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INFORMATION SYSTEMS IN PROJECT MANAGEMENT

I. INTRODUCTION

A project has been defined as a set of ccaplex

§ interrelated tasks directed toward the accomplishment
of an objective. Therefore, Project Management cnn’bc
defined as a system of procedures which provides for
Planning, Scheduling snd Contrel of & Project,

This paper assumes previous knowledge of project
planning and scheduling techniques and reviews some of
the more widely used project control techniques developed
during the last decade and implemented throughout govermment
and industry.

Information is the medium of control; it is the flow
‘of measurenent information aﬁd later the flow of corrective

information which allows an item to be controlled. The

technizues presented in this paper are effective means of

placing information in the hands of management,

IT. PROJECT CONTROL ELEMENTS

As mentioned above, information is the medium of control.

This infcrmation should be in a language commcn to the plan,

14
4& accura.cly measured and transmitted to the control unit




for comparison, and processed rapidly. Instrumentation
using electronic devices is cuntrai to the cuncept of
automatic control. But project control is an open-loop system;
it must have guidance and decision €from an intelligent human
being.

Fundsmentally, control is any process that guides activity
toward a predetermined goal. The essence of this concept
is in determining whether the activity is achieving the
desired results. Note that the desired results are assumed
to be known: in other words, project control cannot exist
wi thout planning, nor can control in its broadest context.
The essentials of a control system involve four cleuents:'

--A predetermined gcal, plan, policy, standard, norm,

decision rule, criterion, or yardstick.
--A means of measuring activity.
--A means of comparing activity with the criterion.

--Some mechanism that will correct the current actiflty
so as to achieve the desired results.

The purpose of 8 control system is to provide technical
performance/time/cost visibility for: |

--Indication of status.

--Prediction of future performance.

--Evaluation of realism of plans,

--Indication of nced for replanning.

The input/output concept is central to effective control

systems and is discussed in depth helow.
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1. A Predetermined Criterion

The most important idea in control is to determine to
some degree what the results should be, at least what is
exptected from a given action. Planning and policy are
prerequisites for control. Planning can yield some benefits
without control, but control can never exist without somc
element of planning for the future.

This predetermined criterion may be qualitative but
the difficulty with such qualitative staiement is the lack of
Precision. For this reason, the evolution of management
tccﬁhiqhes on the iwentieth century has involved greater use
of quantitative expressions which contributes to precision.
Stindards provide a way of stating what should be accomplished.
Thése standard; can be in terms of time, cost, performance
in physical units, or some composite index. |

2. Measurement of Performance

Performance cannot be checked unless performance in a
pasi period éan be determined. This may appear to be a
simple matter, but confusion can develop unless the basis
of uinasement is defined. The effectiveness of a con-
trol system depends upon promptly reporting past results to
the persons who have power to produce changes. The unit of
measurement should be consistent with the predetermined
criterion and should be reported in a form that facilitates

easy comparison,




3. Comparison of Performance with

Predetcrmined Criteria

Much management thinking involves 8 study of variations.
Since all activity yields some variation, it is important to
determine the limits within which this variation can still
be considered "in control."” A manager must be able to
distinguish between unimportant varia£ions and variations
indicating need for corrective action. Simple methods of
comparing actual results with the predetermined goal will
often provide new insights into the problems confronting
him.

. The purpose of comparing past performance with planned
performance is not only to determine when a mistake has been
made, but also to enable the manager to predict future
results. An effective control system will provide quick
comparisons so that the manager can attend to possible
trouble while the operation is 'in control." Comparison
of actual performance through time will often show a sign-
ificant trend that might indicate a danger signal. The xanager

cannot change the past, but he can use his understanding of

it to help him operate in the present to make future operations
better.




4. Schematic Analysis

As the managerial process has increased in complexity,
@ need has grown for devices to clarify the significant
relationshipe and emphasize the most important elements,
To meet this nced management has developed pictorial and simple
numerical methods to aid decision-making. | |
Bffective schematic techniques help us focus on the
pertinent, relevant facts and help us suggest some of
their implications. The simplest and most widely applied
graphs in business and project management are those plattinz
changes over time,
~ Some of these graphs will be illustrated in the course

of discussion of the current control systems,.

I1I. MANAGEMENT CONTROL SYSTEMS

" The major current control systems will be briifly
discussed and the strengths and limitations associated '
with some of the computerized information systems will be
noted. | |

~ A, PERT AND EXTENSIONS

PERT is probably the most common of management control
systems. This section assumes prior knowledge of the mechanics
of PERT and the goal of the discussion here is to examine
PERT as a management control proccss. Extensions of PERT

provide for control over cost, manpower and other required

resources.




1. PERT Computations

Figurc 1 illustrates a simnic network that is going ‘
to be used in developing PERT basic computation. For the .
sake of ciarity, verbal descriptions of activities and events
have been removed and evcnts have been designated numerically.
The three times estimates for each activity have been entered.
At this point, no computation of ahy kind has been carried
out, however, much useful information about the project can
be obtained from this network. The simple act of defining
s project in aetwork teams serves to pinpoirt areas of
critical interdependency and to provide manageable units
over which control can be exercised. Using only the network
shown here, the project manager is able to see which activities
can be carried on in parallel and which must follow sequentially.
He has a good idca of the time required by s given task and
s gross indication of the degres of uncertainty surrounding the
estimates given. This makes a contribution to the nanageaent
control proceoss,
Various measures useful to mangement in control of the
project can be developed using the data shown in the network.
Pirst, an expected timc for each activity is calculated,

based upon the three estimates given. The expected time

is defined by the formula:




This is the timc which stands a fifty-fifty chance of being
achieved. Also of interest is a measure of the unce.tainty
or variance associated with the three time estimates. Variance

is computed by means of the formula:

(V) Variance = (Pessimistic) - (Optimistic)

6
a . 2
0" [‘.‘P ‘o’J
6

Figure 2 shows the results of the calculation of expected

time and variance for our network. Given the expected time
fdr in'activity and a measure of the variance, certain
statistical inferences can ba drawn. For example, the
activity bounded by events 1 and 2 has a 50 percent prou-
bability of being completed in 20 weeks, a 25 percent pro-
bability of completion in 18.9 weeks, and a 75 percent pro-
bability of being finished in 21.1 weeks. The computations

inva;ved hore‘will be explained later.
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The nmext measure 1o be derived is the carliest time
cach eovent in the network carn be expected 1o occur, This
earliest expected tinme s the sum of the expected times of the
activities on the longest time path from the beginning of tle
Project to the cvent i question. In Figure 3, the earliest
expected time for cach event iz shown-above the circle.

Three paths lead foru cvers 1, the beginning of the project.
to event 6--the paths being 1-2-6, 1-3,2-6, and 1-3-4-6,

The longest of these is path 1-3-2-6, which requires 30.§
weeks, the earlject cxpected time for cvent 6, The earliest
expocted time for event 8, 36 weeks, indicates that completion
of the project canno: bLa expected before that time.

In addition to the earliest expected time, a latest allow-
able cime is computcd for each event. The latest allowable
time is the latest possible time as event can occur without
extending the total project time. It is calculated by taking
the sun of the expected times along the longest time path fron
the event being considered to the end event, and subtracting
this sum from the time the project must be completed. 1In
our network in Figure3, the latest allowable time are shown
below the cvents., Taking event 3, four paths lead to end
event 8. The shortest of these is path 3-4-6-8, which
has total e:pected time of 19 weecks. Nineteen is subtracted

from 36 to give a latest allowable time of 17 weeks,
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The diffcrence between the latest allewable and the
carlicst expected time for un event is thc amount of slack
associated with thut event. oiack is the amount of slippage
permitted an event before it extends the duration of the project.
Event 4 has seven wecks of slack, since it can occur anytime
between the sixteenth and the twenty-third weeks without
affecting the schedule. When slack for an event equal: zero,
the event lies on the longest time path through the network.
This patch is known as the critical path, since any
slippage in it will increase the duration of the project.

In our network, events 1,3.2,6 and 8 lie on the critical
path.

In our example, it was assumed that Ac delivery requirement
existed. However, if the project has to be completed by the
thirty-fourth week, 34 would be used as the latest allowable
time for end event 8. This would automatically reduce the
latest allowable times for all other events by 2, resulting
in negative slack for certain ones. When such delivery
requirements exist, the critical path becomes the one having
the least positive or most negative slack.

PERT also provides a measure of the uncertainty associated
with the attainment of designated events. Tt will be recalled
that the earliest expected time for any cvent had a 50-S0
chance of attainment. The variances computed along the longest

time path to an event may be added together and used to calculate
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the probability of veaching an event by any specified schedule
date. They can also be uscd to compute a date which can be
attained with any given level of certainty,

The calculations involved are as follows:

Standard deviations and variance of critical path activities:

Event Number Standard Deviation = Variance of
on Critical of activity activity
path v)
3 16 -8 . y.33 1.8
6
2 15 -8 116 1.4
6
¢ L) 0
6
s ‘ 14 -3 . 183 3.4
6

Total variancen along the critrical path - 6.6
Standard deviations for the final event = {6.6 = 2.8%
Critrical path = 3¢ weeks

Assuming we want to reach our final event in 34 weeks

z2sT¢ " Te o 34 -36 -0.78




- 17 =

Referring to tabics of the area under the normal curve,

the z statistic corresponding to the number -0.78 is approximatcly

0.22. This means that the probability of meeting the contract
time is 22 percent. In other words only 22 times out of 100
could management expect to complece the project on schedule.

