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PREFACE

This computer program was originally developed by Mr. R. C.
Tennent for an IBM 7094. This was published in a report
titled "Critical Path Method," BPR Computer Program A-4,
dated 1964. In 1966 this 'program was improved by the author
but never published.

The present program was modified, converted and tested by
Mr. Douglas Reid for use 0:0 an IBM 360.

Special thanks to Antoinette Wilbur of the Engineering
Services Division who inco:rporated multi-project sched'llling
capabilities into the system.
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INTRODUCTION TO CPM

In the transportacion field, thE~ job of planning, designing,
constructing and maintaining highways has evolved from a relatively
simple task to a major undertaking requiring the highly coordinated
efforts of all resources for proper accomplishment. Today's multi­
million dollar highway program has created situations that were
previously unknown and has made the solution of previously uncomplic­
ated problems more difficult.

County, City and State highway E:ngineers, in their efforts to
provide the public with the type, and quality of facilities that are
necessary for the proper serving of the current and future traffic needs,
have become increasingly concern.ed that management tools once satisfactory
for controlling and monitoring programs are no longer adequate.

There has been a concerted effort on the part of management and
operations-research specialists to develop more effective techniques for
planning, organizing and controlling projects.

Within the past several years, a number of techniques have been
developed to aid management. One of the most successful of these is
the Critical Path Method. or CPM. To date, it has gained wide acceptance
and represents an excellent management planning and control tool for
defining, integrating and monitoring what must be done to accomplish
program objectives on time.

In the field, CPM has been used in the following areas: planning,
construction, design, long-range planning and programming, maintenance,
management and research projects.

There are ~ny excellent results that have been realized through
the use of the Critical Path Method. Numerous highway departments
and contractors have reported wid.espread success in savings of time
and money through its use and all state highway departments have
explored its usefulness for some phase of planning and scheduling.
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So today' s highway enginee:r has at his disposal a nevl manage-
men t tool, '\<!hich will help him make decisions. These decisions
based on CPM will help the contractor overcome project managet::ent
weaknesses as well as afford him such side benefits, as collection,
storage, and maintenance of historical data files, and the utilization
of this collected data fo!' estimating and scheduling future projects.

CRITICAL PATH METHOD

Basic Concepts

The Critical Path Method is a recent development which provide.s
management with a rational basis for planning, scheduling,
estimating and controlling construction projects. The method
is applicable to any situation which involves scheduling.

Network Diagram 11

The first or planning phase of CPM which graphically outlines
the project with a network diagram, sometimes referred to as
an arrow diagram, illustrates the required operational sequence.
It also indicates which operations are concurrent and which
operations must be completed before subsequent procedures can
be initiated. In Cal operations or items of work are referred
to as "activities." These activities are represented by arrows
in the diagram. The arrows have no significance with regard
to direction or scale and need not be straight lines. The
sequence of arrows is determined by the requirement that activities
cannot start until all preceding activities joining the tail of
the arrow have been completed. Thus, the diagram indicates
the activity sequence and plots all of the activity relationships
in the entire project.

The junctions of activities are called "events" and are usually
numbered for reference, as well as for computer application.
An event is a point in time in the progress of the project.
Sometimes it is necessary to employ the use of "dummy" activities
in order to keep the proper sequence. Dummy activities are
imaginary and have zero t~me and zero cost. Dummies are used to

1/ See Appendix A for a lnore de~ailed discussion.
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prevent the inclusion of imposing diagramatic restrictions
which do not exist in the actual project.

Physical requirements dictate certain sequences while crew sizes
or equipment considerations dictate other sequences. A third
sequence is necessitated by the management requirement that
an activity be performed in a certain way. These requirements
are generally referred to as "physical, crew, and management
restraint." Crew and management restraints can be altered to
decrease time.

To construct an arrow diagram it is necessary to compose a
list of all activities required for completion of the project.
The list should adhere to the sequence of activity performance.
The list should also include all restraints that determine the
sequence of activities such as material delivery, approvals,
inspections, etc. The activities are represented by arrows
according to the following criteria:

1. What activities can be concurrent with this activity.

2. What immediately precedes this activity.

3. What activities immediately follow.

The tail of the arrow indicates the beginning of the activity
and the arrowhead indicates the completion of that activity.
Satisfactory preparation of the arrow diagram depends on practical
knowledge and common sense.

In preparing a diagram, consultation with the construction
superintendent is essential so that all crew and equipment
restraints are properly represented.

THE CRITICAL PATH

The next phase of CPM furnis~,.es time estimates for each activity.
Since CPM analysis produces ::10 better results than the. information
supplied, it is most important to obtain good time estimates. On
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construct:ion projects timl~ estimates are generally given to
the nearest day. The time duration of activities along all
paths in the network can be used to calculate the earliest
and latest completion times of each event. This method will
then show the continuous path of activities that are critical
to !he project completion date. This path establishes the
project duration and is called the "critical path."

Float

There are other activities on the arrow diagram that are semi­
critical. A measure of how close an activity is to being
critical or how much scheduling leeway is available is a
quantity called "float."

There are several types of float. Total float is a measure of
how much the leeway time for each activity can be increased
without delaying the completion of the project provided all
other activities are comp~eted in their normal time. It is
the extra or leeway time uvailable if all preceding activities
are completed as early as possible. All activities which
have zero float are critical activities.

Free float is a measure of how much the leeway time of an
activity can be increased without changing the earliest starting
times of all activities in~ediately following, provided all
preceding activities are <:ompleted in their normal time. Free
float can be used up without affecting the activities which
follow it.

Independent float is the leeway time available regardless of
where preceding or following activities are placed within
their intervals of float. Independent float is so rare that
many computer programs do not calculate it. Activities can
be accomplished in less than normal time by using larger crews
or working overtime. This reduced time is called "crash' ! time
and it involves higher costs. CPM calculations indicate which
activities should be expedited and how much time they should
be allotted in order to get completion dates at the lowest
cost.
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Scheduling

Scheduling is the act of translating the arrow diagram into
a time table of calendar days. This can be accomp lished by
the day-date table. Conversion from working days to calendar
days also is advantageous since it permits inclusion of
weekends, holidays, weather and other lost time. The CPM
schedule indicates the relationships of the operations and
shows leeway limitations. All key deliveries and activities
s hou ld be checked with the day-date tab Ie. All crew and
management restraints along the critical path should also be
examined. The restraints should be adjusted to give sat­
isfactory project completion date. Non-critical activities
can be scheduled to more efficiently utilize manpower and
available resources.

The use of CPM for job control gives management an entirely
new and reliable system for spotting job trouble within days
instead of months. Progress along the arrow diagram will
show the status of the project at any time, indicate which
activities can be started, a.nd pinpoint the cause of delays.

To obtain the complete benefits of CPM, job control should be
coordinated with cost control. Cost control should be set up
to correspond with activities. The diagram should be updated
periodically to account for; (1) time discrepancies, (2)
deliveries, (3) weather, (4) change orders, and (5) unexpected
conditions. Updating of the diagram should be based on the
number of days the project is off schedule.

Crashing Critical Activities l/

Crashing is the method by which activities are expedited in
order to meet a deadline at the lowest cost. Only limited use
of crashing has been made. One reason for this is that con­
tractors claim they do not h;:tve sufficiently accurate time-cost
information. However, with GPM even poor estimates will give
better results than those without the use of CPM. The most
economical project duration Lies somewhere between "normal"
time and "crash" time.

2) See Appendix B for a mOrE! detailed discussion.
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Normal time is that time required to finish the activity with­
out extra direct costs. Crash time is the fastest possible
time of completing the activity. Direct costs will be minimal
for normal time and maximal for crash time. Indirect costs
decrease as the activity time is shortened. Such indirect
costs as insurance, value of releasing key personnel for other
projects, field office, overhead, and early completion bonus
are lowest at crash time and highest at normal time. It is
usually assumed that the sooner an activity can be completed
the lower its costs will be. However, there is a point at
which reduction in time increases costs. CPM shows just where
this critical point lies. Indirect costs, such as overhead,
bonuses, and depreciation are most important to the contractor
and a prime reason for obtaining time cost curves.

Whenever an activity is crashed and time is reduced, the network
should be studied to determine if a new critical path has
occurred.
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CPM APPLICATION

The critical path method pla.nning and scheduling is far
superior to other existing methods. Some contractors are
so completely satisfied with the results obtained from these
two phases that they fail to carry this method further. This
is because they lack confidence in their current cost control
system. The application of cost analysis and the crashing
phase can obtain far greater benefits for the contractor. The
adoption of a cost control system orientated to activities
can give the contractor an intelligent analysis of various
choices for accomplishing a given qualtity of work.

Financing

This new management tool can be an asset to contractors in
their business dealings with their banker, bonding compan~

and insurance company.· By means of the arrow diagram the
contractor can present a visual picture of his entire operation
which shows he has clear understanding of the work to be done.
He can show that he has logically planned and scheduled all
of his jobs so that his organization has not exceeded its
capabilities. CPM also can show when the contractor can
profitably take on additional work and the amount that can be
undertaken. This additional work might be bid at less than
normal cost because it ties into the overall plan and schedule
through more efficient utilization of manpower and equipment.
Deliveries of materials can be pinpointed so as to obtain
maximum efficiency and economy.

