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ABSTRACT

A CRITICAL PATH PROGRAM MANUAL

Submitted to the Department of Civil Engineering on May 17, 1963,

in partial fulfillment of the requirement for the degree of Bachelor

of Seience.

This thesis presents a program manual that was written to describe
and facilitate the use of a program for critical path scheduling, CPFS 300,
that was developed in the Civil Engineering Systems Laboratory of the
Massachusetts Institute of Technology. In the study and testing of
CPS 300, several points of eriticism appeared. This resulted in the
eritique and the suggestions for its revision which are also included
herein. In particular, a new flow algorithm was written which may be
more efficient than that presently used in CPS 300. This flow algorithm

can be integrated into the main program, as is illustrated, but is also

presented here as a separate program.
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I INTRODUCTION

Within the past four years there has been considerable attention
paid to the methods of critical path scheduling and to adapting CPM to
the tools of high speed computation. This interest has been the result
of a search for a more exacting and efficient technique to facilitate the
planning of large and complex projects in construction, manufacturing,
and research and development.

PERT (Program Evaluation and Review Technique) and the IBM LESS
are two of the more notable computer programs for scheduling that have
evolved. However, many of these programs do not furnish a complete and
detailed array of possible project schedules that would benefit management
in planning decisions. With the goal of attaining a program that would
accomplish this, a considerable amount of work was done in the Civil
Engineering Systems Laboratory at M.I.T. in the spring of 1962 under the
direction of Mr. J. L. Cutcliffe.

Two major accomplishments in the form of Master's Theses resulted
from this work: "A Computer Approach Towards Developing Critical Path
Networks" by D. R. Pennell, and "A Digital Computer Solution to the
Critical Path Problem and an Approach to Resource Allocation® by
Je R. Farmer. The Pennell thesis presented a program that would develop
the activity network used as a model in critical path analysis. This was
basically done by considering the precedent restrictions of each activity.
The Farmer thesis presented a program that would do the actual network
computations and would output an array of schedules with their related

costs. Both programs were finally combined by Mr. Cuteliffe, and the



composite program was called CPS (Critical Path Scheduling) 300. However,
no effort was ever made to describe the operation or use of CPS 300, and
thus the program manual in Appendix A became the object of this thesis.

As the program manual states, the basic purpose of a eritical path
analysis is to generate a spectrum of project schedules, each schedule
being at a minimum project direet cost for the specified projeect duration.
CPS 300, upon a preliminary investigation, appeared to accomplish this.
This indicated that writing a manual for its use would be a profitable
undertaking.' However, a further study showed some inefficiencies and poor
programing techniques existing, which could not be fully corrected because
of the time limitations in preparing this thesis.

A considerable amount of study was spent on the flow algorithm used
in the network computations, which may be considered the "heart" of the
program. It appeared that a more logical and efficient algorithm could
be found, and, thus, the program presented in Chapter IV was written.

To maximize the efficiency of CPS 300 a full reorganization and
change of format will probably be necessary. As it exists now it is a
combination of three chains, each written separately (CHAIN(1,AL) byl
Pennel, and CHAIN(2,B2) and CHAIN(3,B3) by Farmer) and conmected only by
output and input statements. Chapter V presents a suggestion for such a

reorganization.



ITI WRITING OF THE MANUAL

The writing of the CPS 300 manual was actually the final step in
this study. Before any description could be written, it was necessary to
understand the general operation of the whole program plus the detailed
operation of its more important parts, particﬁlarly the flow algorithm.
The testing of the flow algorithm was done on an IBM 1620 computer, the
whole program being tested on the IBM 7090. With an understanding of the
operation and the technical restrictions of the program, the manual could
be written.

The general format followed in the manual is thét of the technical
publicatipns of the Civil Engineering Systems Laboratory at M.I.T. 1t
was assumed that the user of CPS 300 would have some knowledge of critical
path scheduling techniques and a basic understanding of the mathematic&l
ﬁethods associated with them. Therefore, no detailed theory of critical
path is given, but rather stress is placed on the operation of CPS 300
and how it uses the theory. However, the introduction to each deseriptive
section briefly explains how critical path techniques function, so that
CPS 300 can be understood in the context of the theory.

Since the program is divided into three chains, the deseription of
each chain is given separately. The operation of eachichain is presented
in the form of a macro flow diagram, with the individual operations
discussed in the text. The less important operations are just mentioned,
but the main parts of the chains are further discussed. The presentation
of the network development méthod is lengthy and complicated. This was
difficult to avoid because of the intricacies of the program. To illus-

trate the flow algorithm, a micro flow diagram was used. This allows the
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CPS 300 user the option of further investigating the program operation
without having to search through a lengthy discussion.

After Section 2.0, which describes the operation of the program, the
remaining sections deal with the technicalities of using it. Seetion 4.0
serves as a summary for the more detailed description of the input format
that is included in Section 3.0. The Operating Instructions, Section 5.0,
are given for the IBM 7090 Fortran Monitor System. These instructions
may have to be altered for other systems, particularly with the use of
tapes. Section 6.0 presents the output format for each chain.

The Appendix includes a list of references for the CPS 300 user who
is not familiar with critical path scheduling techniqﬁes. It also includes
a micro flow diagram of the flow algorithm, a program listing, and a sample

problem with the computer results.
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III CRITIQUE OF CPS 300

The study and testing that was done in preparation for writing the
CPS 300 program manual revealed several inefficiencies and possible
deficiencies in the program. The inefficiencies stemmed both from
programing techniques and redundant routines.

One of these techniques is the zero initializing of large, sub-
scripted arrays in the network development chain. This is done, for
example, in the statements preceeding statement number 9000, which writes
zero values for several subscripted variables on Tape 9. This is
unnecessary since values are read onto the tape directly over any values
that the tape may already contain. The same technique is further used to
initialize the IPRD precedent array in statements 5 through 7.