2. PERT Output

The basic report typically includes the event numbar,
its description, the expected and latest allowable times
and slack. Where scheduled datcs are supplied, the probability
of meeting these is printed. The more sophisticated programs
provide for the inclusion of actual dates upon which are
computed. Several sort options are provided, so that events
may be listed in slack sequence, in sequence according to their
earliest expected time, or in sequence by latest allowable
time.

In processing the sample network, the evcnt-orientgd
approach was utilized. CPM and some of the newer PERT systems
use an activity-oriented approach in analyzing the same network.
Input requirements under either system are similar, with |
the minor cxception that activities are given a verbal
description when activity-oriented output is desired.

The relative merits of event or activity orientation can

be debated. As a rule, however, activity output will be of

brinary interest to personnel at the operating level, since
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their responsibilities are defined in terms of activitices,
while event output will be most useful to top management, which
is éoncerned with attainment of major milestones in the project.

One of the most challenging aspects of developing a useful
PERT system is the necessity for sifting through the vast
amount of data that can be generated and extracting that which
is meaningful to management, The typical PERT program, with
only the slightest eéncouragement, will spill out pages of
output by the thousands. It is obvious that discrimination
and selectivity is needed in order to adhere to the principle
of management by exception.

The problem has been attacked from several directions.
Probably the simplest approach has been to pre-define certain
events in the network as being of interest to & particular
level of managment and to code the master records accordingly
for report purposes., Another way has been to portray the
output graphically, to produce a quick visual impression of
Project status. Flagging of particular exception itenms,
such as unreported or overdue occurrences, has provided
@ useful checklist for the pProject manager. Finally, some
elaborate index systems have been developed, which computer
8 criticality index for each activity ay means of a weighted
combination of such measures as negative slack, low probability
of attainment, and high variance in time estimation,

To be specific, the types of PERT nctworks used in
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weapons systen requisition arc listed below. Various lcvels
of management and numerous interrriationships among firms,
agencies, and military offices are usually involved in project
system control.

In such an environment, with its variety of demsnds,
a single network often will not suffice. Accordingly,
variations have been evolved to handle various aspects of the
planning and control process.

a. Detailed and Operating Level Networks

Generally, each prime or associate contractor constructs
and uses a network that covers his individual sphere of program
responsibility. 1f a portion of the project is subcontracted
to another firm that subcontractor in turn may be required to .
construct and use a network for his portion of the project.
These networks are constructed in considerable detail and
frequently comprehend even rel .tively minor a tivities and
events. Such networks are utilized by operating networks,
or detailed networks. In addition, since they often cover
only a fragment of a project, NASA has referred to them as
fragnets (fragmentary networks).

b. Integrated Project Networks

The detailed operating networks prepared by the separate
firms and agencies may be comhined or integrated into one

comprehensive network cncompassing all cvents in the entire

project. Although perhaps not directly involved in detailed
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operations, the office involved can exercise managment surveillance

over the progress of the entire project through use of this
integrated network.

C. Condensed or Summary Networks

Generally, detailed networks contain too much operating
data for top Project managment or other interested pa:ties -
monitoring the Progress of the program on a nore aggregative
basis. To accomplish this, a Summary, or condensed network is
constructed which eliminates much of the detail, yet retains
the events of major significance. Such networks frequently
are displayed in Project control offices.

Accurate translations of activity time estimates nust
be made when the operating netwofks are either integrated
or condensed. The integration and condensation processes
involve 1dentifying, recording, coordinating and storing
interface events, Various computer routines are being developed
to accomplish this complex and vital task. The relationship
Among these various forms of networks {s indicated -n Figure
4. This diagranm depicts condensation of networks prior to
network integration. Either condensation or integration can

occur first depending on the requirements of the Jevels of

program management,
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3. Management Action

The success of a functioning PERT System should be gauged,
not simply by the quality of the feports it outputs, but rather
by the management response it stimulates., A good PERT reporting

system will cal) to managenent attention areas in which scheduled

Project objectives are being threatened. Management, then nust
take the necessary remedial action,

N¥hen it becomes Spparent that a schedule requirements cannot
be mct under the existing plan, it becomes necessary to devise
8 new plan. Activities along the critical path must be analyzed
from two points of view. First, there is the possibility that
certain sequential activities can be performed in paralle],
Originally, aétivities might have been gcheduled sequentially
to provide assurance that a previous task was perfcrmed suc-
cessfully before procceeding to a subsequent task. It might be
possible to schedule these simUltaneously if the project manager
is willing to assume the added risk,

The second and more usual alternative is to divert manpower
or other resources from activities with large positive slack
to those with 2ero OT negative slack. The report showing activities
sorted in slack sequence is very useful to the manager in determining
the‘lost felsiblé exchanges. 1In making thesc exchanges, however,
he must ascertain the effect that they will have on the total

network. As the critical path is shortened, an other path may




become critical and in turn require attention. The usefulness of
haveing a ne:work model of the p oject is appAar nt at this point.
The network can be processced by the computer as if the contemplated
changes had actually been made and their full consequences can
be projected. When used in this manner, the network becomes a
simulation model.

By focusing management attention on activities that lie on
the critical path or on near-critical paths, PERT relieves the
manager of the vurden of closely auditing the 80 to 9C percent of
activities which do not dircctly influence the duration of a project.
It truly allows management by exception.

4. -PERT Extensions

The term PERT alonc is generally associated with planning and
control of the timec variable only. This forms the basis for &
complete project control system, however, it can also provide
the framework for extensions which allow control over other elements
much as cost, manpower and other sources,

PERT/Cost

In general it is necessary to weigh the costs attached to 8
project. Even when time is the overriding factor, costs considerations
must be included. |

The PERT/Cost procedure requires 8s input cost data in addition
to the time date rcauired by basic PERT. This cost data is gencrally

collccted for small groups of related activities rather than

for single activities, so0 as not to impose an unduc accounting
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burden,

Cost estimates are obtained only after a satisfactory schedule
has been developed, since any schedule change will normally affect
cost. Labor is estimated hy entering the manhours required for
each manpower skill category. The Computer converts this input
to dollars by applying the appropriate labor rates. Material
costs are estimated and overhead factors added. As the project
Progresses, actual accrued Costs are gathered for each cost
collection point and revised estimates are submitted as required.
A number of useful and informative reports can be generated from
this data. The basic output is a status report, which combines
time and cost data for each cost collection Point. This enables

the manager to identify activity groups which are contributing

also to compare the time and the cost status of any given activity
group.‘ In addition to the‘output obtained from a time-oriented
network, this report shows the original cost estimate; the actual
costs incurred; a revised estimate, if any; and the anticipated
overrun or underrun. Provision is made for summarization of the
time and cost data at various levels, so that each level of
Banagement is presented only with that amount of detail with
which it is directly concerned.

A projection of manpower needs for cach skill categdry is

developed by the computer. The time analysis of the network is
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used to determine the calendar period on which each activity will

fall. The estimated manhours {ur ecach activity are then distributed
by calendar period within skill catcgory. The summarized results
can be displayed in graphical form (figure 5.).

This projection is useful to the menager in predicting peaks in
requirements for particular manpower skills. When future demand
for a skill exceeds the avajlable supply, some action must be
taken. The situation might be relieved by rescheduling activities,
by adding over-time or by hiring additional personnel. The extent
to which any of these alternatives serves to alleviate the problem
can be predicted by utilizing the simulation facilty of the
computer program.

in most projects, manpower constitutes the most important
resource. Frequently, however, other resources play & critical
role in the achievement of project objectives.

These might be machines, t\stihg facilitics or computer time.
Where there is a possibility of an overload on any of these facilities,
a projection similar to that shown for manpower can be made.

Cost requirements for a project can also be projected in this
same way. When costs are distributed by calendar period and
accumulated, estimated and actual payout curves can be plotted

(figure 6). At the beginning of the project, this projection

is useful in determining the funding requircments of a selected
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schedule, sc that the necessary money can be provided at the proper
time. As work proceeds, the acturl payout can be comparcd with

the budget and the projccted needs can be used as a basis for
revising the funding scheduie.

Cost-Time Balancing

Selection of a suitable for a project generally involves
consideration of numerous alternafives, each with a different cost
picture. Choosing the schedule which provides the bést balance
between cost and time is an arduous task when attempted by
trial and error, and it is not surprising that computer techniques
have been developed for this purpose.

Most activities involving manpower reveal a direct relationship
between cost and the time required for conmpletion. Assigning
additional personnel or scheduling overtime normally reduces the
time requirements for an activity while incurring incressed
costs. Cost-Time balancing progranms require two estihates of time
for each activity and two of cost. Normal cost 1s defined as the
minimum cost for a job, with normal time being the associated
minimum time. Crash time is defincd as the minimum possible time,
with crash cost b§ing the associated minimum cost. For example,

a job might normally be completed in six weeks, at a cost of $3,000.
Expediting this job, so that it can be finished in two weeks,

might involve 2 total cost c¢f $7,000.. The latter is the crash

time and the crash cost. Fipgure 7 shows this relationship. The
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line connecting normal ard crash §1lustrates the assumption
that there is @ cost corresponding to any time between normal and
crash. |

A normal time and cost for the entire project can be obtained
simply by summing the normal time and cost estimates for the
network. To calculate the total project cost for shorter times,
the critical path js examined and activities with lowest time per
dollar ratios arve expedited. As the time required along the critical
path is reduced other paths in turn become criticsl snd they too
are examined. sufficient points are obtained in this way to
plot & direct cost curve for the entire project (£igure 8). The
addition of a manually evolved indirect cost curve gives the manager
all the information he requires to select the project schedule
which most closely balances his cost and time objectives.