The banker will certainly h~ve more confidence in a contractor
with a rational approach. TIle financial needs required by the
contractor will be based on good financial planning and a better
understanding of the work.
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The bonding and insurance eompanies also will be able to
I

better understand the cont:ractors operation. No other planning
and scheduling method can :30 clearly show the capabilities for
undertaking numerous contracts simutaneously and the inter­
relations of each. The assurance that a contractor can complete
the project in the specified time and expedite certain activities
at the most economical cost should afford additional bonding
power and lower insurance rates.

Bidder Qualification

CPM offers a more realistic approach to "Bidder QUalification."
Under existing practices,a contractor cannot submit a bid
on a project if his qualification, based on a monetary value,
is exceeded. It is easy to see that CPM can show how a con­
tractor could take on an aaditonal volume of work and still
make his operation more efficient. In addition - he could, and
probably would, bid the additional work at a lower cost since
his indirect cost for that particular work would be much less
Qualification latitude therefore can more logically be based
on the type of work planned and scheduled by CPM rather than
the dollar value under contract.

Management Tool

As a management tool, CPM will permit the contractor more
selectivity in bidding. Construction management is able to
select those projects which best: conform to its "Equipment
Availability" as well as manpow€~r and material resources. In
addition, the volume of work most suitable to the contractors'
capabilities can be determined. The unnoticed pitfalls that
are likely to occur are brought into focus by the application
of CPM.

The simple fact that CPM fo:rces the contractor to more thoroughly
understand his work, gives him a competitive advantage and can
easily elevate the 4th or 5th place bidder into the 1st and 2nd
positions. The contractor will be aware of the small but critical
activities which could otherwise be overlooked. He has a real­
istic pictorial approach for balancing manpower and equipment
within a particular project and for interproject scheduling
of the same manpower and equipment.
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In evaluating "Equipment Availability" he can weigh the use
of rental equipment again:3t the purchasing of new or used
equipment. At the same time equipment size and capabilities
can be investigated.

Inte lligent CPM app Hcat ion creates a more harmonious re lat ion­
ship between contractor and engineer when both have a thorough
understanding of the method. The ability to predetermine
critical activities and their relationships and to understand
the logic in planning and scheduling creates a healthier
relationship. CPM can be used as a justification for time
extensions due to change orders involving additional work
affecthg activities on tb.e critical path. Also semi-
critical activities could be affected by change orders which
could make them critical and c:reate a justified time increase.
By the same token CPM can show that time extension is not
justified because the change oecurs in activities which have
sufficient float so as not to affect the project duration.
Any adjustment in time which rE!sults in lengthening of project
duration should always recogni~;e the factor of weather. For
example - an additional week's work in mid-August might be
equivalent to two or three weeks in January.

The value of CPM in resolving legal disputes should not be
overlooked. It has been successfully used to validate
liquidated damage payments.

Field Application

Another application, which should not be underestimated, is the
use of CPM in the field and in conjunction with all subcontracts.
Only through the full coopE!ration of the field organization as
well as all subcontractors can management realize the optimum
benefits of the method. En~loyee relations are improved because
unnecessary lay-ofis are eliminated. The field force and subs
have a clear picture of ho~r their work fits into the entire
project. Another important by-:?roduct of CPM is the standard
of achievement it provides for the field organization. The
realization that a certain activity has a definite completion
date which must be met to avoid delaying the entire project,
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creates an incentive for meeting that deadline. All management
realizes that incentive is a primary requisite for faster and
better worlonanship. Frequently management is unable to move
key personnel because of the confusion involved. Where CPM
is used by the field organization, management can have smooth
transitions when superintendents or key personnel are replaced.
Thus management has more freedtom in utilizing specialists and
can increase the productivity of these high-salaried personnel.

Updating CPM provides a n~a1istic basis for establishing more
accurate estimates which ,:an be activity oriented for future
bidding. When unforeseen delays occur and the actual work
progress differs from the planned progress, the network should
be updated. This permits monitoring of progress and shows
when and where necessary f~xpediting should be done, thus
providing management with continuing control of the project.
The common tendency to inerease manpower, equipment, and
overtime on all activitieB in order to get back on schedule
is eliminated. Attention is focused on only those activities
which are critical and should be expedited. Generally these
critical activities make tip only about 10 percent of the
entire project.
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CONCLUSION-----

Many contractors have becom,~ dis illusioned because of miscon­
ceptions in the CPM approach. 'Ihere are certain simple rules
to be followed, assumptions to be made, techniques to adopt,
and limitations to be understood in order to properly apply CPM.
However, the method is very simple and requires only grade school
mathematics. Computers are used only to process the data and not
to develop the data. It be,;::omes practical to use a computer on
large projects for updating the network and when applying time-
cost estimates in the crashing phase in order to obtain the spectrum
of schedules between normal and crash. A better understanding of
the project also will be obtained and a more accurate diagram can
be made which incorporates only the necessary dunnny arrows if
hand methods are used through the schedu ling phase.

This new management tool is not a "cure-all" and it will not
solve all of the contractor's problems. The results of the method
are only as good as the dat.!). supp lied. It must be used
with corranon sense, constt"l,lction "know-how",and experience. With
this approach CPM will pull the construction industry out of the
dark ages as far as "Management Control" is concerned.

The ultimate use of CPM with a ",'ell-developed system of cost
control and estimating will introduce accuracy which will make
contracting and construction procedures even more predictable
and dependable. Where CPM is applied it is a certainty that the
contractor understands the 'Nork, that he has logically planned
and scheduled the project and consequently submitted a realistic

bid. CPM, in conjunction w:ith good cost control, will produce
a stable and secure industry which will produce better construction
and lower costs.
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CRITICAL PATH METHOD COMMAND lANGUAGE

The deve lopment of the problf~m-oriented language for the
Critical Path Method grew from the basic premise that the
USER should be able to control the procedure and select the
desired output. In effect, this relieves the user from having
to use a middle man to communicate his desire for a solution.

Having defined the class of problem as CPM, the next step was
the development of a source ~anguage and the computer programs
necessary to translate and execute the source language. The
source language is called CPNCL (Critical Path Method Command
Language) and, as the name in~lies, makes use of commands to
define the procedure to be followed in calculating solutions.
The command language covers the principle areas of CPM, that
is planning, scheduling, updating and monitoring, and the
commands necessary for the system to operate. Table I lists
the commands by the principle. area of use and a brief des­
cription of the action performed. A description of each command
by area of use is discussed in subsequent sections.

The computer system developed to support the source language
consists of a translator to interpret the commands and the
computer programs which perform the desired actions. The CPMCL
TRANSIATOR is interpretive in nature as opposed to a compiler
which can be interpretive or generative. The generative mode is
the case where a procedure is developed based on the source
language and then executed. On the other hand, the interpretive
mode reads each command and executes fixed routines based on
the command. The CPMCL TRANS rATOR carries out the fo llowing
functions: read and interpret the command card, encode any data
on the command card, call the necessary subroutine to fulfill
the command; and upon returning from the subroutine, check for any
errors in processing. Possible activity errors are shown in
Report 1. The CPMCL TRANSIAT8R also contains the necessary
statements to carry out the system commands.
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TABLE 1

Critical Path Method Connnand language (CPMCL)

Area/Connnand

System
TODAY •S DATE
BEGIN
END OF RUN
CREATE MASTER FILE·

Planning and Scheduling
CALCUIATE NETWORK

CA LENDAR DATE
TIME-SEQUENCE PLOT
RESOURCE PLOT
PROJECT COST PLOT
CRITICAL ACTIVITIES

Updating and Monitoring
RESERVE SCHEDULE
DELETE SCHEDULE
UPDATE SCHEDULE
STATUS REPORT
EXCEPTION REPORT
PREPUNCH CARDS

Multi-project scheduling
MULTI-PROJECT
TOTAL
STOP

Action

Provide the date to the system
Initialize for new problem
Telwinate computer run
Set aside a CPM master file

Calculate starts, finishes and
project duration

Convert starts and finishes to dates.
Plot activities in time-sequence
Plot required resources
Plot planned project cost
Tabulate the critical activities

Add Schedule to master file
Delete schedule from master file
Update status of each activity
Tabulate status'of all activities
Tabulate status of critical activities
Produce prepunched cards for

updating

Calls the multi-project program
Concatenates any number of projects
Stops the multi-project procedures

.14



l. NUMBER OF ACTIVITIEE: EXCEEDS 675

2. ACTIVITY IIII - JJJj', HEAD lESS THAN TAIL

3. ACTIVITY IIII - JJJJ, HEAD OUT OF SEQUENCE WITHIN
TAIL IIII

4. ACTIVITY lIIl - JJJJ, NO ACTIVITY STARTING WITH JJJJ

5. ACTIVITY lIIl - JJJJ, OUT OF SEQUENCE WITH PREVIOUS
ACTIVITY I11I-JJJJ

6. ACTIVITY 1111 - JJJJ, NO ACTIVITY ENDING 1111

Report 1
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The computer programs to satisfy the planning and scheduling
and the updating and monitoring commands have been developed in
subroutine form. Where possible, a subroutine has been designed
to carry out more than one command. In the updating and moni­
toring commands, RESERVE SCHEDULE and DELETE SCHEDULE are
contained in the same routine due to the similarity of
operations. However, in the planning and scheduling commands,
each command has its own subroutine to perform the necessary
action.