The efficiency of the flow algorithm in the network computation
chain may also be questioned. This concern arose over the large number
of transfer statements that appeared in a program trace of the algorithm.
The large number of transfers from one IF statement to another suggested
that it may be inefficient. Thus the new algorithm presented in the next
chapter was written.

Since the chains of CPS 300 were originally written as separate
programs, there appears to be some redundancies in their operation. The
most evident among these is the arrow renumbering routine that is included
in both CHAIN(1,A4) and CHAIN(2,B2). A network that has been developed by
CHAIN(1,A4) and whose node numbers have already been put in order for the
operation of the network computations, CHAIN(2,B2), is renumbered in the

latter chain. This second renumbering is unnecessary and could waste a



considerable amount of computer time for a project of many activities.

In the testing of CPS 300 on tﬁe IBM 7090, considerable difficulty
was encountered with some of the example problems used. The program, as
written, is supposed to check for common network logic errors and is to
stop if any of these occur. In several test runs, a loop appeared in
CHAIN(1,AL). This suggests that there was some form of network loéic
(or some violation of such) that the program could not accept. A
criticism does not arise from the fact that this logic could not be
accepted, but from the fact that neither a check nor a warning was
provided to tell the CPS 300 user of the error. Because of this, one
computer run on the IBM 7090 looped continuously for fifteen minutes and
furnished no output.

One further ckiticism is with the input data format. The fields
are arranged so that, in reading the data, it is often difficult to
distinguish one word from another. Although this is only a matter of

convenience, it eould be corrected.
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IV NEW FLOW ALGORITHM

The study of CPS 300 lead to a search for a more efficient flow
algorithm. The new algorithm was originally written as a separate
program that included a scheduling routine. As it is listed in Appendix B,
it can perform all the basic functions of the network computation chain of
CPS 300 except the check and node renumbering operations.

In order to perform an accurate check of whether this new algorithm
is actually more efficient than the one presently used in CPS 300, it
would be necessary to replace the main part of CHAIN(2,B2), the forward
and backward Iterations and the flow assignment, with the new algorithm.
Using the same example problem, a comparison of the computer time used
for each algorithm within CHAIN(2,B2) could be made. This was attempted,
but difficulty encountered in CHAIN(1,A4) with the network logic of the
test problems (referred to in the previous chapter) did not allow the
program to proceed as far as the algorithm. However, the new algorithm
has been prepared to directly replace what the program manual refers to as
Operations 8, 9, and 10 of CHAIN(2,B2) so that further testing can be done.
A listing of this in substitutable form is given in Appendix C.

The new algorithm was debugged and tested on both the IBM 1620 and
7090 and is available in Fortran language as a separate program for both
computers. The listing in Appendix B is for use on the 7090.

Basically, the input format is the same as that used for CHAIN(2,B2)
of CPS 300 except that no preferred duration is included. This field is
left blank. One extra card is necessary at the beginning of the data

giving the number of activities (KMAX) and the number of nodes (LMAX) of



the network. A blank card is not necessary at the end of the data. The
nodes must be numbered in order, i.e., the number of the node at the
beginning of an activity must be less than the one at the end.

The program generates a list of schedules which include the name,
starting and ending node, early start, late start, early finish, late

finish, total float, and free float of each activity. At the end of

each schedule, the project duration and cost for that schedule are printed.
The final schedule will have a cost of 1000000, which the 7090 program
outputs as infinity. 999999.99 is the final cost on the 1620 computer,
the difference being due to rounding. A zero total float indicates a
critical activity. A short, theoretical problem is also given in

Appendix B to illustrate the program operation.
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V SUGGESTIONS FOR THE REVISION OF CPS 300

Hven if the problems that have been mentioned with CPS 300 were to
be corrected, an efficient CPM program may still have not been developed.
It appears that to make the program efficient, it would be necessary to
completely reorganize it in order to remove the redundancies caused by
combining the chains. This could be done by dividing the operations
referred to in the program manual into subroutines. These subroutines
could possibly be called by using the new computer languages now being
developed in the Civil Engineering Systems Laboratory at M.I.T., COGO and
STRESS. The main subroutines would contain the operations for the actual
network development and computations. These would be surrounded with sub-
routines for reading, checking, node renumbering, considering preferred
durations, and printing. A subroutine would only be called when required.
A suggestion for the division of CPS 300 into these subroutines is shown

below with the proposed subroutine names and functions.

SUBROUTINE READ To read input data.

SUBROUTINE CHECK To check for network logic errors
in the input data.

SUBROUTINE START To find and check for starting
events.,

SUBROUTINE DEVEL To develop activity network from
precedent restrictions.

SUBROUTINE END To find and check for one ending
event.

SUBROUTINE RENUM To renumber the network nodes in
order.

SUBROUTINE PRINTL To print network development data.



SUBROUTINE COMP

SUBROUTINE COST

SUBROUTINE RANGE

SUBROUTINE PRINT2

SUBROUTINE PREFER

SUBROUTINE PRINT3

To make network computations.

To find the minimum total
project cost.

To check for the range of wanted
output.

To print network computation
data (schedules).

To consider preferred activity
durations.

To print schedules considering
preferred durations.