B. STATUS INDEX

A second management technique is known as the Status Index.

The Status Index permits (i) measurement of the adequacy
of technical performance for the moncy spent, (iii) details to
jdentify trouble spots, and (iv) forecasting of trouble spots.

The index is derived as follows:

Progress = Budget JStatus Index
Scheduled Progress Actual Expenditures Number

The basic relationship is hetween the budget (input) and

progress (output) . Consider the following:




m,
T

M = e ————— W} —Z—-x-s—..°
Input 6 million g 10 6

a
S ™ ITTon Ep
where g » actual, p = Planned, T = time in months, and § »
éxpenditure in dollars,

This index in itself ig only usefulto indicate (1) status and
(i1) status related to some Prior period (better or worse). To
deternine where Banagement attention is ncodca,'progrcss can bde
Beasured in torms of‘thc limiting Path or the sStrean of related

8ctivities whose Progress is slowest in relation t¢ the other
related efforts in the program.

Por Bxample:
Project/Task Slack
Overall Project Summary -8
Bffort A ‘ -3
Bffort » -2
Bffort ¢ -8
Bffort p . -§
Effort B ' +1
Bffort N : -3

Bffort C is the "slowest" gand therefore is the pProject limiting

effort; that is, the area where Management attention is mogt
hecessary at the time the reading is taken,
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The progrcss/schedule variable in the equation can be written:
e (1)

where B = effort (in weeks), T, = planned project time (in weeks),

and Sw = slack (in weeks), or

when using milestones instead of slack:

B, - B
> @

Tw

where the variable B, (weeks behjnd schedule) is used instead
of s , or when using time to date; that is, considering the total
program instead Qf plnnned total project time:
B .
X ‘ (3)
B, - Sy o

Consider now the original equation:

Input . (N) x Budget
Output Actual Expenditures

where (N) - equa;ion 1 or 2 or 3.

The Status Index can be applied at any 1evel of detail in the
work breakdown structure where values for the vnriabios cited
above can be jdentified and substituted in the equation. Indicated

below is the relative criticality with reference to progress

versus cost by level of effort.
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Status Index 'nd Item End Jton S/D Remarks

1.2 2 2.1 Possibility of
oXxCess TQSOU!'CQS

0.9 3 3.1 Normal
3.3 variance
3.4 range
0.8 4 1.2 May require more
1.4 resources
2.2
2.5
0.7 1 2.6
0.6 L l-aadlato'utalge-
ment action
required

After initial fluctuations have dampened out, the least squares
method or 4 similar techrique can pe used in the Projection. 1In the
example above, .95 i the projected index, which means 100/95 of
the origina) estimated cost or @ 5.3 percent overrun will be

required to Complete the project.

Predicating trouble arcas can be accomplished through the
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ZP E
where:

7 = technical porfornance'

A = actusl
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P = planned
B = budget

E = éxpenditures
If, for eéxample,

and the budget expenditure ratio

is 3/2
is 2/3 x 3/2 « 1.0,

» the Perforaance Index

b )

Task P-C Index PR-C Index
Menmory .7 9
Processor 9 8
Input/Output 1.2 ' 1.3
Power 1.3 S

The

above relationships would suggest that,
» tTue progress is behingd

unfavorabie impact op cost.
Progress,

milestone progress'with 8 related

Consistontly higher Performance over

45 indicated ip the power supply,

might bc':yaptoaatic
of Overdesign,

@ program Manager, so he can he
Other technique that can help to

expedite itg conversion into prog

ran management action,
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FIGURE 10+
Consistently Pessimistic planning
1.1 X X x x x-
1.0
9 . ® ® .' ® ®
Coalmcnt!y optimistic planaing

FIGURE 10-¢
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Beginning at the right with the acceptance of the gun, the lead
times for these groupings are shown graphically against o time scailc
at the bottom of the chart. All time relationships are expressed
as planned lead time prior toO final acceptance of the gun, and
machined parts made from these are required 2 1/2 months prior
to the final acceptance. Remote control units are required 2 months
prior to f£inal acceptance. Final assembly starts 2 weeks previous
to acceptance and is completed in one weck, leaving one week
for test and acceptance.

Management can inciude in this type of chart as much detailed
information as is desired.

2. Cumulative Acceptance Versus Schedule. The next step

{s to prepare a line chart (sce figure 16) showing on & time scale

the cumulative production schedule. Cumulative gun scceptunces are
plotted against this schedule. This line chart shows there was

a scheduled production, as of 1 March, of 15 guns. This has been
exceeded by 8 guns, and thus the manufacturer has gained approximately
s week's time in his scheduled production.

3. Determination of Balance. Before proceeding to figuré 17,

a basic prenise pust be noted. Throughout this technique all figurcs
arc expressed in terms of end-item sets. For examplc, if ten
bearings of 2 specific type are required to produce one end item,

1,000 units represcnt 100 end-item sets of these bearings.
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The third and final part of the graphic technique is 8 bar
chart on the same yertical scare as is used for the cumulative
schedule. This bhar chart has provision for as many bars as$ there
are control points in the flow chart below. These bars are keyed
consccutively by nunber and color to the control points.

The first step in determining how the company stands with
refercnce to its planned production schedule 1s to establish a
»iine of balance' (sce £iaure 18). This 1line of balance shows
the desired status for cach of the control points as of the dnté
of observation. For example, as figure 17 reveals, gun sets of
forgigs, castings, and extrusions (Control Point No. 1) are
required § months ahead of final acceptance. Therefore, starting
on the cumulative acceptances versus schedule chart at the point
of observation, which is 1 March, we count to the right 5 months,

or in other words, to the first of August. An imaginary line is

drawn from this point vertically to the cumulative schedule; next, thi

point of jintersection is projected horizontally to Bar No. 1 on
the bar chart. Thus, as of 1 March, 315 guns sets of forgings,
castings, and extrusions should have been produced. Applying the
same technique to Taw materials (no.2) wc find from the flow
chart that they are required 3 1/2 months before acceptance of
the gun. Therefore, we should have reccived by today sufficient
raw material for the cumulative numher of guns which are planned

for acceptancc by the middle of Junc. [In the same manner this

js projected across to Bar No. 2.




ic

This is continucd until we have achieved a somewhat irregular
set of "stair steps" lcading downward to the right across the face
of the bar chart. This line is the line of balance for the
various components under observation as of 1 March. This same
technique also can be applied to ascertain what the line of balance
should be as of 1 April, 1 May, and so Eorth. These lines are also
shown on figure 17. Note that during the build-up period, the
procurement function accelerates at a much greater rate than does
final acceptance.

4. Status Versus Line of Balance. After the line of balance

has been established, it follows logically that the nctuai status
of each control point should be plotted. Figure 18 presents these
data,

As mentioned above, sll materials, components, and major
assembly operations are grouped in homogeneous categories.
Therefore, the procurement status of every individual part in
the end item is not considered. Rather the height of the bar
for each control point is determined by the cumulative receipts
(less rejections) of the least availsble item within each homoge-
neous group as of the date of observation. This sumulative
quantity is always expressed in cumulative end-item sets. The
basis for this control by least availahle items is the fact that
production of cnd items is conditioned by the least available
part received. For cxample. no more complete guns can be built

than recoil mechanisms received. Thus, by this method the coordinatin

levels of management are given only the information on those




things which will limit produccion. This peruits management to
measure the deviations from plan and avoids unnecessary detail.

Analysis. In analyzing the situation in X Company, it is
apparent that, although guns have been produced ahead of schedule,
forgings, castings and extrusions have peen produced in insufficient
quantity to provide for scheduled production. It is evident that
if this situation is not corrected, the scheduled production for
July has been lost. Management, therefore, has four months in which
to take corrective action such as bringing in extra capacity.
operating additional shifts, or seeking outside assistance.

Raw aat;rials and pruchased standard parts, Bar Nos. 2 and 3,
respectively, show an excess of receipts in terms of lead-time
requirements.

Bar No. 4, gun sets of hydraulic fittings, ls behind schedule
and badly out of balance.

Bar No. 5, machined parts, is also below the required balance
figure. This is probably a result of the already observed
jnsufficient production of forgings, castings, and extrusions from
which they are madc.

Outside purchased parts and minor assemblies, Bar No. 6,
are 10 guns short of required balance and should receive attention.

par No. 7 shows that the recoil assemhly is in balance.

Bar No. 8, representing government-furnishcd ecquipment (exclud-

ing remote control units), is in trouble. Some ltems of govern-

ment - furnished equipnent are being installed as fast as thcy are
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received. This calls for a detailed study of the individual items
to determine which of them constitutes the bottleneck and what is
causing this short supply.

Bar No. 9, remote control units, and Bar No. 10, eclectrical
system, are both in balance.