SYSTEMS COMMANDS

In any programming language it is necessary to have certain
instructions, statements, or commands which provide information
to the system. Problem-Oriented Languages, even though they are
a higher level language, a:re no exception. In CPMCL the
following system commands <:ire used to initiate action and to
provide information. For examples of input - see section on
Input Data Formats.

TODAY I S DATE

This command, as it imp lief!, is used for supp lying the date to the
system in order that the date of run may be available to any of
the computer programs. ThE! command is used only once and is the
first one for an entire computer run. The data associated with
the command are: Month, Day and Year. As previously stated,
the command is entered begi.nning in card column 1 and the data
are entered on the command card beginning after card column 19.

BEGIN

The BEGIN command indicates the start of a new prob!em for the
solution of a desired Critical Path Method problem. On the
command card, the data to be entered is the user's name and any
other descriptive information. The BEGIN command is necessary
for each problem because whenever an error in processing the
commands is encountered, the CPMCL TRANSLATOR searches for the
next BEGIN command and then starts processing the new problem.



END OF RUN

The last command card of a computer run is the END OF RUN command.
This command follows all CI~ problems and indicates to the CPMCL
TRANSLATOR that the computer run is to be terminated.

CREATE MASTER FILE

When the system is put into use and it is desired to save CPM
calculations for the first time, it is necessary to set aside
a magnetic tape as a CPM Master File. The CPM Master File will
be used to retain all further results for the subsequent plan­
ning and scheduling or updating and monitoring cJmmands. The
setting aside of the master file is accomplished by this command.

PLANNING AND SCHEDULING COMMANDS

In planning and scheduling a project, it is necessary to have in­
formation describing the requirements for time, money, and resources.
In CPMCL, the following commands are used to determine these
requirements.

CALCULATE NETWORK

The use of the CALCULATE NETWORK command causes the calculations
of the early start and finish, late start and finish, total float
for each activity in the network, and the project duration. The
data for this command consLsts of the project starting date, a

network title card, activity cards, and resource description cards.
The project starting date 1:3 included on the command card and is the
desired date the project is to start.

The network title card contains information which describes the
project. The activity card1; are used to describe each activity
of the network and provide data on time, cost, and required resources.
The resource description cards contain the information necessary to
describe a particular resource, such as a chief engineer.



An example of the input for the command is shown in Report 2.
The output produced from the CAI£UIATE NETWORK command is
shown in Report 3.

CAlENDAR DATE

Whenever a network is calculated and the starts and finishes
are expressed in days, it is difficult to convey a starting
date of an activity as so many days from a particular date.
For this reason, it has been necessary to provide a method
for converting working days to calendar dates. The CALENDAR
DATE command is used to convert working days to calendar dates.

Details of the calendar dating operation are described under
activity work option. However, the method was modified to
allow for the omission of non-work days. The conversion of a
non-work day, such as Saturday, Sunday, holidays or weather
days, is accomplished through the activity work option code.

The output produced from the CALENDAR DATE cormnand is shown in
Report 4.

TIME-SEQUENCE PLOT

Whenever computer solutions are used to carry out CPM calcula­
tions, there is a possibility that the interrelationships
depicted in the arrow diagram will be neglected. Therefore, it
is desirable to provide a substitute for the arrow diagram. The
metho~ used in this CPM syst£~m is to fall back on the bar chart
which was an acceptable method before CPM. However, the bar

chart has been revised to show the graphical interrelationships
of the activities in time and to indicate the amount of total
float for each activity. The: command used to produce this
result is TIME-SEQUENCE PLOT.

An example of the result of B. TIME-SEQUENCE PLOT command is
shown in Report 5.



PROJECT COST PLOT

In the planning of any projl~ct it is desirable to have a planned
rate of expenditure. The C:ritical Path Method has such a
capability when the direct .:::osts are associated with the
individual activities. It has the capability because the
activities are scheduled to finish at either an early or
late date. Choosing either the early finish or late finish
as the date of finish, the ,:osts of the planned activities can
be accumulated on any time "jase, such as a week or month, and
plotted as a graph of accumllated cost versus time.

In CMPCL, the command PROJECT COST PLOT is used for obtaining a
graph of the planned cost. This program assumes each activity
to finish at its early finish date and the estimated costs are
accumulated on a weekly basis. A week is defined as ending
on Sunday, since most activities do not use Sunday as a
work-day.

The result of a PROJECT COST PLOT command is shown in Report 6.

RESOURCE PLOT

Another factor of importance in the planning of a project is
the requirement for resources. Whenever a project is in the
planning stages, it is necessary to have estimates of required
resources in order to determine how the resource requirements
will be met. In the case of manpower, it may require that
additional men be hired, that they be shifted from another
project to work on the new one,or that the new project be
delayed or rescheduled due to a shortage of a specific
manpower. When the resources is equipment, the decision
has to be made as to whether the equipment will be available
from other projects, rented or purchased.

The RESOURCE PLOT command is used to provide a graphical
representation of the required resources for a project. It
is able to provide this information when the resources for
each activity are provided as part of the data. The result is
a histogram plot on a calendar day basis of each of the
individual resources used on a project from a specified starting
date to the specified finishing date
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The input data required for this command is the desired type
of plot and the desired period of plot. The type of plot
provides for three different types of output; namel~ 1) plot
each of the individual resources; 2) plot a summary of all
the resources required,or 3) both of the above plots. A
starting and finishing date are provided in order to allow
the user to obtain a plot of any desired period of time.

An example of the results produced by using the RESOURCE
PIDT command is shown in Report 7.

CRITICAL ACTIVITIES

When using the Critical Path Method one of the most beneficial
results is the identification of the critical activities. On
any project it is desirable to have a tabulation of the critical
activities in order to be able to manage these activities
closely. In a computer system, the identifying of the critical
activities can be done on either the working day schedule or
zero float. However, it is desirable to have the critical
activities separated and listed.

In the CPMCL, the command CRITICAL ACTIVITIES is used to obtain
a tabulation of the critical activities and their scheduled
start and finish calendar dates. An example of the results
produced by the command are shown in Report 8.

UPDATING AND MmUTORING COMMANDS

In any project control system, it is necessary that accurate
and up-to-date information be gathered on the actual progress
of the project. This is essential for a number of reasons;
1) it allows for evaluating tbe progress as of a particular
date, 2) planned versus actual costs can be evaluated, 3) decisions
as to the scheduling of the p1:"oject to completion can be made,
and 4) the date provides valu8.ble historical information for
possible future uses.

The development of a project control system, using CPM as the
framework, can provide for very powerful updating and monitoring
of a project once it has been planned and scheduled. This is
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possible because the starting and finishing of activities can
provide the information necessary for projecting the project
completion date. Reporting of cost data can be compared with
the planned value and a large historical file of time and
cost data can be deve lopE~d. The one thing the system cannot
do is make decisions, hov~ver, it can provide information that
can lead to better decisions.

In the Critical Path Method Command Language (CPMCL), a start
has been made toward bui]~ing a powerful system for providing
information on project status. This part of the language,
while not as complete as the planning and scheduling commands,
has the basic elements necessary for future development. The
following commands are used for updating and monitoring.

RESERVE SCHEDULE

Whenever a calendar dated schedule has been decided upon, it
is desirable to retain tbe schedule for future reference. In
CPMCL, the RESERVE SCHEDULE command adds the designated
schedule to the existing CPM master file. To be able to
identify any particular schedule on the CPM master file, it is
necessary to assign a unique project number and identification
to each new project reserved. In order for any subsequent
updating or monitoring of a project to take place, this command
must have been used to reserve the particular calendar dated
schedule.

DElETE SCHEDUlE

In the updating of a file there are three basic operations
that the system must be capable of doing. They are; 1) adding
information, 2) deleting information, and 3) changing information.
In a CPM system, the adding of information would be the addition
of activities to the current network, deleting information would
be the deletion of an activity from the current network, and
changing information would involve changing any of the basic
input data.
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Updating a schedule in CPMC:L is accomplished through the use
of update verbs. The updatE! verbs are:

l. STARTED ACTIVITY

2 COMPLETED ACTIVITY

3 RESOURCE CHANGE

4. COST CHANGE

5. DURATION CHANGE

6. WORK OPTION CHANGE

7. DELETE ACTIVITY

8. ADD ACTIVITY

9 END OF UPDATE

The update verbs are used immediately following an UPDATE SCHEDULE
command and each update verb re~uires a card of its own. The
verbs STARTED ACTIVITY and COMPIETED ACTIVITY are used for
reporting the actual starting and finishing dates of the
activities and supplies the information for status reports.
The other verbs make the necl~ssary changes, de let ions or
additions However there is additional development necessary
to have the changes reflect a revision in the calendar dates
for the activities to be co~)leted.