Such a system has two distinet advantages. First, only those

10.

subroutines that are to be used are called. This wouid avoid redundancy

and would conserve computer time and storage space.

efficient subroutine were ever developed, it could easily replace the

Second, if a more

existing one without upsetting the structure of the whole program or of

other subroutines.
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VI CONCLUSION

CPS 300 cannot be considered an ideal program for critical path
scheduling because of its operation. This does not infer, however, that
the time to prepare and write the program manual shown in Appendix A was
not well spent. Several of separate routines of the program are well
written, and credit is due to Messrs Pennell and Farmer for thei? work.
It is hoped that the manual will serve to facilitate the use of CPS 300
until further testing and possible revision can be made. Beslides the
technical benefit of the manual, this project has certainly provided the
writer with an insight into the methods of critical path scheduling and

the techniques used in their programing.
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CPS 300
CRITICAL PATH PROGRAM

1.0 INTRODUCTION

With the inecreasing size and complexity of industrial and
construction projects there has come a recognition of the need for
new management techniques to provide for efficient planning and
scheduling. One of the first approaches to this problem was the
éevelopment of critical path scheduling methods (CPM). This
manual describes an electronic computer program, CPS 300, that
utilizes the technique of the critical path method and provides an
optional algorithm that develops a representative network of the
project activities. The manual is written with the assumption that
the reader has some understaqding of the basic mathematical tech-
niques involved in critical path methods. (See References in
Appendix. )

Although CPS 300 is one of the most complete programs that
has been developed for project scheduling, it will not make the
final decision of the optimél schedule. This is function of the
goals and restrictions of the CPS 300 user. However, the program
does provide a detailed array of project schedules and their

respective durations and costs.
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2.0 DESCRIPTION

2e1

CPS 300 was written in FORTRAN language primarily for use on
the IBM 709/7090 Computer. It is divided into three parts,
referred to in the program as chains.

CHAIN(1,A4) is an algorithm that develops a network of project
activities, CHAIN(2,B2) does the actual network computations, and
CHAIN(3,B3) considers the preferred durations of the project
activities. These chains may be used in combination or separately
(except CHAIN(3,B3), which is dependent on the output of CHAIN(2,B2)).
For example, the CPS 300 user may wish to construct a network diagram
by hand methods and would, therefore, only have to call CHAIN(2,B2).
He would call CHAIN(3,B3) if he wished to consider any preferred
durations of the activities. The signals for calling the different
chains are included in the control card which is described under

Section 3.0.

NETWORK DEVELOPMENT - CHAIN(1,AL)

A critical path analysis requires a network of project
activities which serves as a mathematical model for computations.
A simplified example of such a network is shown in Figure 1. Each
link of the network represents an activity of the project, and each
node represents an event which may be the start or finish of an
activity. (This is often referred to as an arrow diagram, the
arrows representing activities and the arrow heads and tails,

events. )
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FIGURE I

The network is constructed according to restrictions on
activities; in other words, the start of one activity is dependent
on the completion of one or more other activities. The breakdown
of a project into separate activities is determined by several
factors: type of work, predominant labor classification, work
responsibility, work location, and practical considerations
according to how the work is to be accomplished.

Only the breakdown of activities and their precedent restric-
tions (in any order) are required for the operation of CHAIN(1,Ak).
(Time and cost data is also included in the input data but only
for use in the actual critical path computations.) Bach activity
is represented by an assigned number. The program then develops a
logical network and outputs the node number at the start and finish
of each activity. Figure 2 illustrates the general operation of
CHAIN(1,AL).

- Operation 1 contains the necessary dimension statements and
orders the input data to be read.

Operation 2 checks to find if the number of input activities
exceeds the capacity of CHAIN(1,A4). If this number is exceeded,

the computer will stop and will print out a statement to that
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effect. The capacity is actually governed by the stbrage size of
the computer being used. For an IBM 7090 Computer the maximum
number of activities is 2600.

Operations 3 through 7 search the input data for logic
errors. LIf such an error is found, except in Operation 6, the
computer will stop and the error will be printed out. Operation 6,
check for redundant precedence restraints, will remove any such
restraints which would cause the creation of redundant dummy
activities. Although these dummy activities would not cause an
erroneous network, they should be avoided to reduce the later work
of the program.

Since no restrictions are placed on thé order in which precedent
activities are listed in the input data and since Operation 6 may
have removed some redundant precedent restraints, possible discon-
tinuities will exist in the precedent array. (This array is
referred to in the program as the IPRE(N,L) array, where L equals
one to seven columns.) Operation 8 proceeds to correct these dis-
continuities by ordering and closing the array.

Operations 9, 10, 11, and 14 compose the main part of
CHAIN(1,A4): find and number the initial nodes and terminal nodes,
and number the actual and dummy activity nodes. If an activity is
not preceded, the program assumes that it is an activity which
commences the project. Any number of activities may fall into this
category, and each of their respective starting nodes are labeled
as ones

After the initial node(s) has been found, the program proceeds

to number the actual activity nodes. In order to assign a beginning
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node number to an activity and at the same time relate this node to
a preceding activity ending node by equating it or separating it by
a dummy activity, another array must be established. This array
has the same N (activity number) dimension as the precedence array
and is called the IPRD(N,L) array, where L equals one to six
columns.

As each activity is encountered, the precedence array is
scanned to see if any other activity has exactly the same precedence
restraints and if it does, then column six of the IPRD(N,L) array
is marked and all such activities are known to have the same beginning
node. If no other activities have the exact same precedence restric-
tions, then the precedence array is scanned to find those precedence
activities which also precede other activities and to which dummy
activities must be drawn. When a preceding activity also precedes
an activity other than the one in question, the element in the
IPRD(N,L) array corresponding to the preceding activity location is
labeled. This process is done for each of the five precedence
elements of the array for the activity. Thereupon, node numbers can
be generated for the activity. The begiﬁning node takes a value twice
the activity number and the ending node takes a value twice the acti-
vity number plus one. These two node numbers are then stored in an
extended two columns of the precedence array opposite their respec-
tive activity. This then increases the IPRE(N,L) array (previously
only precedence) to seven columns where L equals one to seven. In
the print-out of the network solution, the last two columns of the
IPRE(N,L) array namely IFRE(N,4) and IPRE(N,7) are listed as activity

beginning and ending nodes with labels of I and J respectively.