Bar No. 11, the automatic loader subcontracted to 1 Company,
has not been received in accordance with the planned program.
Steps should be taken to find out the difficulty of this company
before the greater demands of scheduled build-up in production
cause the situation to become an acute problenm.

Bar No. 12, representing the sets of chassis subcontracted to
L Company, shows a very poor performance on the part of that company,

All other factors are in balance with the possible exception

of the beginning of final assembly, which shows that aithough X

Compaqy is ahead of schedule on complete guns, it is failing to

start gun units in final assembly on scheduled time. This

will result in a failure to maintain its present rate of production.
To summarize the findings--although X Company has been exceed-

Ing its schedule to date, it is not going to be able to continue

this status for long. Several indications are shown of failure

to build up to schdedule monthly production within the desired

time limits. Action should be taken to accelcrate the procurcment

program,
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Submission of Narrative Summary and _Analvsis. When data

are submitted to keep d chart current, particularly to military
echelons, a brief narrative summary and analysis should accompany
the information. The purpose of this summmary is to:

--1dentify the low item in a homogcneous group.

--State briefly what difficulty is being encountered on the
1“ 1teﬂ. ' N

--State what corrective‘action is being taken and when results
may be forthcoming. If the groblem is outside the contyol
of the contractor, specifiy briefly what assistance is
needed from higher echelons.

.-Submit sny other pertinent information or problems which
the manufacturer or a military echelon desires to bring to
the attention of the next level of management. '

The snalysis should not be restricted to problems shown

on the charts. ltAshould include snything that may ﬁive an adverse
effect on end-iton!output. In addition, the latest production
forecast for at least the succeeding two months should be subnitted.
Finslly, the snalysis should contain only information of value

to the receiver. If no information in addition to the dats is
necessary, none should be submitted.

G. NASA PERT and COMPANION
gggT SYSTEM
The NASA PERT and Companion Cost System, first implemented in

1962, vas desipgned as a total management system utilizing the
existing NASA management and administrative tools snd processes.
It is s relatively straight-forward, disciplined Planning, control,

and reporting instrument for the NASA project manager. Its basic
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theme is that the total project managenent can he achjicved on]f
if the three interdependent variahlcs—~time, resources, and per-
formance--are managed on a common framework which classifics
all work elements of the project beginning from the top and
breaking down to successive tiers representing systenms, subsystems,
and so forth, which make up the total project, This pyramidal
management framework is the Project work breakdown structure.
The system requires the establishment of project master plans for
resources and schedules directly related to the work breakdown
structure.

The nature of most NASA projects is such that the total
Project effort is represented by a combination of the efforts
is represented by a combination of the efforts of several major
contractors, as well as a significant amount of NASA in-house
effort. A primary respensibility of the NASA project manager
is to integrate these efforts into a coordinated total project
plan, monitor and guide the execution of this plan, and provide
redirection as required. Consequently, the NASA PERT netwcrking
philosophy is that there will be "one overall network" which includes
all efforts, in-house and contractor. Ip large projects, it becomes
Physically impractical to show the total NASA pProject on one
Piece of paper, and it is broken down into smaller portions
called "fragnets" which are derived from the work breakdown structure.
These fragnots are interconnected in such 8 way that data can be
Processed separately for oach fragnet, ior groups of fragnets

Terresenting a particular contractor's efforts, or as a total
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project network. The structuring of the fragnets 1is accordance with
the work breakdown structure will result in systems oT end-item-
oriented networks.

Cost and financial planning and reporting against "sub-
divisions of work" and "elements of cost" for the total project
effort include both contractors and NASA 1n-house work on the
project. Both types of cost data are related to the common project
work breakdown structure. It is noted that the companion cost
system is not limited to use with PERT but can be used by itself
or in conjunction with any other NASA time-oriented system, such

as milestone reporting, line of balance, and so forth.

The minimum acceptable jevel of time/cost correlation for
any project is to establish fragnets and subdivision of work cost
accounts at the subsystem level (that is, structure subsystem,
telemetry subsystem, and <o fovth). Using the work breskdwon
structure, a separate frganet and a corresponding subdivision
of work cost account is established for ecch subsystem. In this
way, all the effort associated with a particular subsystem, 85
reflected by activities on the subsystem fragnet, is charged to
its corresponding subdivision of work cost account. Interface
activites botwecd frapgnets must be identificd as being charged
to onc of the two corresponding subdivisions of work cost accounts.
Examples of the master schedule, master financial plan, and
management summary reports of the NASA PERT and Companion Cost Systen

arce prescented in figurcs 19, 20, and 21 respectively.
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gross level, although broad in icope, allows the calculation of
trends of contractor effectiveness in fulfilling the cost and
schedule requirements of a contract. In addition, it provides

the basis for predicting shifts in project funding requirements from

the original plan; for funding for a set time interval, such as

a fiscal year; and for predicting the to%al run-cost of the project

according to the PERT expected date for project completion and the
contractor performance to date.

The unique feature of PACCT is the computgrized method used
for assigning the planned cost of a project to the individual
activitigs of the project summary PERT network. Once this initial
assignment is made and each activity is costed, the PERT/time network
is updated to reflect changes to the baseline plan. A new cost
allocation and phasing is calculated for each update based on
the network changes. Adjustments to the original planned costs
aroﬁuade according to two considerations: (i) for a given change in
the elapsed time required for completing an activity, a proportional
change is made in the dollars required for the activity; (ii) N
future cost projections based on the latest PERT plan are adjusted

by an index of contractor performance to date.

IV. STRENGTHS AND LIMITATIONS OF CONTROL SYSTEMS

Manys strengths and limitations are. associated with computerized
management information systems and derivative systems--far too
numerous to attempt to catalop here. Relevant cxperience, however,
has been summarized recently by using, and this cxperience can be

epitomized in a few brief comments on PERT/Cost. The following have
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been cited specifically as cipnificant advantages in the PERT
discipline:

--1t permits work brecakdown structure.

--It permits effective integration of cost and time.

--It permits management hy major significant exception rather
than by exception only.

--It permits effective quantification of uncertainties.
--It is eminently visible.
--1t lends itself to the management cycling process.

- -The work breakdown structure is predicated upon true and

discrete total management at each tier in the work breakdown

structure. Each manager is accountable for cost, schedule,
and performance.

Significant 1imitations have also been cited in the PERT
discipline as it is known today. Some of the limitations cited
are:

. -PERT is diagnostic; it deals only with effects, not causes,
therefore, it is not corsistent with entrepreneurial objectives
of buying cheap and selling dear.

--PERT is not consistent with entrepreneurial objectives of
buying cheap and selling dear.

--PERT supports the fiction of resource flexibility.

--It segregates planning from scheduling; effective measurement
against a plan postulates schedule-costing, not objective-
costing. Scheduling is not a progran management function;
it is a general management function because although the
project manager can plan his project through the elapsed-
time phasc, he does not own the resources he will need to
complete the project successfully. He is dependent upon
a pooled work unit.

—-Project'manugers are frequently distracted by the slack-
time fiction, so they arc managing residual time, not the work.
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--PERT never converted information to knowledge. Parenthetically,

we might ask if it ever could be expected to do so.

--Critical path is a misnomer. It actually is the elapsed
time-determinant pa‘h, and it is only critical if it turns out
that way.

Thgse, then are some of the strength and limitations of the

PERT system, as seen through the eyes of those who have witnessed

the evolution of the PERT discipline and the evolution of many more
PERT extensions. It has been suggested in the past that one of

the major limitations in project control is the failure to get enough
information to the right people in time for them to take corrective
action,

Operating reports should be developed according to areas of
responsibility. The PERT/Cost output reports sare so structured, but
satellite and derivative systems frequently lose the inherent '
organizational rclationships that the PERT/Cost system utilizes.
Repo}ts on the operating performance of a particular manager should
cover only those items for which he is responsible or should clearly
distinguish between such itcms and thos beyond his control.

The level of responsibility to which the report is directed
should dictate, to a considerable extent, the form and content of

the report. To illustrate this idea, consider only the operating

costs inherent in a single department during a month. The cost

reports submitted to the department supervisor should detail the

individual cost items, classifi~d as controllable and noncontrollable.




These reports should indicate both actual and Ludgeted costs for

the month, and possibly the year to date, and the resultant
variances., If preferred, noncontrollahle costs may be omitted from
the report. The report submitted to the plant manager OT the

general manager will include cost data for all of the departments

in his plant. These data may be summarized simply by broad
functional classifications, suﬁh as materials, labor, and overhead,
variability or fixedness with respect to volume, and controllability.
The report submitted to the vice president, for example, may

include summaries of cost data for several departments. The data

for individual departments within a plant may not be identified
separately at all at this 1vel of responsibility. The vice president
is not the one to take action to correct excessive material usage

in a department--there is no point in cluttering his report with
such detailed information. ‘

Although reports of operations directed to iower levels of
management should clearly distinguish between controllable and
noncontrollable data, they need not omit the latter. As a matter -
of fact, inclusion of information that is beyond a manager's
present scope of responsibility may expand his perspective of the
firm's operations and, thus, help him prepare for broader managerial
responsibility in the future. Also, reports to a manager with

operating results of other divisions as well as his own may help to

stimulate hcalthy competition among divisional managers. This may
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be particularly beneficial in connection with sales divisicns. Care
must be exercised, however, to insure that such competition does

not improve divisional performances at the expense of optimal
company profit. This same rationale is applicable to program
management within a single division. The program manager is
responsible for planning his operation and planning the work load,
but he does not own the resources he will need to successfully

implement the program over its life cycle. This latter function

belongs to general management.