An example of the use of the UPDATE SCHEDULE and some of the
update verbs is shown in Report 2.

STATUS REPORT and EXCEPTION REPORT

In the description of the updating the monitoring commands,it
was stated that one of the rE!aSOns for the data was to enable
the evaluation of progress at. a particular date. There are
many times in the life of a project when it is necessary to
provide a repo.rt as to the status of the project and/or some
of its major sections Statu.s reports can be based on time,
cost, or any other acceptable criteria. They can report the
progress in percentages or by portions of the work which are
completed or in progress.
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In CPM, with agreement on ~l particular schedule, there have
been established scheduled starts and finishes for each activity.
From the time the project is started to the time the project is
completed, it is necessary to know the status of the project.
However, the status of the project is dependent on the activities
comprising the project and more specifically on the critical
activities.

When the command STATUS REPORT is given, the actual starting and
finishing dates of each activity, excluding dummies, is compared
with today's date and the scheduled start and finish dates. From
this comparison, the status of each activity is determined and
the appropriate status message printed. The status messages
are:

l. Completed

2. In Progress

3. Past Early Finish

4. Delaying Project

5. Late Starting

6. Not in Progress

Status messages 1, 2 and 6 are self-explanatory.
5 are warning messages meaning that the scheduled
early finish has elapsed without the actual start
being reported.

Messages 3 and
early start or
or comp letion

Status message number 4 is printed when; 1) a critical activity
has not been reported as started and the scheduled start date has
passed, 2) a critical activity has not been reported as finished
and the scheduled finish date has passed, and 3) a non-critical
activity has not been reported as finished and the late finish
date has passed. An example of a status report is shown in
Report 9.
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The EXCEPTION REPORT cO~ind is basically the same as STATUS
REPORT except that the status is only reported on the un­
completed critical activities. The connnand also causes any
previously non-critical activities to be added to the list
and identified. The phrase "NEW" is used to identify these
previously non-critical activities. An example of an
exception report is shown in Report 10.

Either one of the reports is obtainable by placing, on the
command card, the desired connnand and the project number and
identification assigned to the project by the RESERVE SCHEDULE
connnand.

PREPUNCH CARDS

In the reporting of the starting and finishing dates of
activities with the UPDATE SCHEDULE connnand, it was necessary
to enter an update verb card with the verb STARTED ACTIVITY
or COMPLETED ACTIVITY and the actual starting or finishing
date. Rather than have this information being recorded on
a form, pieces of paper or some other media, the connnand
PREPUNCH CARDS has been included in CPMCL. This provides
an easy method for the reporting of the activity starting
and completion dates. The result is two prepunched cards for
each activity in the network, except for dummy activities,
which are used in subsequent updating operations. Each card
contains one of the update verbs, the activity numbers, the
activity description (for identification only) and the project
number. When an activity starts or is completed, the date is
written on the appropriate card and turned in.

MULTI-PROJECT SCHEDULING

In planning and scheduling projects that use a connnon network,
you have the capability of totaling or concatenating these projects
together and producing a report for multi-cost and multi-resources.
The multi-resource plot is a very handy tool used in man-power
leveling.

This subroutine is used to estimate the resources and costs
associated with two or more related projects which will be active
during the same time period. Output from this routine includes
two types of plots. The first is a PROJECT COST plot which plots
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a graph of accumulated costs versus time. This program assumes
each activity to finish at its early finish date and estimated
costs are accumulated on a weekly basis. A work week is defined
as ending on Sunday. The results of a multi-project cost plot
are shown in Report 11.

In addition, this routine produces a RESOURCE PLOT showing combined
resource requirements for two or more projects. This plot is in
the form of a histogram on a calendar day basis for each individual
resource used on a project. Three types of plots are available:

1. Plot each of the individual resources.

2. Plot a summary of all resources required.

3. Plot individual resources and summary.

A multi-project run may be made in conjunction with a regular CPM run
containing several projects. In this case, output for each project is
followed by plots showing combined costs and resources for all pro­
jects in the run. If a master file containing several projects has
been created by a previous run, multi-project scheduling will output
only the combined cost and resource plots. In both cases, the MULTI­
PROJECT command and its associated data cards are placed at the end
of the input data deck, followed only by the END OF RUN command card.

TOTAL

The use of the TOTAL command is to identify the projects you want
totaled together or concatenated.It can only be used after projects
have been stored on disk by using the reserved schedule command.



l~TURE DEVELOPMENTS

It has been recognized throughout the development of the problem­
oriented language for the Critical Path Method that it would
be impossible for one person to develop, program, test and
evaluate an entire system in a short period of time. However,
it has been possible to pinpoint the need for additional effort
on certain portions of the system.

The planning and schedulir.:g commands could be expanded to
incorporate commands such as COST OPTIMIZATION and LEVEL
RESOURCES. A command such as COST OPTIMIZATION would allow
for th~ scheduling to take into account the cost of the
activities. A command LEVEL RESOURCES would schedule the
project based on prescribed levels of resources.

The major effort required in the updating and monitoring
commands would be the implementation of the full updating
command. This would cause the schedule to be recalculated
whenever a change in activity duration or work option is
reported, an activity is deleted, or activities are added
to the network. Also, there would be a need for commands
to analyze costs, computer differences between actual and
estimated costs or actual and estimated time estimates.
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APPENDIX A

Network Diagraming

The development of the project network model is one of the
most important responsibi1ities in applying the Critical
Path Method. Before this model can be constructed, it is
necessary that the planner set down all the factors in the
project to be considered.

If all activities requirec. for the completion of a specific
project can be listed, then the activities can be arranged
logically in order of performance and represented graphically.
Necessary constraints suct: as material or equipment lead-time
should be included. In network planning, activities are rep­
resented by arrows, the length and direction of which are
meaningless. The general flow of the arrow or network diagram
is from left to right. However, an individual activity arrow
may go up or down or from left to right. Each activity
must be analyzed in relation to other activities and the
following questions answered:

1. "What other activity (activities) must be completed
before this activity can start?"

2. "What other activity (activities) can be accomplished
at the same time that this activity is being performed?"

3. "What activity (activities) cannot start until this
activity is completed?"

Figure One shows the graphic means for representing an activity.
The tail of the arrow (i) ·represents the beginning of the
activity and the arrow head (j) represents the completion of the
activity. Each activity will have i and j numbers different from



all other activities in the network. This provides a means
of identification for the tlctivity arrow.

• J

FIGURE I

Keeping in mind that project activities are defined as time­
consuming tasks, it is sometimes necessary, in order to main-
tain a logical sequence in the network, that a non-time-consuming
"activity" be introduced. This type of activity, known as a
dummy? is represented by a dashed arrow (See Figure 2) and
indicates an interdependency rather than performance of a
time-consuming task.

---. J

FIGURE 2

The beginning or completion of one or more activities is
marked by an event which is depicted by a circle (or node).
The i and j numbers for the activity are placed, when possible,
inside the event circle.

In CPM, an event is merely a point in time and does not represent
work. An event cannot ocour until all activities ending at that
node are completed. Furthermore, no activities beginning from
an event may start until the event has occurred.
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In Figure Three, activity B must be complete before event
number 3 occurs, at which tilne activity C may begin. Activities

A and C both

B

A

3 )--_C~__~ E

F

FIGURE 3

must be complete before event 5 can occur and activities D and E
may begin. Activity F cannot start until activity D has been
completed and event 7 occurs. When both events E and F
have been completed, event 9 occurs and the project is ended.

An activity is defined by the numbers assigned to its beginning
event (i number) and ending f:!vent (j number). In Figure Three,
activity A is denoted by its i.- j number 1-5, activity B is 1-3,
activity D is 5-7, and so On, Each activity arrow~ have a
separate and unique i-j number. When there are two or more
arrows between the same two nodes, dummies must be used to
separately identify each activity. This application is illustrated
in Figure Four.

,
\

3A

B

/
/

'----C-0

A

c

8

FIGURE 4
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Figure Four (a) shows three activities with the same i-j number,
that is 1-3. To eliminate this undesirable situation, dummy
activities are inserted on activity paths A and B and each
activity's i-j number beconles unique as shown in
Figure Four (b).

In addition to numbering, Elctivities are identified by a brief
description of the work to be performed. This description is
normally placed immediately above the activity arrow. later,
when time requirements are determined and assigned to each
activity, they will be represented by a number indicating a
time value such as days, OI' weeks. This number is positioned
immediately under the activity arrow.

Figure Five represents a typical activity identified in the
manner just described. The activity involves the setting of
forms, its number is 1-2 and its duration is three days.

CD s__e_t_
3
_F_o_rm_s --..@

FIGURE 5

The examples on the followi:ag pages illustrate the interrelation­
ship of activities and the logic involved in their sequencing
and graphic representation.
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Case I - Activity B depends only upon completion of Activity A.