Page 7

Generation of the dummy nodss is dependent on the action taken
in the IPRD array. I1If the preceding job element in this array is
designated, a dummy is generated. A dummy activity does not generate
its own node numbers. It assumes the preceding activity ending node
for its beginning node and takes on the beginning node of the
subject activity as its ending node. Assumed dummy activity nodes
are then assigned to a two-dimensional array for storage and sub-
sequent reference purposes. This array is labeled IJD(KD,L) where
L equals one to two, and KD is a serialized number from one to the
maximum number of dummies required.

Operation 14 searches for the terminal node. Each activity
that dées not function iﬁ a precedence capacity at least once may
be assumed to have the terminal node of the project as its. ending
node. All activities with this characteristic are scanned and each
activity is assigned an ending node equal to the largest of the
ending nodes.

Before the terminal node is found, however, Operations 12 and
13 check for ény possible dummy reductions and for any duplicate or
redundant dummy activities that may have been created by the program.

Operation 12 profides for a case such as shown in Figure 3, in which
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FIGURE 3.
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it is possible to reduce the number of dummy activities. The
program would equate activity B's ending node to activity A's
ending node.

Operation 13 provides for a case such as shown in Figure 4,
in which there are duplicate precedence dummy activities. Here

dummy activity 2-9 is not necessary as long as dummy activities

/ 8
e s
J o

| R &
So 2 %i? < ) 7
|
&£ > [y
o o >,
FIGURE 4

2-6 and 6-9 are in existance and would be eliminated.

Because networks have fewer nodes than activities, the program
may produce some large node numbers that are not necessary.
Operation 15 reduces these node numbers and reassigns new node
numbers so that the beginning node is always less than the ending
node. This also prepares the network for use in CHAIN(2,B2).

Operation 16 checks for closed loops within the network logic.
A closed loop is not allowable since it would imply that an activity
must precede itself. If one occurs, the computer will stop, and an
explanatory statement will be printed out.

Operations 17 and 18 order and print the actual and dummy
activities. If the CPS 300 user wishes to continue directly to
CHAIN(2,B2) it is possible to skip the print-out order or to punch
the output if he wishes to use it at some other time for CHAIN(2,B2)

input. Directions for doing this are included in the control card.
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2.2 NETWORK COMPUTATION - CHAIN(2,B2)

Once an activity network has been developed, whether by using
CHAIN(1,A4) or by hand methods, CHAIN(2,B2) may be used for the
actual critical path computations. Besides the activity node
numbers, CHAIN(2,B2) requires activity time and cost data. This
includes the normal time of the activity with its associated cost,
the crash time of the activity with its associated cost, and a
preferred activity time if CHAIN(3,B3) is to be used. The normal
time is defined as the shortest normal time of completing an activity
and the crash time as the fastest possible time of completing an
activity. The preferred time is a function of the desire of the
CPS 300 user. .

The basic purpose of a critical path analysis is to generate
a spectrum of project schedules, each schedule being at a minimum
project direct cost for the specified project duration. CHAIN(2,B2)
accomplishes this by using a variation on the Fulkerson flow
algorithm. (See Reference (2).) From the time-cost data, a cost
curve is developed for each activity. Its slope is considered as
flow through the network, and the program searches for the longest
path in time through which the flow can travel. This is based on
the theory that the minimum project direct cost will result if the
duration of each activity is maximized. The program then searches
back through the network to determine if a longer possible path
exists. This is done several times until, in effect, all the flow
has been "used up." In this way, several schedules are generated,

each having a critical path. The activities of these paths, if
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delayed beyond their scheduled duration, would delay the whole
project. These are termed "critical activities™ and are labeled
such by the program. The operation of CHAIN(2,B2) is illustrated
in Figure 5.

Operation 1 actually performs several functions as the data is
being read into the computer. It adds the normal project cost; it
calculates the slope of the cost curve of each activity; and it
adds the total number of links and nodes being read in. By perform-
ing several operations such as this within the same loop, less
subscripted variables are used, and computer storage space is
conserved.

As in CHAIN(1,AL), a check for exceeding the program capacity
is included in Operation 2. Such a check is provided in the event
that CHAIN(1,A4) is not used first. Again, the capacity is 2600
activities.

Operations 4 and 5 check for two starting or ending events.
This is done by searching for an event that is at the tail of an
arrow but does not appear at the head of any other arrow. Likewise,
the reverse is done in checking for two ending events. The program
cannot proceed with two starting or ending events, and the error
will be printed out. If the network logic is known to be correct,
then this check may be skipped by indicating such on the control
card.

CHAIN(2,B2) requires that the event at the head of each arrow
be numbered greater than at the tail. To assure this
Operation 6 renumbers the nodes. Each activity is scanned to find

the starting event. Once the starting event has been found, the
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tails of all the arrows originating at the starting event are
numbered one. At the same time, the activities previously associated
with event one have the heads and tails of the arrows changed to the
original number of the starting event. The arrow diagram is then
scanned to find an event where the tails of all the activities
entering the event have been renumbered. This event is numbered
two, and all the numbers previously associated with this event are
transferred to the event previously numbered two. This process is
repeated until each event has been renumbefed correctly. If no
event can be found to renumber before all events have been re-
numbered, then a closed loop must be present, and within this loop
it is impossible to number the events so the heads of the arrows
are numbered greater than the tails. If this situation is
encountered, the program will print the error and stop.

The renumbering routine places no restrictions upon the planner
in the development of the arrow diagrams. The diagram can be
numbered arbitrarily, if done by hand, and numbers can be omitted
or activities may be inserted later.