Managument by exception is an approach to management that
focuses attention on situations and operations that deviate from
plans or form normal conditions. It is predicated upon a belief
that management's limited and costly time is best spent in matters
requiring corrective action or other improvement, not in reviewing
satisfactory performance. Regular reports of operations, there-
fore, should be so constructed as to draw managemeht's attention
to variances beyond the established rafige of tolerance, for these
are the variances that call for manageriel action. This may be
accomplished by placing such variances in a special column in the
report or by pﬁtting some identifying mark next to them. The
importance of reporting exceptions does not mean that satisfactory
results are unimportant. Management, naturally, wants to know the

results of operations, whether good or bad, but the bad results

should be clearly identified.
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V. CONCLUSION

Because the U.S5. Government has provided important leadership
in the development and use of network-basic management systems,
the report formats of the government system (Department of Defense
and NASA) are used for jl1lustrations in this paper.

study of there reports will convey a good understanding of
the government approach, but 8 potential user, specially in developing
countries, will also need to study the problems of jmplementation
and to tailor the system tO cuit his specific situation.

One particular technique; PERT/Cost is considered most complete
and comprehensive management information system for project
mnagemént.

Even though PERT/Cost is a highly complex management s'ystem.
yet it summarizes information on a timely basis and presents it in
a decision-making form. It allows for the analysis of information
presented at the level of detail required and r *lated specifically
to the responsibility of the individual who will be using the
information for decision-making purposes. Consequently PERT/Cost

reports present information for top-level management , middle

management, and first-line management.
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U.S. Governiment PERT/COST report

formats and explanations

Because the U.S. Govermment has provided important leadership in the develop-
mont and use of notwork-bised wanageInent cystems, the report foruats of the
governmunt system are presented in ths appendix, with the oflicial definitinns and
esplanations. Study of these 1cports will convey a food undenstanding of the govern-
ment approach, but 2 potential wser witl also need to study the detailed implenent-
ing procesnres o ovided by the various bLranches of the goveinment in ordur to be
sblc to comply fully with specific contractual reguirements.

This Appondix is a condenation of Supplement No. ] to DOD and NASA Guide,
PERT/COST Outpne! Reports, Pert Comdinating Group, Washington, D. C., March,
1063,

FOREWORD

These uniforns PERT Cost Outpt Reports have been developed Ly the Techuical
Subcomnittee of the Inter-Agency PERT Cuordinating CGroup and are bused on
thase contained in the 1DOD and NASA Guide, PERT Cost Systens Desiyn, June
1962. The document represents exprrionce from the Mauler, TFX, and Navy Tmple-
mentation Teams as well as the Air Furce Systoms Comunand, Anmy Management
Engincering Trainivg Agency, Burean of Ships, National Acrimautics and Space
Administiation, Atomnic Faeorgy Cotnaision, Federal Aviation Agency, and shnilar
organizatinns and agencies. '
The forun have becn approved by the PERT Cuordinating Gronp and have heen
authortacd for e on current vontracts of the Department of Defense including:

TFX, Mauler, Snbioc, ‘Titan T MMREM, Ladee, Polaris, veitain contracts of the
Burcau of Shipy covered by a wilitay specification and previosly authorized by
the FERT Coordinating Gronp. :
Burvau of the Budgt Sepabier 2010 296 4 wott o vized for s puspase.
3t is the intent of the: PEIRT Cuordinating Group that this docnment can $eve for
agemy members as an exhibitina contract, & reference of the busis of a specifica-

tion. The Navy Specilicution No. Mil P-23189A(Navy) 25 Oct 62 is belng revised to
twcorporate these forms. . . .




PERT COST MANAGIMENY SUMMARY REPORT

The PERT COST Manageinent Sununary Report shows cnrrent wrd projected
schedule and o * statns of the total program and of cach of the major componeist
Hems or glewmes.s withine the poganm. The 1eport s prepared al several levels of the
work breakilown structure and for all cuntracts or a specificd combination of con-
tracts, depending upon the weeds of management. The report may be machine pro-
tced, bmt when it is mamally preparcd, the wecessary information is derived from
the Program/Project Status Report.

The first linc of cach report shows total costs and significiat schedule information
for the sunimnary item alown in title block (. Subsequient lines show cach subdivision
of that sutmary itewn at the uext Jower level of the work breakdown structure; thus,
cach page of the report shiows the time und cost status and all the next level backup
nformation for a single sumnary iteni. Since cach page of the report is a concise
summary of onc clement of the program or project, the report is usnally divided for
distribution to appropriate government and contractor managers.

PEFINITIONS PERT COST MANAGEMENT SUMMARY REPORY

® The designation of the total (or a part of the total) system program or project
that is ideatified with the reporting organization. For example, if reporting organiza-
tivn XYZ has the Missile and GHE part of weapon system ABC, the program or
projoct definition would read:

ABC—Missile and GHE

® LEVEL/SUMMARY ITEM: The level number, noun description, and summary
number of the summary item for which the report is being prepared.

® REPORTING ORCANIZATION: The name or ideuiification of the organiza-
tion responsible for the work identificd in the Contract Number @ and Pro-
gramn/Project (D blocks.

® CONTRACT NUMBER: The numeric designation of the contract(s) of agree-
nwnt(x) included in each report (c.g., 33(600)28369A). When a report is prepared
fo: a lurge progran or project, seversl vontracts may be inchwded. Therefore, each
tontract number (or its representativc code) would be indicated in this space. It
may be noted that by sorting on contract number, a report can be prepared for cach
ndividual contract.

©® KEPURT DATES:

Term (spun): The beginning and ending dato for the total increment being cavered
I the report, For exmnple:

1 Jan 62 to 31 Dec 62
Total Program (Project)
Contract
Cut off dute: The accounting el off date for the period of actual costs Leing vo-
poited.
Relrase date: The date that the report is to be released to manageient. In the
event of subscepient rerun and redistribution of reports, it is permissible to suffix the
seport velease date with a revision mnnber.

® ITEM: “the bevel mmiber, wom desaription, and swaaiary samber of vach swin-
weary item on the woik breakdown stractine for which time inforasation awd cost
wionuation are presentes] in the repeet. The first jtem shown is the highest item for
which the particular report is prepared and shonld he identical with the itens iamesd
in the Lavel/Soamary em block @ “ilace lines are available for cacl item deserip-
tinw, and, if necessiry, the top line may be extinded intathe Cost of Work eolmans,
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Q) vALULE (\\'ull Performed o D Mie tntal plaw A cond for work (mup‘rlml
within the snmaay eny, Vi valoo e deternuned by st the Planned Cint (9
far cach vompletrd work packagc Haw Otk Pachape i I PROCess, the past of its total
plamicd emt which wpplivs thwort opleted n approasiated by applving the rabio
of Avtial Cost (9 to Latest Rovieed Eatiae @) for that work g Lape

() ACTUAL COST (Work Pafuimed to Prate). The actual expenditures mewred
phits any prespecilod types of whigeidatad cosamitorens (mtngndated obugdions
or averoed hahikitics) i ged or avsigined o the woi b padhipes witln the sunnnary
TS ITH

® (OVERRUN) UNDERRUS Wik Perioned ta Datcy. The Value O for e
work performud to date mines the Actual Cost (O fon that same wark. When vadoe
exceeds actual cost, an anilerrm, condition exists, When actid cost Ocveds vahwe,
an overnm condition exists. “The (overnu) vudon s who expressed as & perecntage
af the value of work pevionued to date immediatdy alove the dallar amunnt, Puren-
theses are md an uetational tlevies o indhowt e overmuas. (()wr)nml(*rnlns i excess
of one Lillion dotlars pring 0,51,

@ PLANNED COST CTotads @t Completion): The approved planned cot for the
total sunmuary iters Thivis the tutal of the planned costs for all work packages within
the ssmary item.

@ LATEST REVISED ESTIMATL {Tatals at Camphtion): The kitest esliniate of
cent for the tolsl smunsny item. Tlus estimate §s the sum of the actual costs plus
estimatos-to-complete fo- A the work puckages in the sumnaey jtem. This extimute
is abw known as anttipated ot cont. For a complirted itew, the latest sevised esti-
mate cquals the Actmal Cost ®.

@ PROJECTED (OV LIVREN) GNDERRON (Totals at Completion): The Planned
Cost @ minus U Latest Revised Estimate (@ for the total summary e, Whes
planicd cost exceeds Jatest revised estate. & projucted undormn condition cants.
When latest pevised estinate exceeds planned cost, & prajectcd overran comdition
exisls. The projected {ovenu) wnderun i also expressed as a percentape of the
planncd oo aanedintely abuve the dollar amount. Pareutheses are nsedl s o nota
tional deviee to indioaty (overuadamws, (Overjundernms in cxarss nf vne hilkion
Vot print as QUL

® MOST CRITICAT SLACK ( WEEKS): The slack, in weeks, associatal with the
“k undd “L" notations shown i the Schiedale Completions section @, This wepre:
sents the worst stack (least algebraic) with respert to designated progrum oF projuct
end puints for any of the activities within tha summary tem.