A

Network

B3 )-----l~ 5

Explanation

Activity B (3-5) cannot start
until Activity A (1-3) is com­
pleted.

Case II - Both Activities D nnd E depend upon completion C'f
Activity C.

7 )--_C~-+{

Network Explanation

Activities D (9-11) and E (9-13)
cannot start until Activity C
(7-9) is completed.

Case III - Activity H depends upon the completion of two
activities, F and G.

F151------,

17 I--~G_ ___'

Network

l--.....;.H-,---.., 2'
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Explanation

Activity H (19-21) cannot start
until Activities F (15-19) and
G (17-19) are both completed.



Case IV - Activities Land H both depend upon the completion
of Activities J and K.

Network Explanation

Activities L (27-29) and M (27-31)
cannot start until Activities J
(23-27) and K (25-27) are both
completed.

Case V - Activity a depends only upon the completion of Activity N.
Activity Q depends upon the completion of Activities Nand P.

Network

@_N--+l.~t---O--..t·(~l)

RI

®-P--+{"@~I-Q---.,.@

33

Explanation

Activity a (35-41) cannot start
until Activity N (33-35) is com­
pleted. Activity Q (39-43) can-
not start until Activities N (33-35)
and P (37-39) are both completed.
Activity R (35-39) is a dummy
activity which rectifies the logic
by restraining the start of Activity
Q (39-43) until Activity N (33-35)
is completed.



Case VI - Activities Wand T both depend upon completion of Activity V.
Activity T also depends upon completion of Activity S.

Network

~_,"",,--T~~I®

XI

@_V_-.l.®I--_W----.l~(§

Explanation

Activity W (47-55) cannot start
until Activity V (45-47) is com­
pleted. Activity T (51-53) can­
not start until Activities V
(45-47) and S (49-51) are com­
pleted. Activity X (47-51) is
a dummy activity which rectifies
the logic by restraining the start
of Activity T (51-53) until Activity
V (45-47) is completed.

Case VII - Activity D depelms upon the completion of Activities A and B.
Activity G depelms upon the completion of Activities Band E.

Network

A2 t--------.

~~
F:

@--=E-+I.®I-_~G_ ....~@

Explanation

Activity D (8-14) cannot start
until Activities A (2-8) and B
(4-6) have been completed.
Activity G (12-16) cannot start
until Activities E (10-12) and B
(4-6) have been completed. G'S
depending upon B is shown by
dummy F (6-12). Since Activity
G is not dependent upon com­
pletion of Activity A, it is
isolated from A by use of the
dummy C (6-8).



The following series of statements constitute a logic problem
that can be represented by a network diagram. Utilizing the
criteria developed thus far, it is suggested that persons with
little or no previous CPM experience perform the problem and
develop the network diagram in order to have a better under­
standing of the technique.

1. At the start of the project, A and B are initial
activities and are to be performed concurrently.

2. C, D and E cannot start until A is finished.

3. B must be complete before F and H can start.
F also depends upon the completion of A.

4. G cannot start until E and Fare complete.

5. J depends upon the completion of D and G.

6. K follows H.

7. L follows K and also depends upon the completion
of D and G.

8. M, the final activity, depends upon the completion
of C. J and L.



One of the several possible solutions for the logic problem is
shown in Figure Six.

c

D

A E
.

__~_~F~

___H__~~@II-- K__---'l~

FIGURE 6

L

All solutions should have the same flow of logic, regardless of
the appearance of the network. When a network such as the one
above has been developed, it is necessary that it be analyzed
with regard to the proper presentation of logic. The beginning
of each activity emanating from an event depends upon the
completion of all activities flowing into the same event.

To review a completed netwo:rk for accuracy of logic, one nmst
begin at the final event in a project and work backwards toward
the start, going from event to event, asking the following
questions about each activity:

1. Does each activity beginning at the event depend upon
all activities leading into the event?



2. Do all activities, upon which the one in question must
depend, lead into the event?

If the answer to both questions is yes, and if all activities
have been taken into account, the network diagram is complete
and represents the logical flow of work for the accomplishment
of the specified project.
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APPENDIX B

Crashing Critical Activities

In order to determine an optimum schedule in terms of project
cost, it is necessary that a minimum time also be determined
for the completion of a given activity. This minimum time
implies the use of more manpower and/or equipment in order
to accomplish the activity in the shortest possible ti~e.

Beyond this point, the employment of an additional manpower
and/or equipment mIl result only in a increase in cost with
no corresponding decrease in time. This expedition or "crashing"
of activities naturally reE:ults in a greater cost for an
activity than that involvec. in performing the activity in the
normal time.

The only way to expedite a project is by crashing critical
activities. The importance of this point cannot be over­
emphasized since herein lies much of the value of the Critical
Path Method. Too often in the past when a project has fallen
behind schedule, management has crashed the entire project in
order to expedite completion. Obviously this is not necessary
since only those activities that are critical need be crashed
in order to reduce project duration. Therefore, in order to
avoid a useless expediture of resources in crashing non-critical
activities, care must be exercised in selecting the activities
to be expedited.

From the normal and minimum time/cost estimates, the activity
time/cost relationship can be represented graphically as shown
in Figure Seven. The point at the extreme left of the activity
time/cost curve represents the "crash" condition and the point
on the extreme right of the curve represents the "normal"

condition. Several additional points have been plotted between
the two extremes in order to show that the time/cost relation-
sh~p is not necessarily liDl~ar. In most cases, however, the
relationship can best be ap:~roximated by assuming that a straight
line situation exists between the normal and crash points.
The linear relationship method is recommended when the network
analysis is to be performed manually. However, if the schedule
is to be prepared by electronic computer, it may be desirable
to include additional time/eost estimates for some or all
activities, since computer programs are available which will
consider individual increments of the time/cost curve.
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Referring again to Figure SE!Ven, it is readily apparent that the
slope of the time/cost curve can be calculated between the
crash and normal points. This slope represents the cost in
dollars per day to expedite a given activity and is calculated
in the following fashion:

SIDPE =
CRASH COST minus NORMAL COST
NORMAL TIME minus CRASH TIME

The usefulness of the slope of the activity time/cost curve is
obvious. Once it is decided that a project must be completed
in less than the summation of all normal time, the activities
that are least expensive to I~xpedite can be determined by com­
paring the slopes of the time/cost curves for all activities.
When possible, these least expensive (lowest cost per unit of
time) activities sholl ld be expedited first.
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The expediting of activities on the critical path will eventually
cause concurrent activities with small values of float to become
critical. When such a condition is reached, it ~hen becomes
necessary to crash both the previously critical and new critical
activities in order to further expedite the project.
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USER'S INSTRUCTIONS
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USER I S INSTRUCTIONS

CPMCL Rules

The following rules listed below will help to minimize the
number of errors when using CPMCL.

1. The deck consists of CPMCL commands and the data
associated with each command.

2. The first command of each CPMCL problem must be
'BEGIN'. The data for this command consists of
the user's name and the name of the problem to
be run.

3. Following the 'BEGIN' command, the commands and the
associated data as dl~scribed in this manual, are
used.

4. Keypunching of command cards and data are as follows: 31

A. One CPMCL commarul is keypunched in a card.
B. The command phrase must begin in card column

1 and must be SPI~ lIed as indicated in this
manual.

C. The data, if necE~ssary for the command, is
keypunched in card column starting after
CC-19 and can ext:end through CC-72 except
as noted in the command descriptions.

D. Comments may be keypunched after the last piece
of data for the c:ommand. However, at least 1
blank must be between the last piece of data and
the comment.

5. Any number of CPMCL problems may be run at anyone time,
the only requirement is that each new problem start
with a 'BEGIW' commar~. This is necessary due to the
deletion of a probieul when errors are encountered
in processing the corrmands.

liRe fer to section on Input Data Formats
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CPMCL Command Descriptions

The structure of CPMCL can be divided into three broad
areas of use. They are:

1. System commands
2. Planning and scheduling commands.
3. Updating and monitoring commands.

1. SYSTEM COMMANDS

A. COMMAND
LATA
PURPOSE

B. COMMAND
DATA
PURPOSE

C. COMMAND
DATA
PURPOSE

D. COMMAND
DATA
PURPOSE

TODAY' S DATE
The date of run; month, day, year
To provide the system with the date of the
run and to initiate the procedures for
the run. This card is used only once for
each run and is the first card of the
entire s,~t: of problems.

BEGIN
User's name and descriptive information
To indicate the start of a new problem
of critic:al path method calculations
and repo:rt s .

END OF RUN
None
To indicate that the entire set of problems
are completed and to terminate the computer
run.

CREATE MASTER FIlE
None
To set aside a disk file to be used for
maintainfng a CPMCL master file for
storing results.

2. PIANNING AND SCHEDULING COMMANDS

A. COMMAND. CALCUIATE NETWORK
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DATA ... Starting da.te of project; month, day, year
Following the command card, are the data
necessary for describing the network and
its associated data. The data consists of
a title card, activity cards and resource
cards.

