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INTRODUCTION

Computer use by analysts is extensive to say the least,
however, full use/utilization is far from the norm. With the
application of USER FRIENDLY analysis packages (application
software), it is assumed that the analyst can be more effective
and begin to utilize the potential of the hardware available to
most operations. User friendly, unfortunately, has many
different meanings to many different people. Even if a piece of
software is considered user friendly, by the user, it still may
not allow for the most cost effective use of the analyst’s time,
or for that matter of his expertise. Let me offer a definition of
"user friendly", to establish a reference point which we can talk

to within this paper:

User Friendly Software: Software which requires the minimum
of user knowlege to operate, that yields a useful product,
and reduces the users expenditure of resources to accomplish

a given task.

The above definition only relates to the usefullness of a
software package and doesn’t discuss the ultimate effectiveness
of the tool. Obviously, improving the man/machine/software

interface, by maring the system more user friendly (reference the

above definition), will improve the effectiveness of the user.
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;g Lets, however, first address the usefullness aspect and later
SN
{ talk about how we can improve, even more, the overall
N
}}- effectiveness of the total system (man/machine/software).

Each one of us has our own real (and perceived) effectiveness
-
N\
[ level. This effectiveness level (capability plane) is determined
S

ﬁ‘. ]

: f by our inate ability and aguired technical skills. Additionally,
W
we boost our capability level through the addition of special
f;j tools, such as, the hand held calculator, personal computer and
'f: associated software {(programs). With the addition of each newly
' aguired tool, we reach a higher effectiveness plane. Many more
:yi people became fuctionaly literate with much less inate ability
o and skill with the advent of the scientific hand held calculator.
For esample, prior to the hand held calculator, many cost
}fﬁ analysts relied on the use of graph paper for estimate solutions,
%ﬁ since the mathematical approach was considered to tedious or
Lo

()

) difficult. The calculator alone can not take all the credit,
‘ff however, since we, have become more technically competent over
N
:If the vyears, since learning curve theory was first postulated in
..

o

‘1 the aviation industry. The fact still remains, however, that the
-iﬁ tools, recently made available have greatly advanced the
:i: 4 analyst’s ability. Accession For
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ARTIFICAL INTELLIGENCE-THE EMERGING TECHNOLOGY

NATURAL LANGUAGE FROCESSORS

— With the advent of ARTIFICAL INTELLEGENCE (Al), we are entering

into & new era of man/machine/software combined effectiveness.
Al offers us, not only, user friendly application packages and
interfaces, but & major boost in our effectiveness planes. The
user friendliness 1s one aspect of A, but there are other
elements that make this technology a major extension of the human
mind. This papeir will explore just two applications and their
use in the analysis world.\

*)The first aspectlwum4¢LLi\éxamineﬁfs: user friendliness./f/;c
really understand why I made the statement that we are now on the
verge of a significant new effectiveness plane, we must explain
what AI 1is about. The name implies; simulation of human
intelligence. The computer is simulating human intelligence.
Since the computer is not a human, its intelligence is artifical.
The major difference between a standard computer and one using Al
is that AI maps/simulate human cognitive structure. in  other
words, the computer appears to be thinking like a human.
Standand computers (operating with some piece of application
software) only do what we tell them to do. They do not think.
With AI, the computer appears to actually think, even though it

really isn’t. Al software operates on hgmég_§gggligd daecision
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rules, it can manipulate these rules, through the cognitive map.
Natural common sense is not available, however , reasoning sense

through the decison rule manipulation is present.

With this human congnitive mapping, one thing that falls out
is the ability to create software which understands human
language. These human language understanding machines/software
packages are known as NATURAL LANGUAGE FROCESSORS. This means
that an analyst (anyone for that matter) can communicate with a
computer using their own language. The implications of the
natural language processor should be obvious. An analyst does
not have to have extensive training prior to becoming fuctionally
literate, or for that matter totally effective with a software

package.

The ability exists to take current analysis packages and wrap a
natural language processor around them, making the
man/machine/software interface USER FRIENDLY. One such natural
language processor which is commerically available is INTELLECT,

by Artifical Intellegence Incorporated, Waltham, Mass.

To illustrate what a natural language processor interface might
do, lets assume you needed all the elements in your contractor
cost performance report data base (CFR) that had & cumulative
cost variance greater than 10X at level three. A typical command

would be:

S




I need to know all the level three items that have & cum

cost variance greater than 10%.

With a natural language processor, the above command would
provide the reqguired results from the data base. The
effectiveness improvement should be apparent. Especially, when
you realize that the system is converting the plain English
request into the data base command structure, without the user
having to know the data base command lanquage structure. A
sample session using INTELLECT with a Cost Performance Report

{CFR) database is contained in appendix A.