® COMPLETION DATE: The day, mnasth, and yuar ofthe "8, A" E," and "7
positions shown in the Schednle Conyiletions & tion @.

® SCHEDULE CALENDAR: A calemdar e reference for display of scheduke
completions. The dendar contains o division for all prior years, two yems divided
by woths, four years tiy years, andanc divisim for alklater years. When the calendar
is printed by » campuler, PNE spaee is left between the monihs before and after the
Cut Off Date ®. A "Time Now' line is printed in thiis spoce. 1 the cut otf date falls
between the 10th andd the 30th of o aeith, that month is convith red to be the “past
month” aud it appuais the teft of the Time Naw fine, H the cnt vl date falls be-
tween tho 1st imd 10th of 4 manth, that month 1 conaidercl to be the “uext futnre
month’” and il ajpears 10 the right of the Tiue Nuow line, Fach yoar the calendar s
adjisted 30 that twn years, by months, appear abead of the Time Now e,

@ SCHEDULE COMPLETIONS: Twa types of seheduliz compl tians ere displayed
in this section:

a. The schednled {S) or actual (A) completion of il work contamed within the
sumupsiry it shuwu in the than valmnn,

b. The canliest (1) aud Latest (1)) caplition for the must eritiond s viement
or offurt with 1cspeet 19 deshgtid progrun of project end points within that swm-
mary ilew.
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The syinbol 'S “is nsed to show the ~chedated eotpletion date of alt work witln
the itemn. The 'S s locate uader the calendar position of e dicected dare (Tp) or
the schieduled completion date () 1f no 15 is establiched for the Last activity within
the sumnary tem. 1 Ty has not been establishied for the end of the totabitew, “S™is
placed at the calendar position which repesents the enliest completion date (o)
for the lust activity in the item. When the total iten has beea completed, the symbl
“A” is placed nnder the calendar position of the actual completion date for the
ftem.

The “E” and “L"* symbols icpresent the carliest completion date (S,) and latest
completion dati: (S¢) for the mos! aitical seheduie clement or effort within the item
with respact to Jesigoated program or project end points. The most evitical element
within an item inay or may nat be the sune as the last scheduled item. This will
depend ou whether there are critical interfuces within the item which pose (nore
serious cunstraints from a program or project point of view than the conpletion of a
total item itsell. “The 1nost critical element is the nne with the worst stack (least
algebraic) within the ftem. The "E” and “L" pasitions, therefore, portray the carlicst
completion date and the latest completion date for that artivity within the surmary
item with the worst slack status. When several activitics have the sarne worst slack
condition (for instance, when they are all on the same path), the “E™ and “L" posi-
tous reflect the Jast activity on that path.

@ REMARKS: Notations made by an analyst to Indicate critical cost and schedule
conditions within summary temns. Reference may be made, by paragraph number,

to the Prolilein Analysis Report for a detailed analysis of the critical conditions. The
head!ing for this arca of the report is not computer printed,

PERT COST PROBLEM ANALYSIS REPORT

The Problein Analysis Haport is a namative report prepared to supploment the
Management Sumiary Report as well us other reparts which identify significant
problés.

The report contains three basic sections:

a snmary analysis of the totul contractor’s portion of the program covered by the
Manugement Summary Report;

an analysis of tasks where curtent or potenti 1 problems exist. Problous may be
schudules, costs, technical perfosinance, of combiutions of these:

8 narrative deseription of;

the nature of the prohlen;

the reavons for coust and/or schedule varianee;

the Impnct ont the inunediate tak;

the Impiect on the toty] progam; and

the cormretive action: what activn, hy whom, when, and eapected cffect.

Additional instractions for preparation of this repat will be established by the
GCovemment wind the contractons frir coch program or project. )
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PERY COSY FROGRAM/FROJICT STATUS REPORT

The Progra/ ot Stats Report is a compreheraive campriter produced
output report. Bt is anganizcd beyefled the end te: . work breakdown strncture nd
pravides time and cost inlormation foom the wee' | achage levdd up 1o the top of
the program or project.

For cach wink purkage and smoriary iten shown on the repant there is a line of
ftem deseription folloved by o line of significast time and costivfommtion, The first
line presents 1lata for the swanary item shown in the title block ®. Sulnequent lives
show all sulxlivisions of that item dawn ta the work packagre levels, (Work packages
may appear at different kevels of the work Lireakdown stvcture )

The primary purpose of the Frogran/Project Status fleport is to buck up the
Manageent Simmmary leport. The two reports contain similar infunoation, nt
whereas the Management Smmary Heport highlights infarmation for n munager,
this report retains detafl fur an analyst, The Management Summary Report is divided
for distribwtion and the Program/Pruject Statns Repart remains intact as roference
material for the entire partion of Uie program’ or project for which reports are pre-

The standard sorting procedure for this report armrages sammary items and work
packages i the order dotennined by the work breakdown stiacture, However, other
sorting sequakes may be ised; ¢, 0 seqrential livting of work purkagrs by charge
aumbier; o listing of mdy compleled work, in-provess work, or Inture wark, vle.

DEFNITIONS PERT COST PROCGRAM/PROJECT STATUS REPORT

(® throwgh ® previowsly defined.—Awthoss) . .

® CHARGE OR SUMMARY NUMBER: The noun description ancl chatgs or tem-
mary number of each work package or smmary item for which time infurination and
cast Infuemation ure proseated in the report. For a work package, the charge atvmbor
is the contractor o government charge nimber (shop order mmber, work order
smnber) wsed to identify the work package fur purposes of extinoting and gceumue
ting costs. The litle or shest deseription of the chargge number s printed anmedt-
atcly above the number itself. For the sumnary ifvn, the suminary manber is the
identification of an end item on the work Vrcakdown strnctme above the work pack-
age Yovol. The title or desenption of the summary it-m is also printed directly above
the stamnary number.

® LEVEL: Tho number of the level on the wark breakdown structure at which the
charge or sunmmary inmber appears,

® FIRST EVENT NCMRLR: The nmmber of the fist event in timo (hased on Sg)
for the work package or smpmary item. This event wunber iefines the begginning of
the work package or smmary iten in selation to the network.

® LAST EVENT SUMBER: The mnnber of the tast event in time (hased o Sp) for
the work package or sinmmary item. This cveat amnber defines the eml of the work
package or sunmry ftem in relation tn the mtwork,

@ SCHEDULED OR ACTUAL COMPLETION DATE: The calendar date on which
all the work contalied in the work package or simmmary item is stheduled for com-
pletion or was ntually vampletrd. “The scheduted completion tlate (T) is established
by mangensent as an itennal cantrol on the compltion of the wank. I uo schednled
completion dite has buen estalilished for the wink package or smnnary item, the
cohsm s Llank. The actual completion date (1) is the date on which 4l wark in the
work package or smamary item has Leen completed, When thic datre in this colmnn
i an retual complution date, an "A” is printed in front of the date.
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@ EARLIFST COMPLETION DATE (S.) AND LATLST COMPLETION DATE
{815 The eardicst catendar date an which the v ok package or sumraiy item can be
completed aml the Latest conpletion date on which the work package or seamary
item can be sohedubed for completion withor delay ing; the caapletiin of the pro-
gram or project. When the wind poe bage o vowsary e has beca complered, this
column is blank.

The earlicst completion date (S, printed on the npper ling, is ralevlated hy:

sumving the scheduled viapsed time () values for activites on the langest path
from the Leginninz of the program or project to the end of the voork effort; and
then adtiug this s o the calerdar start date of the program or project.

The latest completion date {8.), printed on the Jower liue, is caleulated by:

summing the schudnled ekipsed time (1) values for activities en the longest path
from the end of the wark effort to the end of the program or project; and
then subtracting this sum Irom the calendar eud date of the program or project.

M the longest path contains activities which are not scheduled, expected elapsed
time (&) valucs for the unschednled wctivities will be processed as scheduled elapned
thme (1,) values in the ealenlation of S and 5,

@ MOST CRITICAL, SLACK (WEEKS): The worst (least algebraic) stack with
respect to the dusignated pragram or project end points, in weeks, for auy of the
activities within the work package or smnmary itemn, This slack is based an a com-
paricon of S, minus 8y for rach activity. The sluck indicated will not necessaily be
the difference between the 8 and $p: fur the end of a work package or summary iten
since the worst slack situation way be associated with an activity within the work
package or summar item. The number of the network eveat at the cnd of the worst
shack path within the work package is printed below the slack value. If the work
patkage or susnmary item has been completed, this column is blank. . ..
@ ACTUAL COST (Work Performed to Date): The actual expenditures incurrod
plus any prespecified ty pes of untiudated commitments (uelinuidated obligations or
socrucd linbilities) ehavged or assigned 1o o work package. For sumnary items, the
appropriat> work puckage data is smnmcd. {@ and @ throngh @ previosly de-
fined.— Anthors.] . . .
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PERT COST OPRG W HIATION SYATUS PIPOLY

The hganiztion Shitee Bepotts provide operating lovel contractor 1 wgers
witlr detatcd imforinadion Lo Gt brons the avalabie stose of data in the #LRT
COST computer plestint

Several types of sepm s nuy bee praactie e wnhin this iv.nat by changing the sont-
fng sequence of Chaige Nl B Responsdile Orgaviy o Q. Performing Ov-
ganizatian ). andt Resource Code 2

Following arc severad cvample of pee Dl repetts

Respousible Orpauization 1 Clere Number o, Performing Orgunization 3, Re-
source Code 4. This ropr o, foncach respi mtible urpanization, all work
packuges which are within o esponsobehiy ond @ reskont of organizations
and skifte wiaeh ol ac tually perforie Lae work (Figure G,

Performing Organiization | Cliage Noomber 2,1 sponsible Orgerization 3, Re-
sourey Code 4. The repart e, {n cach peifonning organization, that por-
tion of each work package saimed ta ot for accomplishment, with a further
wlentification of thie organizate o cpemsible Far each warl. package and the
resoiaces required

Performing Ospani. ation 1, Cherge Naanber 2. Tis report s auother version
of the ahove. Jt shows tra detait and is more witable for ligher levels of man:
agemnent (Figuie .