(1) Network Title Card .. Any information necessary
to identify the CPM network. The first character
must be the digit 1. This digit is used to
position the paper in the printer so that the
network title will be printed at the top of the
page.

(2) Activity Cards .. One card is prepared for each
activity of the network, including dummy activities.
The following information is on an activity card ...

Tail Event Number
Head Event Number
Activity Duration
Activity Cost (optional)
Activity Description
Activity Work Option
Resource Functional Area (optional)
Resources Required (optional)

(A) Tail Event Number- right justified in card columns
(CC) 2-5. The tail event number is the number of
the event at the t,ail of the activity as shown on
the arrow diagram.

(B) Head Event Number ,. right justified in CC 7-10.
The head event number is the number of the event
at the head of the activity as shown on the arrow
diagram. For this program, it is necessary that
the head event number be larger than the tail
event number.

44



(c) Activity Duration - right justified in CC 14-16.
The activity duration is the time that is required
to complete a parti,cu1ar activity. The time unit
may have any base dl:!sired, such as working day,
calendar day, week or. month. However, for this
program, it is necessary that the time unit be a
working or calendar day (see activity work option).

(D) Activity Cost - ri~1t justified in CC 17-24.
The activity cost iB that direct cost incurred in
completing a particular activity.

(E) Activity Description - anywhere in CC 28-57.
The activity description is the information necessary
to identify the activity. The information can be any
combination of alphclbetic and numeric characters.

(F) Activity Work Option - CC 6l.
The activity work option provides a means whereby
changes can be made in the calendar dating of an
activity. The ca1er~ar dating is based on work
days and non-work dc:lys, such as holidays, weather
days, Saturdays and Sundays.
Through the following work option codes, the non­
work days can be cor~erted to work days for each
particular activity ...

CODE

o
1

2
3
4
5
6
7
8

DESCRIPTION

Use work days as specified in calendar
Disregard all non-work days

Disregard all holidays
Disregard All weather days
Disregard all Saturdays
Disregard all Sundays
Disregard all.holidays and weather days
Disregard all holidays and Saturdays
Disregard all holidays, Saturdays and Sundays
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(G) Resource Functional Area - CC 74
The resource functional area is used for classifying
different types of resources which are related to
each other, such as the resource area of engineers.
Each classification or functional area is assigned
a number and the particular resource area for the
activity is keypunched.

(H) Resources Required - CC 75-80
Each resource fun'~tional area is further broken down
into the individu.::tl resources associated with the
functional area. For example, the functional area
of engineers could be broken down into civil,
electrical, mechani.cal and chemical. Each individual
resource is assigned a number within the functional
area starting with the number 1 and consecutively
through the number 6. It should be noted that
exactly 6 card columns are provided for the resources.
The six card colunms represent the six possible
resource levels of a functional area. In each card
column is entered the required number of a particular
resource for the activity. If the activity does
not require all the possible levels (6) or any at
all, the digit zero should be entered in the unused
card columns. For example, if the functional area
code of engineers is 2 and the above breakdown of
engineers is used, with the requirement for 3 civil
engineers, 1 electrical, 2 mechanical and 0 chemical
engineers, would b,e coded as follows .

Functional Area
2

Resources Required
312000

(I) Network Completion - CC 4-5
When an activity cClrd has been completed for each
activity of the network, it is necessary to provide
one additional card. This card is used to indicate
that there are no further activity cards for the
network. To do thi.s, a tail event number of minus
nine (- 9) is entered in the card. It is a must that
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this card be used as a last card.

(J) In Submitting the activity cards for processing by
this program, the cards must be in a definite
sequential order. The order is, the tail event
numbers of the activities must be in ascending
order and in cases where the same tail event number,
the head event numbers must be in ascending order.
As an example

Tail Event No. Head Event No.
I 2
2 3
2 5
3 8
3 10
3 24

(3) Resource Description Cards . . One card is prepared for
each individual resource. The following information is
in a resource description card:

(A) Resource Functional Area - CC 1.
The functional area to which the resource is
associated, the value may be from 1 through 9.

(B) Resource Number CC 2.
The resource number Elssigned to each resource within
a functional area, me:y have a value of 1 through 6.

(C) Resource Description - anywhere in CC 6-29.
The resource description is the information necessary
to describe a particular resource, such as chief
accountant. The information can be any combination
of alphabetic and numeric characters. Referring to
the previous example, the engineers would be
described in the fo 1lowing way . . . .
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Resource
Area No.

21
22
23
24

Resource Description

Civil Engineer
Electrical Engineer
Mechanical Engineer
Chemical Engineer

(D) Cost Per Resource .. CC 30-39

(E) In submitting the resource description cards, it
is necessary to place one blank card following the
descriptions to indicate the end of the resource
description cards.

(4) Input Data Sequence . . The data is assembled with the
title card first, followed by the activity cards and
then the resource description cards.

B. COMMAND CALENDAR DATE
DATA To convert the starts and finishes from days to

calendar dates based on the project starting date
and the individual activity work option.

RESTRICTION.. This command can be used only after a 'CALCUIATE
NETWORK' command ha::l been given for the same problem.
Calendar is limited to five years.

C. COMMAND . TIME-SEQUENCE PIDT
DATE . None
PURPOSE .To provide a graphic:al representation of the interre­

lationships of the nctivities in a CPM network. The
result is a bar graph plot on a calendar day basis
of the activity duration from scheduled early start
to scheduled early finish and the amount of total
float.

RESTRICTION.. This command can be used only after a 'CALCULATE
NETWORK' command has been given for the same problem.
However, this command and a "CALENDAR DATE' command
can both follow the same 'CALCULATE NETWORK' command.
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D. COMMAND . PROJECT COST PWT
DATA . None
PURPOSE .To provide a graphical representation of the project

cost for the planned p-roject. The result is a graph
of accululated project cost for each week based on
each activity corr~leting by its early finish date.

RESTRICTION.. This connnand can be used only after a 'CAIENDAR
DATE' connnand has been given for the same problem .

E. COMMAND
DATA

. RES OURCE PWT

. Type of plot, sta.rt ing date of plot and finishing
date of plot, plot month, day, year, month, day,
year

(1) The type of plot is a code number used for specifying the
type of desired output. The code is the following

o - Plot each of the individual resources
1 - Plot a sunnnary of all resources
2 - Plot individual resources and sunnnary

(2) The starting date and finishing date are provided
in order to permit the user to obtain a plot of any
desired period of time.

PURPOSE .. To provide a graphical representation of the required
resources in a CPM network. The result is a histogram
plot on a calendar day basis of each of the individual
resources used on a project from the specified starting
date to the specified finishing date.

RESTRICTION.. This connnand can be used only after a 'CAlENDAR
DATE' command has been given for the same problem.
A mzximum period of time of 731 calendar days for the
plotting period with a limit of 12 individual plots.

F. COMMAND . CRITICAL ACTIVITIES
DATA . None
PURPOSE .To identify the activities which are critical to

the completion of the project. The result is a
tabulation of the activities scheduled calendar
start and finish dates and the resources required
for the individua.l activities.

RESTRICTION.. This connnand ca.n be used only after a 'CAIENDAR
DATE' connnand has been given for the same problem.
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3. UPDATING AND MONITORING COMMANDS

A. COMMAND·. RESERVE SCHEDUIE
DATA Project number and identification.

(1) Project Number - CC 20-25
The project number is any combination of up
to six digits which are used for identifying
the pro jE~Ct.

(2) Project Identification - anywhere in CC 26-72.
The project identification if any combination
of letters and numbers which will identify
the pro jE:ct.

(3) The combination of the project number and
identification must be unique for each CPM
project. This is necessary due to the projects
being filed by this number and identification.

(4) It is suggested that once a project number
and identification have been assigned, that
duplicate cards be made containing the in­
formation in CC 20-72.

PURPOSE To add the calendar dated schedule of the
project to the existing CPM master file.
The reserving of a schedule makes it
available for any subsequent updating and
monitoring commands.

RESTRICTIONS .. This command can be used only after a
'CALENDAR DATE' command has been given for
the same problem .

B. COMMAND.
DATA

(1)

. DEIETE SCHEDUIE

.Project number and identification
The project number and identification are
the same as described under the 'RESERVE
SCHEDUIE' ,command.



(2) For this command to be successful in deleting
a project, it is necessary that the number
and identification given with this command
agree exactly with a number on the CPM
master file.

PURPOSE .. To remove the specified project from the CPM
master file. This action could be taken once
a project is completed or if a new schedule
is to be calculated for the same project.

C. COMMAND .. UPDATE SCHEDULE
DATA Project number and identification.

(1) The project number and identification are the
same as described under the 'RESERVE SCHEDULE'
command.

(2) The fo llowing update verbs are used to update
an existing project reserved on the CPM
master file

(A)

(B)

(C)

VERB.
DATA

PURPOSE .

VERB.
DATA

PURPOSE .

VERB.
DATA
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STARTED ACTIVITY
Activity event numbers and
the actual start date, tail,
head, month, day, year
To provide information on the
actual starting dates of the
individual activities.