The Office of the Secretary of Defense, in Program Analysis and
Evaluation (OD/FAXE), is finalizing the development of a natural
language processor based data base system for Contractor Cost
Data Reporting System (CCDR) information. This system will
enable analysts to access the CCDR data base using plain English.
Additionally, they will be able to accomplish mathematical
manipulations and sorts of the data elements as well as
statistical analysis of the resultant data set, all using plain

English commands.

Both of above mentioned systems enable the analyst, with the

least amount of training, to become extremely powerful users of

both analytical tools and data base systems.




q EXPERT SYSTEMS

The other aspect of AI that we will discuss is that of the

1 s
LY

EXPERT SYSTEM. An expert system is one that simulates (maps) the

1
(R R Y

R

[ analyst™s cognitive structure in the accomplishment of some
AT analysis. As described in the background section of this paper,

f% this mapping is a set of decision rules by which the expert
i

e

. accomplishes their analysis.

To date, very succsessful attempts at developing expert systems
have been accomplished. One the earliest was in the area of

geological exploration for oil. A geolaogical organization,

it il
RS

specializing in oil exploration, gathered a group of experts
together and mapped their thought processes in the
exploration/testing for oil. The result was the ability to send
- a small field team with an Al computer loaded with the expert
system on oil explorations. This small field team, with minimal
expert support was able to operate with the same effect as having
a team of experts. The cost effectiveness benefits of this type

o of eupert system should be apparent.

- In the area of medicine, there has been a major inroad in the
- area of expert systems. One example is an aided diagnosis expert
7 system that has been inplace for some time. Even though the
.E | system can not make totally reliable diagnoses in all case, but

[-. then again either can human doctors, it does aid doctors in their
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diagnosis. With the sensitivity of human life implications, the

expert systems approach has meet with extreme caution, if not

with very strong oppostion. Medicine is far from an exact
science, and attempts at mapping the human doctor’s diagnoses
thought process for all possable diseases is probably the major
stumbling block in achieving the perfect exnpert system. That
assumes, of course that perfection is achievable. In any event
the experiments have had tremendous impact in the aresa, and

additional systems are being developed in this area.

A more recent application, in the area of contractor cost
performance evaluation, was developed by the Defense Systems
Management College, at Ft. Belvior, Viginia, under contract with
Doty Associates of Rockville, Maryland. This system, currently
known as the Contractor Appraisal System (CAFFS), operates on
micro computers under the MS-D0OS operating system. The purpose
of the system is to enable program manager level personel to very
yaickly appraise contractor performance based on Contractor

Ferformance Repart (CFR) data.

CAFFS" power comes not only from the expert system application,
but also from the fact that it operates on small micro computers.

In the past, the eipert systems operated only on large main

frames or on special Al comperters. The special Al computers,
even though they have been coming down in cost, e very
expensesive. The ability to access CAFFS on an IBM FC  or

compatiable, along with the Air Force standard micro, the I-100,
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enables a very large population access to its power.

Even though CAFFS doesn®t utilize a natural language processor,
its architecture is such that only two keys enable full use of
the system (the return key and the space bar). Appendix R

contains a sample of CAFPFS output, both verbal and graphical.

CAFFS has been demonstrated at the College to groups of progam
managers and analysts, as well as used in the FProgram Managers
Workshop and the Contractor Performance Management Course since
May of this vyear (19835). The system has been received with
tremendous enthusiasm. The capability enhancement to the program
manager and analyst alike has been recognized by these observers
just from this small introduction. The demand for copies of the
software has been overwhelming, and its use has begun in the

field.

One aspect of Al, however, which has not been explored yet, has
to do with the educational capabilities of the systenm. At DSMC,
the system has been used to deepen the and broaden the students
wnderstanding of CFR use and analysis. There is no reason why
the same effect can not be achived at the comptroller level and

or at the program office with their own training programs.

The current release of CAFPS is a single expert system. In

other words, there is only one expert™s cognitive CFR analysis

--------
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process mapped within the system. DSMC plans to futher develop
this system by gathering a group of experts to refine/expand the

expert base.

From the tests to date, and actual applications, it has been
proven that Al really dosen’t replace the expert, but truly
enhances them. We may, at some future time, develop truly
replacement capability, however, current technology requires

human intervention at some point.