Operations 7, 8, and 9 compose the main part of CHAIN(2,B2).
They perform the flow computations described earlier in this section,
tracing the flow forward and backward through the network and
generating several schedules. Because of the importance of these
operations, a micro flow diagram of the flow algorithm is included
in the Appendix.

Operation 10 computes the project variable or direct cost for
each schedule. This is done by adding to the total normal cost

associated with the longest project duraticn in the first schedule
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the extra cost computed by multiplying the difference in duration of
each schedule by the slope of the project cost curve.

Operation 11 adds the direct and indirect project costs. The
data for the slope and duration of the indirect cost curve is
included in the control card. The effect of adding these two costs
should produce a minimum total project cost. This is illustrated in

the cost curves shown in Figure 6.

cosT A
PIRECT PLUS INPIRECT
INDIRECT

PIRECT

ZrimME
FIGURE &.

It is conceivable that in a very large network many schedules
might be generated that would be unwanted or useless. Operation 12
considers the relevant range as specified on the control card and
instructs the computer to print-out only schedules within a desired
time period. By using this option, computer time will be reduced.

Operation 13 calculates activity floats and develops projectl
schedules. Floats indicate to the project management the status of
all activities in relation to the entire project and the degree of
criticalness of all activities. Total, free, and independent floats
are calculated.

Total float is defined as the amount of time that an activity
can be lengthened without delaying the completion of the project.
When the total float of an activity is zero, the activity is

critical. By checking for zero total floats, the program determines
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critical activities.

Free float is defined as the amount of time that an activity
can be lengthened without changing the earliest times of all
activities immediately following.

Independent float is defined as the amount of time that an
activity can be lengthened without changing either the latest start-
ing time of preceding activities or the earliest starting time of
all activities immediately following.

The project schedule, consisting of the earliest and latest
times for each event, is prepared in the following manner: The
earliest time than an activity can be started isrthe earliest time
associated with the event at the tail of the activity in the arrow
diagram. The earliest that an activity can be finished is the
earliest start plus the scheduled duration of the activity. The
latest finish of an activity is the latest time associated with
the event at the head of the arrow, as derived from the float
computations. The latest start of an activity is the latest finish
minus_the scheduled duration. This information is calculated for
each activity of the project.

The schedules will now be printed out in Operation 16. The
program will then halt or will proceed to consider preferred

activity durations by calling CHAIN(3,B3).
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2.3 PREFERRED DURATIONS - CHAIN(3,B3)

It is conceivable that an individual activity could have a
horizontal cost curve as shown in Figure 7. Such a curve would

cosT f‘

PIRECT COST CURVE

J,
FIGURE 7 TIME
allow planners more flexibility in scheduling, so CHAIN(B,BB) was

developed to consider preferred durations of activities with a cost
curve of or close to this type. Figure 8 shows a macro flow diagram
of CHAIN(3,B3). ‘

In this algorithm the scheduled durations and ﬁhe preferred
duration are the only input information necessary. These are
obtained from the output of CHAIN(2,B2) and are read in Operation 1.

The remaining operations proceed with the analysis. Only
activities having total float can be considered since an activity
having zero float, if lengthened or delayed, would delay the project
completion date also. The difference between the scheduled and
preferred duration is calculated. The scheduled duration of all
non-critical activities is increased by a small percentage of the
above calculated difference. The total float is recalculated by a
subprogram, and a comparison is made to determine which activities are
closest to becoming critical.

The duration of each non-critical activity is lengthened until
it becoﬁes critical. If the scheduled duration is greater than the

preferred duration, the scheduled duration is reduced to the



Page 16

I 'READ cUTPUT pPATA
FRoM CHAIN (2,823
¥
< | CHECK ACTIVITIES FOR
ZER O TOTAL FLCAT
¥
T NCREASE DURATION OF
NON-CRI\TICAL ACTIVITIES
BY A SMALL INCREMENT

- ¥
4 CALL SUBROUTINE To
RE CALCULATE TOTAL FLOAT

= INCREASE DiORATloN OF some
ACTIVIT |IES To RBEwME CRITICAL
6 CALL SUB*ROUTINE To

R ECALCULAT E TOTAL FLOAT)

]

i PRINT ouTPUT
L]
END

FIGURE 8. MACRO FLOW DIAGRAM FOR CHAIN(3,B3)



Page 17

preferred duration and the total float recalculated. Many
activities will be scheduled to be completed in a duration between
the originally scheduled duration and the preferred duration.
These activities are then critical and must not be lengthened or
the project's completion date will be delayed.

Operation 7 prints the output in the same format as that of

CHAIN(2,B2).
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3.0 INPUT DATA CARD FORMATS

The 709/7090 composition and format of each data card is now
presented. Each word of data must be right adjusted (or trailing
zeros used to eliminate the blanks) within the appropriate field.
The alphanumeric descriptive words, however, may be left adjusted
for appearance sake in the output. Since the 709/7090 computer
accepts a decimal punched anywhere within a field, no adherence to
card columns, other than for convenience, is necessary within each

field.

Jdentification Data

Card 1
Field Variable Description
1-72 Var Project description. Alphanumeric.

VAR is the name which identifies the project that is being

studied. The name is printed on the schedule output sheets.

Control Data

Card 2

Field Variable Description

1-6 FIR Minimum time of range of desired
output. Floating point.

7-12 FIN Maximum time of range of desired

output. Floating point.
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13-18 FIXA Slope of initial overhead
curve. Floating point.

19-24 FIXB Slope of final overhead
curve. Floating point.

25=30 DURA Duration of initial overhead
curve. Floating point.

31-4L8 VOR Description of dummy activity.
Alphanumeric.

