calculus, it is easy to verify from (12) that:

k*= C1  (13)
C c c c
1 2

If k=k*, the only way to make RAV (k*) larger is to adjust b, which,
C

inevitably, makes RAVG(k*) smaller, and vice-versa. But if kqk*, a switchG.%



to k-k* would raise RAVT(k), and, by adjustment of b, the gain could be

used to raise either RAVc(k), or RAVG(k), or both, without lowering the

other. Thus, unless k-k* in (13), 1 in (10) does not yield a Pareto-

optimal solution. For a fuller discussion of Pareto-optimality when the

sharing parties have exponential utility functions for money, see, e.g.,

Raiffa 10 .

When k* in (13) is inserted for k in (12), after simplification one

finds: 2

RAV (k*)'-- (14)

Observe that (14) is exactly the same as the risk-adjusted value of a

single party who is to make a payment, x, which is normally distributed
2

with parameters, 1, and a , and who has a simple, risk-averse, exponential

utility function, U[-xlu-exp(c-l x]. This is a special case of a useful
10

result, shown, e.g., by Raiffa , that whenever two parties have exponential

utility functions for money and share outcomes in Pareto-optimal fashion,

then'for choosing among alternative probabilistic patterns of outcomes,

it is optimal for them to work jointly using the exponential group

utility function, U(-xl, stated above. In the present setting, e.g.,

using this approach, the merits of various potential pilot plant or other

small-scale experiments for reducing the uncertainty might be explored

before the contract is undertaken or not and, indeed, even before the

experimenting is done.

Then, in general, once the plan with the highest possible RAVT(k*) is

established, the value of b, which can be zero, positive, or negative,

should be set just sufficiently high that RAVc(k*) is at the lowest level

the contractor will accept. If that leaves RAV G(k*) sufficiently high for

the government to accept, the contract should be undertaken; otherwise it

should not.

VI. CONFLICT: PARETO-OPTIMALITY VS. COST REDUCTION INCENTIVE

11
Bradley and McCuiston claim that the popularity of incentive contracting

is not at all because it creates incentive for cost reduction but rather

because, by allowing fractional values of k, it permits the contractor to

maximize his expected utility or, equivalently, his RAV c(k). However,

contrary to this claim, there is nothing in the theory to imply that

incentive for cost reduction, caused by increasing the value of k,

might not also be operative. E.g., rather than having expected cost,

•.'..... .--- ~.-...................-.......,-..............,
... . . .. ................................. il....... "..............Ii.. ."..



U, being a constant, suppose it decreases linearly with k, reflecting

the contractor's greater incentive for cost reduction with higher k; i.e.,

UM0 (l-rk), where v is the expected cost when k=O, and the constant, r>O.00
Inserting this revised u into (12), one finds that now:

r c,2 cc 2
RAVT(k) - 2c2 + 0+ - k (15)T 0- 2c 2c1C2

Then, again using calculus, it I easy to verify that the value of k,

say k, which maximizes RAVT(k) here is:1 ,0rc2l

- + 2]k* (16)

In the special case where r=0, (16), of course, reduces to (13), i.e. .

k=k*, but more generally, with r>O, (16) also depends on r,u0 ,anda 2. With

r>O, increased contractor cost reduction effort, induced by increasing k,

decreases expected cost,u, and hence, quite reasonably , i>k*.

But note, seemingly paradoxically, this new solution, (16), is not ,

Pareto-optimal. If the contractor is, indeed, able to get the expected cost

down to V- (1-r ), it would be in his best interest to do that but to accept

the lesser value of k, i.e., k-k*. This would raise RAVT(k), and hence, by

adjusting b as appropriate, either he or the government, or both, could be -

made better off without making the other worse off.

To show this, insert k of (16) as k in RAVT(k) of (15). After simplifi-

cation, this yields: 2
a 2 c1c 2 (17)

RA k 1-rk - - - - -T o c 2ca

Then observe from expression (14) for RAVT(k*) under Pareto-optimality, the sum

of the first two terms in expression (17) for RAVT( ) gives what RAVTk) would be

if u-u 0 (l-r ), but k-k*. Thus the third term in (17), reducing it to RAVT(),
is a penalty term which is incurred if the higher k, i.e. k, must be used to

entice the contractor to achieve the lower expected cost,4- 0(1-rk). Knowing

this, if the contractor can achieve this expected cost while still having k-k*,

b can be raised by the amount of the penalty term, thereby raising RAVc(k),

without lower RAVG(k). Thus the original solution with k-k is not Pareto-
optimal. As explained above, and more fully discussed by Raiffa 0 , whenever,

as here, the two parties have exponential utility functions, Pareto-optimality

always requires that k-k*.

VII. RECOMMENDATIONS

The immediate recommendations of this initial study are as follows:

(1) The DOD's shared savings procedure, based on the internal rate of
-S
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return, should be revised at once to be consistent with net

present value analysis.

(2) In economic analysis for incentive contracting, accounting

figures based on CAS rules should be revised to reflect

actual prospective net cash flows and their timing.

(3) Models currently recommended for establishing shared

savings under uncertainty should be revised to avoid

conflict with Pareto optimality.

In addition, substantial further research is recommended as

follows. The first part of the initial study considered time streams

under certainty, while the rest introduced uncertainty but at a

single point in time. What should be explored next is joint considerationerhr12

of these two approaches. A recent paper by Bernhard introduces this

complication using additive exponential utility functions. In the

setting of incentive contracting, a comprehensive decision-tree

analysis will allow consideration of timing of uncertainty resolution

and strategies for sequential decisions, including upper and lower

bounds on sharing provisions, constraints on availability of capital,

and the relative merits of such things as award fee, termination protec-

tion, and renegotiation provisions.

Still further matters to be examined in this follow-on research

include complications when utility functions are not risk-averse

exponential, e.g. the empirically realistic situation where, for small

losses, contractors are risk-seeking rather than risk-averse, implications

when contractor and government have different subjective probability

distributions, additional discrepancies between accounting and economic

concepts, and inclusion of tax effects. Also to be studied are use of

alternatives to monetary utility theory including Kahneman and Tversky's13

"rptho"Bl 14
prospect theory," Bell's suggestion that utility should also be a

function of "opportunity loss", and introduction of non-monetary considera-

tions through the multiattribute decision theories of Keeney and Raiffa 8 and

others, e.g. to include such further highly important criteria as meeting of

schedule and quality requirements. It is clear from this inital study that

theoretical modeling of incentive contracting still offers major opportunity

for further useful insights and resultant improved applications.
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