THE BOTTOM LINE-SUMMARY

The bottom line, is that through the use of Al, we aoffer the
analytical world the capability of jumping more than one
capability plane. natural language processors and expert systems
provide us with the tools to truly make dramatic leaps in the
accamplishment of accurate, timely, logical, defendable analyses.
Artifical intelligence is offering us the same benefits that are
associated with 3 major technology breakthrough. Even the expert
can now take advantage of other experts by simply turning on
their personal micro computer. Cost estimating, independent
anal yses, cost tracking and control techiques are definate
candidates for this technology. Many errors associated with human
data manipulation and analysis should be able to be reduced
significantly with each new step into the A world. The manager
can become even more powerful by utilizing his/her own set of

electronic erperts at any time, identifing problem

10
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areas/questions in almost real time.

The future 1is starting now. We need to consider this
technology in  every new tool developement as well as in  the
upgrading of current systems. The implications are too great to
let our option lapse without taking a good look at what we can
achieve. Al  technology is well within our grasps and stremly

affor Jable.

11
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AFFENDIX A

INTELLECT EXAMFLE WITH CPR DATA
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‘13 CAFFS EXAMPLE OUTPUT (EXFERT SYSTEM)
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P WELCOME

= CAPPSs

{

R The CONTRACT APPRAISAL SYSTEM

s .

vi> This system provides management-level interpretations of contract performance
'/ information reported to vyou via Cost Performance or Cost/Schedule Status

.Reports. The system analvzes trends in the data and identifies potential
g? problem areas where further discussions with your analysts or contractor are
fi recommended. The system was not intended to replace vour analysts, but rather
» to aid your communication with them and your contractor.

K For assistance or additional information, contact:

. Defense Systems Management College

Program Manager’s Support System Directorate

- : Fort Belvoir, Virginia 22060-542«

AV 354-4795/5783 or Commercial (703)664-4795/5783

Press the RETURN key to continue
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% COST #% : 4 SCHEDULE ##

Monthly actuals are running at $17312K. i The contractor says this
This effort has an unfavorable cost { effort is about 40 percent
variance of 4 percent. For what it’s worth, i complete. Work in process is
: overall performance is holding relatively \ behind schedule.
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This graph displays the overall status of the element and is probably the
{ single most useful portraval of performance data available.

Y

The dash-dot line (yellow) represents the baseline PLAN from which status
is measured. If everything were right on cost and right on schedule, this
is how things would look.

- e e
L

The dash line (blue) represents the status of work performed. When it is
below the dash-dot line, LESS work has been performed than expected.

The solid red line represents the expenditures.

k. Normally, vou would expect all three lines to be relatively equal, so if
vyou are having a hard time distinguishing them, BE GRATEFUL, things are

. probably okay. When you start to see the solid line go up sharply, take
(- note, cost growth may be in the future.

‘ .
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j LRETURN] PREVIOUS SCREEN HEL.P
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MAIN HELP MENU

Welcome to the Help system.

The following toplcs are
topic by hitting the space bar
in the menu selection at the

until the topic you

tadt fal Sal and uuit S Al Sadk wdy St S A i i 0 A S A e ar

available in this HELP system.

You select a

want is highlighted

bottom of the screemn and then pressing the
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return (or enter) key.
STRUCTURE Discusses the basic HARDCOPY Explains how to get
structure of CAPPs a hardcopy output
FLOW Explains how CAPPs GRAPHICS Discusses CAPPs
operates Graphics
KEYPAD Discusses how CAPPs DEFINITIONS Explains some basic
uses the kevpad data elements used
in CAPPs
FILES Lists the regquired
CAPPs files i Explains help
[RETURN] PREVIOUS SCREEN HELP
Structure Flow Keypad Files Hardcopy Graphics definitions ?
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Uariance Trends
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This plot highlights performance trends -- Lf there are any. The cost
L~ variance is shown with a solid red line, the schedule variance is
- shown with a dashed blue line, and the variance at completion 13 shown

PR
P

v Wwith a dot vellow line.

.}'

2. Performance which is above the zero line is favorable (either ahead ot

?} achedule or under cost). UWhen performance is below the line, the oppnsite
¢ is true.

.

y—+ The trick is to watch far

Ny
. 1. Sudden changes in the direction of either of the lirnes,

2. Unfavorable trends (downward) in the cost variance line, or

3. Early unfavorable schedule variance trends.
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The heart of a performance measurement system is the ability to detormine work
= accomplished. It is probably one of the most difficult aspects for most caon—
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Status of Element 1.1.2 -~ Alrframe Segment
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This element represents [3.32 percent of the total contract.
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¥ SCHEDULLE +#
fhe contractor savs this

b COST w4
Monthly actuals are running at $3510K. This

eftort has an unfavorable cost variance of
23 percent. For what 1t’s worth, overall complete. Work in process 1S

]

1

;

v eftort 13 about 51 percent

i
perfaormance is holding relatively steady. i behind schedule.