COMPLETED ACTIVITY
Activity event numbers and
actual completion date, tail,
head, month, day, year, cost
To provide information on the
actual completion dates and
cost of the individual activities.

RESOURCE CHANGE
Activity event numbers, functional
area and required individual resources;
tail, head, functional-area,
required-resources (6)



PURPOSE

(D) VERB.
DATA

PT.JRPOSE

To provide information on the
revised requirements of resources.
The verb can be used to correct
errors or to reflect a revised
estimate of resource requirements.

COST CHANGE
Activity event numbers, and
cost; tail, head, cost.
To provide information on the
revised cost requirement for
an activity. The verb can be
used to correct errors or to
reflect a revised estimate of the
activity cost.

(E) VERB. DURATION CHANGE
DATA Activity event numbers and

duration; tail, head, duration.
PURP08E To provide information on the

revised work option requirement
for an activity. The verb can
be used to correct errors or to
reflect a revised estimate of
the activity work option.

RESTRICTION.. The verb does not initiate the
necessary calculations to re­
schedule the project.

(F) VERB.

DATA

PURPOSE
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WORK OPTION CHANGE
Activity event numbers and work
option; tail, head, option.
To provide information on the
revised w~rk option requirement
for an activity. The verb can be
used to correct errors or to
reflect a revised estimate of the
activity work option.



RESTRICTION.. The verb does not initiate the
necessary calculations to
reschedule the project.

(G) VERB. DEIETE ACTIVITY
DATA Activity event numbers; tail,

head.
PUR:POSE To provide for the deletion of

any activity from the network.
The result is to revise the reserved
network to reflect changes in
plans or to correct the sequence
of activities.

RESTRICTION.. The verb does not initiate
the necessary calculations to
reschedule the project.

(H) VERB.

DATA
ADD ACTIVITY
All activity data required
for the original calculation
of the network.

CARD COLUMN

20-23
24-27
28-31
32-39

40-69
70
71

72-77

(1) The data is discussed under the
I CALCUIATE NETWORK I command.

(2) Due to the large amount of
information for this verb, a
specific format for presenting
the data on the verb is necessary.

(3) The format is .
DATA

Tail Event No.
Head Event No.
Activity Duration
Activity Cost
Activity Description
Activity Work Option
Resource Function Area
Required Resources (6)



D. COMMAND.
DATA

PURPOSE

PURPOSE .. To provide for the addition of
an activity to the network. The
result is to revise the reserved
network to reflect changes in plans
or to correct the sequence of
activities.

RESTRICTION.. The verb does not initiate
the necessary calculation~ to
reschedule the project.

(II) VERB.. END OF UPDATE
DATA None
PURPO::>E To indicate to the updating

operation that all update verb cards
have been processed.

STATUS REPORT
Project number and identification
(1) The project number and identification are
the same us described under the 'RESERVE
SCHEDULE' command.
To providE~ a status report for all activities
in the project. The result is a tabulation of
each activity consisting of the scheduled and
actual stE,rt date, scheduled and actual
completiorc date and the activity status. The
status is indicated by one of the six phrases
which fo llow:

(A) Comp leted
(B) In progress
(C) Past early finish
CD) Delaying project
(E) Late starting
(F) Not in progress

E. COMMAND.
DATA
PURPOSE

EXCEPTION REPORT
. Project number and identification

To provide a status report for the critical
activities in the project. The result is
a tabulation of each critical activity
that has not been completed and for any
previously noncritical activity that is
delaying the project. The status phrases



shown under the 'STATUS REPORT' command
are used as well as the phrase 'NEW'
which identifies the previously non­
critical activities delaying the project.

F. COMMAND ••PREPUNCH CARDS
DATA •••Project number and identification

(1) The project number and identification are the same
as described under the 'RESERVE SCHEDULE' command.

PURPOSE ••To provide an easy method for the reporting
of the activity starting and completion
dates. The result is two prepunched cards
for each activity in the network, except
for dummy activities, which are used in
subsequent updating operations. The card
contains • • • either the update verb
'STARTED ACTIVITY' or 'COMPLETED ACTIVITY',
the event numbers, the activity description,
for identification only and the
project num"ber.

G. COMMAND •
DATA

•MULTI-PROJECT
.Type of plot, starting date of plot and
finishing date of plot, plot month, day,
year, month, day, year

(1) The type of plot is a code number used for
specifying the type of desired output. The code
is the following • • •

O. Plot ea,::h of the individual resources
1. Plot a ::mmmary of all resources
2. Plot individual resources and summary

(2) The starting date and finishing date are provided
in order to permit the user to obtain a plot of
any desired period of time.

PURPOSE .•To provide a graphical representation of two
or more cownon networks. The result is a
histogram plot on a calendar day basis of
each of the rresources used on two or more
projects from the specified starting date to
the specified finishing date.
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RESTRICTION ••This con~and can be used only after a
'RESERVE SCHEDULE' command has been given
for the two or more problems. A maximum
period of time of 731 calendar days for
the plotting period with a limit of 12
individual plots.

H. COMMAND •• TOTAL
DATA •••Project number and identification. The

project number and identification are
the same as described under the 'RESERVE
SCHEDULE' command. It requires one of
the cards for each project you totaled
or concatinated into a multi-project
report.

PRUPOSE • .Same as described under the 'MULTI­
PROJECT' command.

RESTRICTION • .Same as described under the 'MULTI­
PROJECT' command.

I. COMMAND. •STOP
DATA .None

PURPOSE ••To indicate that the entire set of
'MULTI-PROJECT' problems are completed
and to terminate the computer run.
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COMMAND
CARDS

..J

_....J

CPM
MASTER

FILE

CALENDAR
DATED

SCHEDULE

UPDATE
CARDS

PREPUNCH
CARDS

TIME­
SEQUENCE

PLOT

CRITICAL
ACTIVITIES

LISTING

CRITICAL
ACTIVITIES

STATUS OR
EXCEPTION

REPORT

STATUS OR
EXCEPTION

REPORT

I
L.:.-..--..----J I

I
(
L

PLANNED
PROJECT

PLOT

UPDATED (
CPM

MASTER
FILE

UPDATED
CPM

MASTER
FILE

i i-------::.. -::. =. ===rr::@: TRAN':""OR ;....i' ==::.-::..---:--i~
I I WORKING J I r ...., 1 I I WORKING ,

I I SCHDE~~LE I I "GTITLE CAFl.D I I , DA Y II t,CTIVITY CARDS I I I SCHEDULE J
I I I I I RESOURCE CARDS I, I I

I J " I : I
CALENDAR I I I TlME- II DATE J I L - I L - SEQUENCE

I I I I PLOT

I I I I
I II CALENDAR I WORKING

, DATED DAY
SCHEDULE I SCHEDULE

I I I
I I I
, CALENDAR CALENDJ.\.R I
I DATED DATED I

SCHEDULE SCHEDULE J
I I

I I I I
, , I PROJECT I

RESOURCEL I COST --'
I - PLOT I PLOT

I I
I REQUIRED I
J RESOURCES I
I PLOT I
I ,

CPM
I MASTER'
I FILE I
I I
I I
I J
I ,
L__ L

PROJECT MAN,AGEMENT SYSTEM
COMMAND LANGUAGE SYSTEM FLOWCHART
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__-------......~i P1

IREAD
~MMAND

IINTERPRET
COMMAND

PROCESS.
COMMANDS ,...._N_O -<
UNTIL NEXT

BEGIN

YES

Ci:ALL
NECESSARY

SUBnOUTINE

UPOI\I RETURN
FROM CALLED
SUBBOUTINE

CALL
DECODE

SUBROUTINE

YES NO
>-----tl~ P1

PMS TRANSLATOR FUNCTION
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PROJECT }IANACE.'rr::,j"f SYSTEM
HIGHWAY LOCATION. DES II;N, l'S and E, and CONTRACT AWARD

rail Head
Ellent Event
No. No.