4L9-67 blank

68 IDUM Signal for printing output for
CHAIN(3,B3) if # O. Fixed point.

69 IERR Signal for making error network
check in CHAIN(2,B2) if # O.
Fixed point.

70 IJACK Signal for doing CHAIN(2,B2)
and CHAIN(3,B3) if # 0. Pixed
point.

7L IPRT Signal for printing output for

CHAIN(1,A4) if # O. Fixed point.

72 IPUN Signal for punching output for
' CHAIN(1,AL) if # O. Fixed point.

The values for FIR, FIN, FIXA, FIXB, and DURA may be omitted
if only CHAIN(1,AL), the network development algorithm, is to be
used. If CHAIN(2,B2) and CHAIN(3,B3) are used and values for FIR
and FIN are omitted, a complete array of schedules will be printed.
Values for the overhead curve, FIXA, FIXB, and DURA, may also be
omitted if the user does not wish to output indirect costs. An
initial and final slope of the overhead curve are provided to allow
for an overhead change during the project. This may be caused, for

instance, on a construction project by a change in seasons.
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A deseription for dummy activities, VOR, must be included for
CHAIN(1,A4) but may be omitted if only CHAIN(2,B2) and CHAIN(3B,3)
are used. This allows the program to label a dummy activity. The
word "DUMMY"™ will suffice.

IDUM, IERR, IJACK, IPRT, and IPUN are signals for the
different operations of the program. If the operation is not desired,
their respective fields may be left blank. IPUN, the signal for
punching the network development output, may be used if the network
computations are to be made at another time. This will allow
network computation data to be read into the computer directly from
punched cards. The signal for not doing CHAIN(l,Ah) is ineluded in

the activity computation data.

Network Development Data

Card 3 through Card 2600

Field Variable Deseription

1-4 I (blank) Signal for not doing CHAIN(1,AL)
if I # O for any activity.
Leave blank for network develop-
ment.

5-8 K(N) Activity number of Nth activity
- read in. Fixed point.

9-12 IPRE(N,1) Activity which immediately
precedes K(N). Fixed point

13-16 IPRE(N,2)  Activity which immediately
precedes K(N). Fixed point

17-20 ~ IPRE(N,3)  Activity which immediately
precedes K(N). Fixed point

21-24 IPRE(N,.) Activity which immediately
precedes K(N). Fixed point
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25-28 IPRE(N,5) Activity which immediately
precedes K(N). Fixed point

29-31 N Normal duration of an activity.
Floating point.

32-34 TCR Crash time of an activity.
Floating point.

20=31 PRT Preferred time of an activity.
Floating point.

38-42 CSTN Normal cost of an activity.
Floating point.

43-47 CSTCR Crash cost of an activity.
Floating point.

48-T1 ACT Activity desecription.
Alphanumeric.

Last Card

1-80 blank Signifies end of data.

Network Computation Data

If CPS 300 is to be used only for CHAIN(2,B2) or CHAIN(2,B2)
and CHAIN(3,B3), network computations, and not for the development
of the network also, the input data for Cards 3 through 2600 will
be of different composition and format. The new format follows.

Card 3 through Card 2600

Field Variable Description

1-4 I Event number at the start of
activity link. (Arrow tail.)
Fixed point.

5-8 J Event number at the finish of
activity link, (Arrow head.)
Fixed point.

9-28 blank

29-31 TN Normal duration of an activity.
Floating point.
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32-3k4 TCR Crash time of an activity.
Floating peint.

35-37 PRT Preferred time of an activity.
Floating point.

38-42 CSTN Normal cost of an activity.
Floating point.

L3-4L7 CSTCR Crash cost of an activity.
Floating point.

L8-T71 ACT Activity description.
Alphanumeric.

Last Card

1-80 “blank Signifies end of data.

The presence of a non-zero value in card columns 1 through 4
signals the computer to skip CHAIN(1,A4) and proceed directly with
the network computations. If both CHAIN(1,A4) and CHAIN(2,B2) are
to be used, the input format of the network development data is
necessary. Both types of input require that the last card in the

data deck be blank.
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4.0 CARD FORMAT SUMMARY

709/7090 Input Formats

The following card formats describe the 709/7090 input data
and refer to the FORTRAN variable names explained in the previous
section.

Identification Data

Card 1

d=73 VAR

Contrel Data

Card 2
1-6 FIR
T=12 FIN
13-18 FIXA
19-24 FIXB
25-30 DURA
31-48 VOR
L9-67 blank
68 IDUM
69 IERR
70 IJACK
71 IPRT
T2 IPUN

Network Development Data

Card 3 through Card 2600

1=k I (blank)



5-8

9-12

13-16
17-20
2 vy
R5~28
29=31
32-34
35-31
38-42
L3-47
L8-T1

Last Card

1-80

Network Computation Data

K(N)
IPRE(N,1)
IPRE(N,2)
IPRE(N,3)
IPRE(N,4)
IPRE(N,5)
N

TCR

FRT

CSTN
CSTCR

ACT

blank

Card 3 through Card 2600

1-4
5-8
9-28
29-31
32-34
35-31
38-42
L3-47
4L8-T1
Last Card

1-80

i
dJd

blank

TCR
PRT
CSTN
ACT

ACT

blank

Page 24
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5.0 OPERATING INSTRUCTIONS

System

Fortran Monitor System

Console Switches

1. Sense Switches 1 not used
2 not used
3 not used
4 not used
5 not used
6

not used

Tapes

1. Tape 9 - scratch tape

2. Tape 10 - scratch tape

3. Tape AL - primary chain tape
L. Tape B2 - secondary chain tape

Order of Input

1. Program Deck

2+ Identification Card

VAR

3. ©Contrel Card
FIR, FIN, FIXA, FIXB, DURA, VOR, IDUM, IERR,
IJACK, IPRT, IPUN

Le Activity Cards (for CHAIN(1,AL))
I, kK(N), IPRE(N,1), IPRE(N,2), IPRE(N,3), IPRE(N,4),
IPRE(N,5), TN, TCR, PRT, GCSTN, CSTCR, ACT

or

Activity Cards (for CHAIN(2,B2) and CHAIN(3,B3) only)
I, d; TH, TCR, PRY, CSTE, CSTCR, ACT

5. Blank Card

Special Instructions

The capacity of CPS 300 is 2600 activities for all chains
and cannot be exceeded using the IBM 7090 Fortran
Monitor System.