Charge Number 1, Terferming Organizution 2. This sepurt is a work package
Nsting (shop urder ledper) comiponly nsed as an accourting aid.

Totak are shown on the reports {or the £.sL and second sort categorics only.

DEFINITIONS PERT COST ORGANIZATION STATUS REPORY

1D throwh ® previomly defined - Aathard) ..

® @ The sorting sequence for the-e identilication colonms is indicated in the re-
title. Information will appear only in thise ohunin listed iir the tile.

® CHARGI. NUMEER iProviowsly de fined-—Authors . ..

@ RESPONSIBLE CRCANIZATGN. The sontraclor’s organization responsilde for

management of the work pachase .

@® PERFORMING < WIGANIZATION. The contractor’'s deparuncat or urgandza:

tion which will peiform work on Hie woik package.

® RESOURCE (.ODE Ve contractor's vode for a particular manpowes skill or

material type.

@O MANHOURS Costinformation et ins Hris atea of the report iay he used

for services and faeditivs, sech &8 coneprter veage, as well as for dircet tabsor. No totals

are shown in these cuhuns,

@ ACTUAL (Work 1o Datey The actnal manhour expenditures assigired o a work

: or work packioe shdivision.

@ PLANNED (Totd b sepletion): The approved planned manbours fos the wortk

package o work packar sddaasion. (@2 & @ Provionsly defned. —Anthors) . ..

-O DIRLCT CONT < iy Cord information i Uiy wrea of the repoit represents

matesink aod other dicrosts asw oAl s the direet Jals e dollar value of costs shown

in @ O Tatad dedlar coats {ncedng averbesd) way be wsed when they arc mose

appropriate to a coutr por's noveal opreration thar diredt costs. (@ throrggh ®

previomly defined Avthong oo
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PURT Zeh, o nu o PUAND pR AN t1eORY

The Vivaaneial Pl and Status Beport providis dha for a mouthly rompanson Gt
avy gven b A ol aieat oot nd o bbe vl estoaates agiar L planied eosts,
and tie ccrves asa toed b sz the Giaond plane,

Histrica' poog nemth! rsraalbtive cost aie shown for vach thare snwr
Botl i e ot andd cantot et by cheaite ol e showa for eacl fntine
wwith wihio, e tene perad lonnliedan the fteport Dates Dok Q)

The L8 KL RIS Y dla .‘m,"-' t levels o LAt gehie !v)' pranting m\l)' totals
for cach ot (oo 10

The £ w Nort Beport donphymay e prepated from daty available in the
Fruneo! Vi and Sretas oo

DIEMNITEONS PHPT COSY ARG L DAt AND STATUS REFORT

ﬁ@ theeugh © Y precwn e defined Authora

® MONTH e st e periced o wlach (o tiog which) ostimates and
gctuaby ure showa

@ CHARCE NUARU (Peveswdy delined - Anthors ]

@ ACTEOAL (eemental Codr Ve actaad ogponditimes imeurred plis any pre-
gpaeethed types b wskiepibited Conmitients inhagpndated obligations or acoiued

Babilities) chargrd o asslgned dunng the mdicated inonth (B, This value is shown
for mdlivichial Charge Nwnlers G when they are included In the seport. This column
is med ouly for the mouth preceding “eut off date.”

® PLANNED: {Increwnental Cocty: The approved planned cost for the indicated
tine period . Thin value is shown for wdividua! Chiarge Numbers @ whea they
are Inclodesd in the repmt. No indonnation appers in this coluun for prior months.
@ LATEST REVISED FSTIMATE (hicremental Cost): The latest estimate of cost
Jor the indicated thne peiiod G, This value Is shown for individual Charge Numbsers
@ when they mie incladed In the 1epont.

@ (OVER) UNDER PLAN (hwremental Cosl): The Plaoned Cost @ minus the
Latest Revised Estimate §). When planned cost exceeds liest revised estimate, a
projected undeiplar: condition cxists. When latest revised oiimate exceeds planned
cost, a projucted oveiplan condition cxists. Purentheses are used as a notational de-
vice to indicate an overplan condition. No information appears in this column for
prior months,

@ ACTUAL (Conmbative Cost): The actial expenditures incurred plis any pre-
specifiol Gypes of unbiguidated comunitine nts (ondiquidaled obligations or accrued
Eabilies) charged i assigned during the 1+ iod from the beginming: of t e progran
ot project to the eid of The ndieated Moot B This value is shown for individual
Churge Numbies O when they are ineteded in the repont,

@ PLANNED [Cinalative Cost): The appioved plasmed cost during the period
from the Legining of the proggam ar project to the end of the indicated Month ).
This value i shown for individuad Change: Numbers (& whon they are included in
the 1ot :

G LATEST RIVISED ESTIMATE (Connbitive Cost): The latest wtimate of cowt
dwang, the period frons the heginning of @ prograi o1 project 1o 1he end of the inds
eated Muuth . This vadwe iy showa for individua) Charge Nosuber @ when they
s fochuded i the report Thn catinate s the sume of actadd vosts phiy estinates
erouh the end of the indicated ol For the pesiod prisw (o the enl off date, the
Wolent roviod etunate s the Aetiad 1),

@ (viig UNI G LAY (Caanalative Cast): The Pluwcd Cist @ inloms the
Latest Bevisedd Fatioate @) When platied cost exereds baest revised etiimade, a
project d andoplan condten costs Whea Vaedd reviced estimate eaceeds planned
cost, s pragec i evonpdan condtion cads Paetheses ae ised s g italional de-
wioe to fosdo e et e,

&ﬂl-:.\!;\l;k S 10 codumar contanr e resrningg date rredid G ake The Fiian-
el Plow cndd St Repat thne sl varee of mfoosction fur phittimg e Cont of

Work Vg Tl dara, Gobich vy be transfiired Bow e Progran, Project
States Repan ), s

Vahe of Wk Vorfonnad 1o Dan 1) Cronlative — (foan colimm @ trogran,’
Project St B ot 2, Fatest Manth (B coline € Progeam; Projpect Slatin
Report s ol nomy colume: € Progtam Propt St Regnat Lt monlli)

(Overs Usuedovson i Dty (e cobime @09 0 the Propran/Progect Staous Reguat),
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PERT COST MANPOWER LOADING REFORY AND DISPLAY

The Munpower Loading Report and the Manpower Loadiug Display are intended
for wse by contractors o vepoit manpower loading for varions levels of smnmary
within the progriam. The Manpawer baa g Report lists actual, plam.cd, and latest
estivaated wonthly imavhiows for the desited Tevel of summary by the type of man-
powcr. .

The Manpowes Loading Display is a graphical presemtation of the dats contained
in the Manpower Loading Repert ined iy manually prepased.

The “type of manpower” is one of (ar a combination of) the conlractor’s resource
_codes. These codes often identify Lypes of matcrials, services, and facilitics for which
[ cost exthwmates have been made w bours, but which way uot be significant in an

analysis of manpower appheion. Therefore, the Manpower oading Report is fre
quently prepared only fur certain specificd resource codes (skill eategories).

The tcpart is prepared for higher levels of mansgement by printing only totals
for each month (Figure i3). When the Government requires reporting in categories

-othor thau those identified by contractors’ resuurce codes, the 1eport is prepaced by

grouping resource cudes within the specified categrorfes by usc of g trauslation table.
- Thesequence of sort and the categories includedd in the report are indicated in the
report title. Ju addition to the cxangles shown, the report may be prapared by Per-
forniing Organization (3, Month (®, and Resource Code @), to show ‘organiuational
londing. - :

" ' DEFINIONS PERT COST MANPOWER LOADING REPORT AND DISPLAY

O throwgh @ previowsly defined.—Authors.) . . . S
, @-® The sorting sequence for these identification columns is inticated i the re-
. ‘port title. Infornnation will appear in only those columnt listed in the title.
" @ MONTII: The acvounting time period for which estimates and actuals are shown.
- @ RESOURCE (SKILL) CODE: The cuntractor or govermmon! organieation code
for a particular inunpower skill. :
@ PERFORMING ORGANIZATION: The contractor or governinent organization
- which will perform work o the work package.
. @ CHARGE NUMBER: [Previowly dofined. —Authors.) . .
® ACTUAL (Manhours). The sctual manhonr expetditures incurred or snsignod to
8 work packagee or work package subdivis' . This infurmation inay appoar only as a
total figure when charge numbers are not shown in the report.
@ PLANNED (Manhours): The manhours planned for u work package or work
package subdivision duriug the imlicated month. This Information may appear oply
1 as & total figare when charge wunbers are not shawn in the report,
@ LATEST HEVISED ESTIMATE (Mavhours): The latest cstimate of manhours
for a work puckage or work package subdivision during the indicaled month. This
- tnfonuation wmay appear anly as a tot) figurs when charpe vinhars are not shown
in the report. .
@ (OVER) UNDERFILAN (Manhours): ‘The Panued Manhours @ mivns the Latest
Revisd Estinvate @ When planned manliowns exceed Litost revised esthinute, u pro-

peeted underplan condition exists. When latest revised estivate exceods planned
manhours, & projected overplan condition exists, Parenthicses are nsed as & nota-
tlonal device to indicate an overplan condition.