DJJ~-ation

O<,.ys
Cost
$

Activity Descri.ption Work
Option
0-8

Res. Fund
Area

1 - 9

Resources
Required

1 2 3 4 5 6

2 4 Assiszn Proiect Prioril:y
4 6 Obtain Existing Maps and Photo- -

graphv
F. 8 Establish General Des:lgn Controls
(, 10 Field Review of Alternate Routes

--L- 12 Studv Alternate Route..
R 12 Dull1llI'l

10 12 Dummv
12 14 Prepare Reconnaissance Report
14 16 Approve Reconnaissance Report
16 18 Review Existing Maps and Photo-

l1:raphv
18 2' Field Location Studiell
18 2 PreliminarY Soils InvE!stil1:ation
70 7 PreliminarY Survey
n 2 Prepare Topo Maps
24 26 Establish Desian Critl,ria
24 28 Field Review of Alternate Lines
24 30 Proiection of Alternate Lines
26 30 Dummv
IR 10 Dummv
\0 2 Preuare Location Report
l2 4 Approve Location
34 16 Subsurface Investigation
1t. 18 Location SurveY
1t. 40 Obtain Desil1:n Cross-sl,ctions
34 42 Brid\!.e Site SUrVey-
38 40 Assemble Design Data
40 46 Final Adiustment of Line and Grade
42 4. Prepare Outline Sketch
44 4: Obtain Bridge Borings
4(, 'il Dummv
4(, S. Prepare Roadwav Plans
48 S( Dummv
'i0 'i Preoare Brid"e Plans
i7 'i Dummv
;2 6. Preuare Bridge Estimate
;2 6 Prepare Brid-ge Special Provisions
it. 'il Plans-in-hand Insoection
'i(' 'il Comolete Bridl1:e Plans
'i6 61 Comolete Roadwav Plans
56 64 Prepare Roadway Estimate
% 66 Preoare Roadway Snecial Provisions
'iR 62 Dummv
'if! 70 Complete Checking Bridge Plans
60 64 Dummy
60 70 Complete DraftinlZ Roadway Plans
62 64 Dummv
62 66 DummY
64 66 Dummy
6t. 68 Determine Contract Time
/i6 70 Assemble PS&E
98 70 Prepare Construction Engineers

Estimate
70 72 Review PS&E
72 74 Review Advance PS&E
7? RO Obtain WalZe Rate Determination
7l. 7(, Revise PS&E
76 78 Aoorove Final PS&E
7R 80 Prenare Bidding-Documents
RO f!2 Advertise
R2 84 Award Contract
84 86 Contractor Execute Contract
84 88 Preconstruction Conference
86 88 Move In
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u 1001000
0 lOOUOll
u 1110000
0 1000111
0 1000011

0 1000011
I) IOiJIIO{J
() lUQOOl1
u 211111u
0 211111lJ
IJ 2111110
0 2110010
0 1110000
(I 1000lIi
() 2110010

u 1000011
u 1001100

TOUAYS OATE 03 30 73
BEGIN 000001 P~S-CPM HIGi~AY LUCATION ~UN OOUG ~EIO

CREATE MASTER fILE
CALCULATE NETWORK 03 3U 73
1000001 P~S-CPM HIGHWAY LOCATION RUN OOUb H[IQ

~ 4 1 ASSI~N PROJECT p~lORITIES

4 6 i 0HTAIN EXIST MAP~ AND PHOTuS
6 8 2 t:ST i'ENEJ.<Ai_ lit::SI,~I'l CONTROLS \
h 10 1 fIEL0 ~EVIiw ALTcKNATf RUUTES
6 12 2 STUDY ALTE~NAT~ KOUTES
Ii 12 'Jur-1f111Y

10 12 fUM'v1Y
12 14 2 P~l:.f-'ARt KtCO~ RE.iJO'H
14 16 1 t.PPROVt RE:.CO"i Rtr'ORT
16 18 i ~EVIEw tKI~T MAPS ANU PHUTOS
I~ 20::l FItLLJ LOCtITIU,'l SILJLlY
IH 24 I PRtLIM SOILS INVtSTIGATION
~o 22 ~ PRtLIM SURVE.Y
~2 24 S P~E:.P4Rt TO~O ~AP~

('4 26 7 r~T/~dLlSH dESIGN CRIff-KIA
24 2H c F H:'Ld kEVIEvi ALTt~l\lATt: Ll~tS

24 30 2 Pl.<O.Jc:CTlIL -- E"<I-.JA Tt. LIi'Jt::S
26 30 'lUMr-1y
28 30,U"'1MY
30 32 c Pl-<tPARE LOCATION REPURT
32 34 I APPROVE LOCATION ~EPORT

-~

II HW ENGR WASH OFFIC~ 117
12 Hili E""GR Rt:.GION·'lL '/b
13 HW ENGR dIVISIG:··j ~\,j

14 Hili ENGR DISTRICT 68
15 HW EI\IGk Ai'<tA ENGR '.)7
16 HW ENGR TRAINEE 4~

21 TECH TRANSIT <v1AN Lf.3

22 TECH ELECTROTAPE 33
23 TECH ROOlv1AN Ji
24 TECH TAPt:MAN 31
25 TECH BOOKK~EPE~ JO
26 TECH dRUSH CUTT~R I~

I::.NU RESOLJRSEs
CALENDAI"I DATE
CRITICAL ACTIVITIES
TIME-SEQUENCE PLOT
PROJECT COST PLUT
RESOURCE PLOT ? 03 30 13 O~ 24 73
~ESERVE SCHEDULE:. OoOonl PMS-CPM HIGnWAY LUcATION RUN IJOUG REIU
TODAYS DATE: 4 10 7J
~EGI~ OOoOnl P~S-CPM HIGHWAY LUCATION RUN UOUG REIU
UPDATE SCHEUULE Ooooni PMS-CPM HIGHWAy LOCATION RUN DOUG REI0
STARTED ACTIVITY ? ~ 3 30 73
COMPLETED ACTIVITY ? 4 4 02 7.:.
STARTED ACTIVITY 4 0 4 2 7~

COMPLETED ACTIVITY 4 h 4 ~ 73
STARTED ACTIVITY ~ d 4 ~ 7~

COMPLETED ACTIVITED ~ d 4 II 7J
ST AI"iTED ACYl V!TY '-,. 10 4 b lj
COMPLETED ACTIVITY ~ 10 4 12 73
STARTED ACTIVITy ~ 12 4 S 7J
END OF UPDATE
STAT0S REPORT Ooooni ~MS-CPM HIGH~~Y LUCATIUN RUN uQLJu K~ID

EXCEPTIOhJ REP0R'I oooor)I P;v)S-ClJiv1 rlIGilwAY LuCATION kLJi-.J li0Uu r<tID

Report 2 70



l"1U S TYbAK

(J luOlooa
\) 1Dono 11
() III 0000
II 1000111
(I IvOOO11

I! 1001)011
(j 1001100
() 1000011
I) 2111110
II 2111110
I) 2111110
i) 211uOln
() 1110000
0 1000111
0 2110010

\) 1000011
I) 1001100

TODAYS DATE 1 13 73
BEGI~ 000002 ~MS-CPM rlIGrlW~Y LUCATION ~UN

CALCULATE NcTwO~K 03 13 73
1000002 PMS-CPM 'iT C,rlwAY LuC'IT 1uN r<UN 1"1,) STV (JAR

? 4 1 i~5SIGN PkO,Jtl-T Pt-iLQRIT1ES
4 6 2 O~T4IN ExIST MAPS ANO PrlOT0S
6 13 c: r:ST ijENERIlL lJt:.SlGN CUNT>(OLS
~ 10 1 f[~LD REvIlW AlTt~NAT~ ~OUrtS

6 12 3 STUDy ALT~~N~TE ~uUTt:.S

~ 12 DUMMY
10 12 Ju r•1"'1Y
12 14 2 PR~PA~t ~E~UN ~EPUHT

14 Ih 1 APP~uV~ ~fCu~ ~t:.~O~T

16 18 2 wEvl~w ExIST M6P~ AND PrluTUS
18 20 J F It:.LU LOCI.ITION S rUUY
1~ 24! P~cLIM SOILS INVcSTIGATlu~

~a 22 lu PRELIM SURVLY
~2 24 5 P~cP6Rt TOPU ~~p~

24 26 7 EST4~LISrl UESIGN CRITfRIA
24 2'\ 2. FIll!) REVIEw l\LTERNATt:: LI"ltS
24 30 2 rlROJt:CT At.. rt.Ri\JATc L II\j-ES
26 30 JlH,l:vly
2~ 30 ,\!),'4i'4y

30 32 2 PRt:.~4Rt LJCA[iUN ~tPQ~T

32 34 I APP~0Vt LOCATION ~t~U~T

-~

11 HW ENGR WASH OFFIC~ 111
12 HW ENGR REGION~l ~M

13 HW Ei\jGR u!VISIOI\1 ,:U
14 HW tNG~ DISTRICT r)~

15 Hv~ ENGR ARE A FI\I(~f< ',7
16 HW ENG~ TRAINE~ ~~

21 TECrl TRANSIT ~4N 43
22 TECH ELECTkOTAPr JJ
23 TECH RODMAN )2
24 TECH TAPEMAN j 1
2~ TECH ~OOKKEEPER JO
co TECH ~~USH CUTT~R c~

ENI) RtSOU;:"S€c:;
CALtNDAR DATE
CRITICAL ACTIVITIES
TIM~-SEQUENCE PLOT
PROJtCT COST PLOT
RESOURCE PLOT ? 03 13 /j U::> -I 7.J
RtStpVE SCrll::.L>ULE OOOO()2 PMS-O'M HlCJHW,~Y LOCAT lU/\J RUI\J ,'Ie S fYGAk
MULT[-PROJECT ? 3 13 73 ~ 2~ 73
TOTAL 1000001 PMS-C~M HIGHwAY LOCATION ~UN 00UG ~~10

TOT/~L 1000002 PMS-CP~ r-dGHVlAY lOCtITION RUI~ H'J STYvAi':
STOP MULTI-pRUJtCT 000001 ~~D UUOUUc
ENiJ OF RUI\J
1*
II
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