For CHAIN(1,A4), a maximum of five precedent activities
(IPRE(N,L)) are allowed per subject activity (K(N)).
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Output List

1. CHAIN(1,AL) - intermediate
X, 3,.d
CHAIN(1,AL) - final
I, J, TN, TCR, PRT, CSTN, CSTCR, ACT
2. CHAIN(2,B2)
ACT, I, J, SCDR, BIGG, STLT, FINER, FINLT, FLTO, FLFR
FLIN, COST
3. CHAIN(3,B3)
same as CHAIN(2,B2)
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QUTPUT FORMATS

Each chain of CPS 300 provides printed output. CHAIN(1,AL)

will also output punched cards upon request on the control card

QUTPUT OF CHAIN(1,AL)

Printed or punched output may be deleted from CHAIN(1,AL) if the
program is to continue directly to CHAIN(2,B2). If printed output is
requested on the control card, the activity identification number, K;
the tail of the activity arrow, I; and the head of the activity arrow,
J, will be printed out and ordered in three different ways: by
activity number, activity beginning node number (arrow tail), and
activity ending node number (arrow head). This is done to facilitate
the drawing of the actual network or arrow diagram. Dummy activities
are printed separately with values for K, I, and J.

Punched output is also available from CHAIN(1,A4) with the

following information for each activity:

I activity beginning node number
J - activity ending node number
N normal time

TCR crash time

PRT ’ 7 preferred time

CSTN normal time

CSTCR crash cost

ACT _ activity name

This information is in the correct format for use as

CHAIN(2,B2) input data.
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6.2 OUTPUT OF CHAIN(2,B2)

643

Output from CHAIN(2,B2) is printed in schedule form as each
schedule is generated. The schedule contains a heading with the
schedule number, the project duration and the total variable cost
for that schedule, and the project identification statement. The

following information is printed for each activity:

ACT activity name

i activity beginning node number
dJ activity ending node number
CRITICAL indicated by yes or no

SCDR scheduled duration

BIGG earliest start

STLT latest start

FINER earliest finish

FINLT " latest finish

FLTO total float

FLFR free float

FLIN independent float

COST activity cost

A summary sheet is also printed for the project giving the
schedule number, duration, variable cost, overhead, and total

project cost for each generated schedule.

QUTPUT OF CHAIN(3,B3)

CHAIN(3,B3) prints out schedule sheets with values for the same

variables and in the same format as in the print-out of CHAIN(2,B2).
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PROGRAM LISTING



CHAIN (1sA4)
LIST
DIMENSION K(2000)sIPRE(1000+7)s1JD(50092)s IPRD(1000s6)sACT(4)>
1VAR(12)sVOR(3)
COMMON K s KDMAX s NMAX 5 IDUMsTOK s VORs IERRsLMAX s FIXASFIXBsDURASVAR,
1IPRDRsPVCsPOHsPTCsADDSsFIR4FIN,I1JDs IPRE
N=1
NDON=1
I0K = O
REWIND 9
| REWIND 10
HOO FORMAT(12A6)
: READ 1000, (VAR(TI)sI=1512)
B0l FORMAT(5F64053A6519Xs511)
READ 1001 sFIRsFINsFIXAsFIXBsDURA9(VOR(II)sII=193)sIDUMsIERRsIJACKS
8 1IPRT,IPUN
D02 FORMAT (714393F34092F5.054A6)
%05 READ 1002y IsK(N)s(IPRE(NsII)sII=145)sTNsTCRsPRTsCSTNsCSTCRY
B 1(ACT(I1)sII=1s4)
! IF(I0K) 1009410074+1009
Bo7 IF(I) 10085100951008
@08 IOK = 1000
09 WRITE TAPE 9s IsK(N)sTNsTCRsPRTSCSTNSCSTCRs (ACT(II)sI1=144)
I IF (K(N)-NDON) 18518517
117 NDON=K(N)
H18 IF (K(N)) 3s4y3
B 3 N=N+1
' GO TO 1005
| 4 NMAX=N-1
| DO 9000 JJ=1sNMAX
A gl
=0
TN=0,0
TCR = 0.0
PRT 040
CEFN = 040
CSTCR = 0.0
WRITE TAPE 95 IsJsTNsTCRsPRTsCSTNsCSTCRs (ACTI(II)s11=144)
REWIND 9
IF(IOK) 19519510000
CALL CHAIN (24+B2)
LMAX=(2*NDON) +1
CHECK FOR TOO MANY ACTIVITIES IN INPUT DATA DECK
IF (NMAX=2600) 634634561
PRINT 624 NMAX
FORMAT (21HOINPUT DATA CONTAINS 15,76H ACTIVITIES. PROGRAM DESIG
) INED FOR 1200 ACTIVITIESe. PROGRAM CANNOT PROCEED.)
4 GO TO 598
62 DO 87 N=1sNMAX
NTEST=K (N)
CHECK TO FIND ANY TwO ACTIVITIES THAT HAVE BEEN GIVEN THE SAME (K)
VALUE
67 DO 72 M=1sNMAX
68 IF (NTEST=K(M)) 72+69,72
69 IF (N-M) TO0e72470
70 PRINT 71s K{(N)
71 FORMAT (41HOTWO ACTIVITIES HAVFE THE SAME (K) NUMBER 15,28H « PRO
1GRAM CANNOT PROCEED.)
GO TO 598