@ MOST CRITICAL SLACK (WEEKS): [Previously defined.—Authors. . . .
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PERT COST COST OF WORK REPORT

The Cost of Wark Report i a sraphical equivident of the Finamnal 10,
Sttus Repoet with the additional featore of showingg the distribution of TRTTI
wad the vahe for work perforied tn “tine now,"”

The Cost of Wk Repent is nianually preparcd each ionth feony oy O
in the Financial Plan and Statng Report. The Cost of \Work Report pravides 4 4 ey,
parison of;

Projected cost vs. planned cost at completion,

Value for work performed ve. actual cost to date.

Planied rate of expenditure vs. actual rate of expenditure to date,

Planed 1ate of expediture vs. kitest estimuted rate of expenditire 1o congh-tu,

DLANITIONS PERT COST COSI OF WORK PTrORT

O through ® mevionly defined.--Authors ) . .,
® PLANNED COST: The phanued coit for the Summary Ien O plotted crmmeda
tively by tronth. Values are plotted each month from the Financial Plan sl St
B Regiost, coluran §).
@ AcruAL cost: The actuad cost for the Summary ltem Q) plotted cummbativeh
byml'.nhlh\ehdcwkxndhymmm. the new cunulative actod
et from the Financial Plan and Status Report, column §.
@ LATESTREVISED ESTIMATE: The lateut esiimate of cost for the Summary Bew
@ plotted cumulatively by munth from “tme Row™ t0 program or project couple
ton. This value w available from the Financid Plan and Statws Report, cobusm ¢
® VALUE Fron WORK TERFORMED TO DATE: The planned cost fir wisd
completed within the Summary ltvm@phmdmw%dybymm&wh
developed hy plotting, esch nonth, the e vaboe of work pedforued to date: from
the Fiinclal Plan and Statws Report Remarks ® (or froan the Program/ 1t
Statvs Report ).




EPCRYINC ORGH CONTRACT RO, IRETOnT DATES

O' @ @ TERM  (SPAN) ¢
~/ CUT OFF DATE: @
rl;r:V1:1.£r,;»;;b';}3]3\;_ TTEN @ (RELEASE LATE:

L T P Ty

Py

TIMF,
3000 T NOW
9
[
! =t OVERKUN
2500 ¢+
9
i SLIPPAGE
8 2 WEEKS
2000 4
b
8 1]
- 3
3

F_—-— UNDER PLAN
16%/811%, 000

T~ OVERRUN

L19%/$100, 000

i
A A g 2

191 1962 1963 1964 1065 ‘1yceT
nMe

AGURE 15, PERT COST cost of work report.
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PERT COST COST OUTLOOK REPORT

The Cust Outlook Repart chows (for any given loved and simnary item) the o
Jocted cost status at work completion. 1t also shows what the projected cost W
every cycle previons to the current one, this erroviding for the recmuitinn of trewds

Each month, new projections which pravide new entiies for the Cast Outhonk He
port are obtained from the Management Sumnary Report. The Cost Ontlook Hegunt
fs manlly prepared by periodically plotting the projections obtained. These pros
jections inay be plotted by month for two yoars, after which the report is revdrana
t show previous projections condensed Ly year. .

Limit lines, established by the manager for each program or project, identify the
values of (over) underrun which teruire & narrative analysis to be inchuhed in the
Problem Analysis Report.

DEFINITIONS PERT COST COST OUTLOOK REPORY

IO threugh © previously delined.—Anthors.] . .

® TARGLT: The planned cust for the Smamary Tiein O identificd in the: title block.
An srrow indicutes on tho Culendar ® the date when the tarzet valuc was estaldished,
© CALENDAR: The calendr shows twa years of projected vahues by month and
six years of condensed histosical information, Managers may tloct to use other tiee
seules.

® LIMIT LINES: Vit lines, established for cach Program or project, identify the

vahies of overrun) nnderrun which require that a narrutive wnulysis be included in
the Prctlem Analysis Repuit,

® rrROILCTED (OVERRUN) UNDERRUN: Thi value, from the Manugement
Bunvmary Repeat Projected (Overrun) Underrun ®. is platted each month.
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PERT COST SCHEDULE OUTIOOK REPCRI

The ~chedule Outlook Report shines (For wiy @ivets bevel aned stnary itein) the
projected whedale stins ot wark compiction. It alsn dieas what the proected
sehedet atab s il GvQy Gy ke previons to the curiend one, Ui providing i
the reconsition of tends,

Bach month, new propchions are obtained fron the Managenent Stimmary Re-
port wl.ch provide new entrics dor the Schedule Qutload Heport, This repoit s
maunalh prejuared by periodivally plotting ihe projections obtained, These prvjer-
tions iy he plotted by wmonth for two years, after wlhisch the Schedule Ontlook e
port b redrawn to shaw previsos projections condensed by year.

Limit bnes, established by the manager for cach program or pruject, identify! the
valuies of schedule statns which reyuire a narrative analvais to be included in the
Probleis Analysis Repor.

DEFINITIING FERT COST SCHEDULL OUTLOOK REPORT

[® ot G previewly defined.- ~Authors,] ..

® TAKGET DATE: The planacd sehieliled completyon date for the Snmnan
Bem @ identifind in the title block. An arrow indicater on the Calesihar @ the date
when the target valne was estublished.

@ CALLADAR: The cadendar shows twa years of projected valnes to be plotted
by wnonth end six years of comcdensed histoncal inforatior., Munagzers may eleet to
use othur tivie scales,

® LINIT LINES: Vamit i s, established for each progran or project, identify the
values of <! ednle dippage which require that a warrative analysis b inchuded it
Problvin Anavaes Repmt.

G PROSECTED SCHEDULE, STATUS: This value, fromn the Most Crtieal Shiek (O
of the \Marwcement Smmary Repoit, is ploticd cacl imonth,
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PERT COS! COLI CATLGUNTE HIATUL REFOHT

The Cost Catepgeny St Report presents a giopisg: of favctionad, Lavdware, o

othor sipgnificent conl cloracnts in speatied categenes o repeding purpotos

Thesi: cost categories are estnbhshied by vebtmg work packages o clements of cos
within work packazes to the spectied caicrnnos Thos, o distarion of the wotk
breakdows stinetine s acquited o segiegate thew data

Any cost Gategmne s winch satisfy s teladoisinp 1o G work breakdow n stie.
ture may be established fir a proga or projeet, bt once established, they mast
remain as originally defioed fee the e of the progean or projeet.

The Cost Category Status Tleport provides ior cach cost category a manpower
and total dollar compiarison of:

planned vs. actual cxpenditure to date.
planued v, Tatest revised estimate at completion.

DEFINITIONS PERT COST COST CATEGORY STATUS RCPORT
1® tnough ® previensly defined.--Authors.) . ..

..mc;sx.mm..

T e

§ e

RCV"QAI_W | 13

COLT CATCGONY

T (TIOY T

o DA

téfiu AT COMPLETION
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REVISCO
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HGURE 18.  PERT COST cast cotegery satus repont,
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PERT MILESTONE REPORY

The PERT Milestone Reports present schedule infornimation for selected network
events which represent inajor miledones of accomphshment towird completion of
the program ur projeet.

The reponts are tiered, like the Managemrnt Sunumary Repe it for several lovels
of management. However, the Milestone Report represents key network events thid
are of major significaonce in achieving the progrum or project objectives, whereas
the Munaganent Sunmnary Repuort flags eritical arcas and work completions.

Together, the Milestone Report and the Management Summary Report providy
the most comprehensive stutus information available in the PERT COST Systom,

DEFINITIONS PERT MILESTONE REPORT

[® throngh () previously defined. —Authors,) . . .
® MILESTONE DESCRIPTION: The network event number and noinenclatwe
which arc selected nn milestones, Two lines are available for description.

(D SLACK: The slack, in weeks, asociated with the network event (Milestone) ®.
This is the time difference between the “E” and “L"” dates shown in the Schedule @.
® DATE: The day, manth, aud year of the *S," “A,” “E," "L," or “M" positioms
shown in the Schedule (. .
® SCHEDULE CALENDAR: A calendar time reference for display of schedule
completions. The calmdar contaius one division for all prior years, two years divided
by onths, frur years by years, and one division for all later years. A “Time Now”
Ene uppears between the nest future month and the month of the cut off date.

@ SCHEDULE COMPLETIONS: The schedulad 7S Actaal "A," Farliest 8"
and latest "L completion dates for the network event (Milestone) in colunwe ()
with reapect tu designated progeam or proiced pad points, “M” may be entered by
an analyst to indicute a revised cospletion date anticipated as a 1esnlt of wanae
ment action.
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