1

1

i

]

]

]

]

]

- 4 PROJECTED #+¥
Y The contractor’s estimate at completion 1s overly optimistic based orn
performance to date.
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Status of Element 1.1.2.2.5 - Elevons

This element represents 5.79 percent of the total contract.

% COST +#* ! *#% SCHEDULE **

Monthly actuals are running at 32538K. i The contractor says this
There has been a dramatic decrease in the i effort is about 81 percent
rate of expenditures recently. This effort i complete. Work in process is
has an unfavorable cost variance of 33 | behind schedule.
percent. Performarnce is not good! Infact, !
problems seem to be continuing. g
i
H

#¥ PROJECTED #%
The contractor’s estimate at completion is overly optimistic based on
performance to date.

[Next_Flement) Cum_Performance Overview Explain it




\EH Status of Element 1.1.2.2.5 - Elevons
3%7 This element represents 5.79 percent of the total contract.
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el Monthly actuals are running at $2538K. ! The contractor says this
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- percent. Performance is not good! Infact, !
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s #4 PROJECTED ##
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Cost Performance Indicies
WBS 1.1.2.2.9 Elevons
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The indicies graph is a way of portraying cost performance that relates
cumulative, current, and proiected performance together.

The solid red line represents the cumulative CPI. This line shows the
historical track of performance based on a "par" value. The line will
normally flatted out at a relatively stable performance level.

The dotted blue line represents the current CPI. This is the most recent
period performance, so there is a tendency for it to fluctuate quite

regularly. The important thing to note, is whether current performance
is below cumulative performance.

The dash vellow line represents the contractor’s projected performance.
It should be reasonably close to the past performance to be credible. If
it is not, the conmtractor’s EAC is probably wrong.
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-;{ This graphic displays two contractor provided pieces of information and fou
{ { CAPPs developed pieces of information. The contractor data are the BAC and
S : the LRE, and the CAPPs data are the four EAC values on the right side of th
S graph.
- ‘' This display provides you an immediate comparison of the budget for an

, element with the contractor’s latest revised estimate for that element with

N four independently developed estimates at completion based on performance
o data. Hopefully, all six values are about equal. If not, then the last
i five should be. Where there are major discrepancies between the contractor
:Lj LRE and the four EAC’s, and explanation is in order.
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\ TECHNIQUES

) There are many ways to project future performance, none of which have been
- proven exactly correct, vet some technigues seem to have almost a cultist
5@ following. CAPPs make no attempt to recommend a single approach, in fact,
- four different technigues are included.

j{a CUM  ~ Baszed on cumilative cost performance. This 1= the

o "standard" EAC technigue.

:gi REC - Based on recent cost history. Recent defined as the last
e three months. This method removes most of the fluctuation
s‘f typical in the CUR method.

A

zx; CUR - Based on current cost performance. Extrapolates the

gi- latest performance trends over the remaining work.

-

o C&S -~ Based on a combination of the cumulative cost and schedule

T per formance to date. Adding schedule assessment is a nice

ﬁj ' touch. It makes this method very popular in some circles.
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The contractor’s latest revised estimate at completion consists of the actual
cost to date plus the latest estimate of cost for the remaining work. The
estimate should be developed by those closely associated with the work who
are well informed regarding work performance and problems, future resource
costs, and furure requirements.

The contractor should prepare the estimate in a consistant marner from period
to period with appropriate consderation given to such factors as performance

to date, known and anticipated problems, work-arounds, economic escalation,
and anticipated business volume.

The estimate should be reviewed monthly and revised as required to provide
the best possible estimate of final cost.
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:ﬂ The following elements are used to generate a variety of information
(' perspectives useful for monitoring contract status and for determining

. areas requiring corrective action.

ﬁ; . BCWS: Budgeted Cost for BCWP: Budgeted Cost for ACWP: Actual Cost of
- Work Scheduled Work Per formed Work Performed
* ’ Time-phased allocation of Time-phased allocation of Actual resources
- goal oriented resources goal oriented resources consumed to accom-
'ji based on scheduled incre- associated with completed plish completed in-
gg ments of work. increments of work. increments of work.
, BAC: Budget at Completion LRE (or EAC): Latest Revised

o Estimate at Completion
Lﬁ Pre—-established goal or objective Current estimate of all resources
i expressed as a budget for the accom-— required to accomplish a specified
T plishment of a specific increment increment of work.

o of work.
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BUDGETED COST FOR WORK SCHEDULED

This data element is developed during the plannlnq stages of an effort.
It is created from the natural accumulation of resources (labor, material,

’S etc.) which are associated with scheduled increments of work -- normally
b milestones or small tasks designed for this purpose.
i Resource values used for BCWS are constrained by the pre-established
F' objectives identitied for the particular segment of work being planned. This
X means that there is a significant difference between BCWS and what is commonly
L called a spend plan -~ which has no such constraint. In fact, BCWS is often
jﬁ refered to as a "work plan” to distinguish it from a "spend plan”. Take note,
= because 1t is absolutely imperative to recognize this distinction to
‘i effectively interpret the perfarmance information used in this module.

The summation of BCWS for all of the increments of work fFor all of the

planned time periods exactly equals the BAC. Never any more and never any
% less!!
-i' BCWS is the PLANNED VALUE for the PLANNED WORK
N [RETURN] PREVIOUS_SCREEN HELP
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N 1. Sudden changes in the direction of either of the lines,
o 2. Unfavorable trends (downward) in the cost variance line, or

3. Early unfavorable schedule variance trends.
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The heart of a performance measurement system is the ability to detcrmine work
o accomplished. 1t is probably one of the most difficult aspects for most con-
. tractors, vet it is probably one of the most useful if properly determined.
o Accurately reported, work accomplishment provides a common lirik between
R schedule and cost status. It overcomes that persistent problem of assuming
( that because actual costs match planned expenditures everything is okay.

BCWP is the term that is used for work accomplished, but it is also commonly
known as earned value because the "value"” associated with a particular task is
"earned” when the task is completed. The terminology is unimportant; what is
important is that the BCWP be as accurate and as timely a measure as possible
e of the completion status of a particular effort. If a task is fifty percent
?{ complete, for example, then BCWP should be fifty percent of the total budget
"o (value) for that task.

This isn’t a trite concept, and many contractors argue that BCWP is not
worth its cost. The fact is, that BCWP does not need to be expensive; and
it certainly provides useful information available nowhere else!

BCWP is the PLANNED VALUE for the COMPLETED WORK
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ACTUAL COST ©OF WORK PERFORMED

e e e —

This element represents those direct and indirect costs identified
specifically to a particular contractual effort. Although they need not be
exactly the same, they should reconcile with the contractor’s incurred-cost
ledgers which are regularly audited by the Government. The ACWP must relate
to the accomplishment of contract work (BCWP) and, to be usable, must be

~ reported in the same time period.

T This element rarely give anvone a problem understanding, but it is & real
- killer when it becomes twice as large as it was intended.

T
i: ACWP is the ACTUAL CcOST for the COMPLETED WORK
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BUDGET AT COMPLETION

_;_‘The BAC Ls the total budqet Avalue)_ as»oc1ated uxth X, oatflrul r_e]emygfﬁqf,:._
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The BAC is the total budget (value) associated with a particular element of
the contract. The sum of all such budgets plus any undistributed budgets and
any remaining management reserve should equal the negotiated contract cost
plus the estimated cost for authorized, undefinitized work. If this
relationship does not exist, the data does not provide true “contract” status.

This does not mean that the BAC is cast in concrete. These budgets change
during the life of a contract to reflect contract changes, internal
replanning, and applications of management reserve.
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LATEST REVISED ESTIMATE AT COMPLETION

The contractor’s latest revised estimate at completion consists of the actual
cost to date plus the latest estimate of cost for the remaining work. The
estimate should be developed by those closely associated with the work who
are well informed regarding wark performance and problems, future resource
costs, and furure requirements.

e contractor should prepare the estimate in a consistant marmner ftrom period
to period with appropriate consderation given to such factors as performance
to date, known and anticipated problems, work-arounds, economic escalation,
and anticipated business volume.

The estimate should be reviewed monthly and revised as reaguired to provide
the best possible estimate of final cost.
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OVERVIEW
Contract: Test Data Base Data as of: JULS3

There are:

12 Level 2 WBS Elements
3 WBS Elemonts
WBS Elements
5 WBS Elements
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There are also 12 Functional Elements

The contract began in AUGE3 and is currently projected to finish in
JUNBe. This means that the contract is about 32 percent complete,
based on time. Performance data indicates that the contract 1is
about 40 percent complete. The contract is projected to overrun.

Use the space bar to select an option from
the menu at the bottom of the screen
Then press RETURN.

[Contract_Status] Key_ Elements All Elements Update Explain Quit
£
9
b.
.
RN Y A e et T T T ST T A R O N P Y
e e T T e T e e e e T N A .
:li'n:‘fnl"g‘c-_";g':n‘ PR RN MRV . n Aalhtel AT *




»