n

1l

LINOOOO2

49
50
il
o2
00058
54
55



S

-,

ﬁﬁz CONT INUF 56
# CHECK TO FIND ANY JOB THAT IS PRECEDING ITSELF
{73 DO 77 11=1,5 57
W4 IF (K(N)=TPRE(NsSII))Y 7775977 58
175 PRINT 769 KI(N) 59
W76 FORMAT (10HOACTIVITY 15,47H IS PRECEDED BY ITSELFs PROGRAM CANNOT 60
Y 1PROCEFD) 61
{ GO TO 598 62
77 CONTINUE 63
! CHECK TO FIND ANY PRECEDING ACTIVITIES THAT ARFE EQUAL FOR ONE
; ACTIVITY PRECEDED
78 DO 86 II=1s5 64
3 LP=IPRE(NsII) 65
79 IF (LP) B80,86,80 66
80 DO 85 III=1s5 67
181 IF (LP—-IPRE(NSIIT)) 85+82,85 68
B82 IF (II-I11) 83485483 69
183 PRINT 84s K(N)s LP 70
8’84 FORMAT (10HOACTIVITY 15»31H IS PRECEDED BY TWO ACTIVITIES I5s41H W 00071
! 1HICH ARE EQUAL., PROGRAM CANNOT PROCEED,) 72
| GO TO 598 73
85 CONTINUE T4
186 CONTINUF 75
187 CONTINUE 76
| CHECK FOR REDUNDANT PRECEDENCE RESTRICTIONS
#88 N=1 T
600 I1=1 78
601 IF (IPRE(NsII)) 6055607605 79
o7 IF (I11=5) 60896024602 80
608 I1T1=11+1 81
¢ GO TO 601 82
602 IF (N=NMAX) 60346704670 813
603 N=N+1 84
GO TO 600 RE
605 NP=N 86
606 M=TPRE(NsII) 87
IBB=0 88
Ip=11 89
DO 610 N=1sNMAX 20
IF (K(N)=M) 61046114610 91
610 CONTINUE 92

CHECK TO FIND ANY PRECEDENCE ACTIVITIES THAT DO NOT HAVE A
CORRESPONDING ACTIVITY K(N)

612 PRINT 613s IPRE(NPsIP)s K(NP) 93
613 FORMAT (10HOACTIVITY I15425H WHICH PRECEDFS ACTIVITY I5+65H 4 IS NO 00094

1T LISTED AS AN EXISTING ACTIVITY. PROGRAM CANNOT PROCEED) 95

GO TO 598 26
611 NPN=N 97
615 IB=1 98
620 IF (IPRE(NsIB)) 6216255621 99
625 IF (IB=5) 62646554655 100
626 IB=IR+1 101

GO TO 620 102
671 TT#1 103
640 TIF ((IPRE(NsIB))—(IPRE(NPSII})) 645:650+645 104
650 IF (IPRE(NPsII)) 651+6454651 105
651 IPRE(NPs11)=0 106

GO TO 625 107

645 LE LTI=500 G646 9025620 108




692

1693
694

695
696

6597

698
699

IT=11#1

GOV T 540

IFE (1BB=5) 65646274627
N=NP

TERETP 5N 631602602
I[IT1=1P+1

IF (IPRE(NsII)) 60696369606
IP=11

GO TO 630

IBB=1BB+1

IF (IPRE(NPNsIBB)) 6586559658
M=TPRE(NPNsIRR)

DO 660 N=14NMAX

IF (KIN)=M) 6606154660
CONTINUE

ORDER AND CLOSE UP PRECEDENCE ARRAY
DO 699 N=1,NMAX

DO 696 L=1s5

IF (IPRE(Ns1)) 673676673
NUMS=TPRE(Ns+1)

TE UIPRE N2 ) 675367886115

IF (NUMS-IPRE(Ns2)) 6789677677
LEEEEREGN s 20 ENEE 7T 6 B O 6/
NUMS=IPRE (N»s2)

IF (IPRE(Ns3)) 6796824679

IF (NUMS—-TPRE(Ns3)) 682+681+681
IF (IPRE(Ns3)) 68196844681
NUMS=IPRE(Ns3)

IF (IPRE(Ns4)) 683+6869+683

IF (NUMS-IPRE(Ns4)) 6863685685
IF (IPRE(Ns4)) 68546883685
NUMS=IPRE (Ns4)

IF (IPRE(N+5)) 6874692+687

IF (NUMS—=TRPRE (N95) ) 6923691691
IF (IPREECN+B)) 6915689691

DO 690 LL=Ls5

IPRD(NsLL)=0

CONTINUE

GO N0 69 ¢

NUMS=IPRE(Ns5)

IPRE(Ns5})=0

GO TO 695

DO 693 11=1s4

IF (IPRE(NsTI)I-NUMS) 6931694693
CONT INUE

IPRE(Ns11)=0

IPRD (NsL)=NUMS

CONTINUE

DO 698 L=1s5
IPRE(NsL)=IPRD(N,L)

CONT INUE

CONTINUE

DO 7 N=1,NMAX

DO 7 1I=1s6

IPRD(NsII)=0

CONT INUE

DO 16 N=1sNMAX

DO 16 I11=6s7

IPRE(NsIT)=0

109
110
113
1
133
114
L1l5
116
155
118
1119
120
121
122
123

124
125
126
P29
128
1529
130
LA
JE=2
133
134
125
136
1307
138
139
140
141
142
143
144
145
146
147
148
149
150
159
152
153
154
el
156
15T
158
150
160
k6l
162
163
164
L65
166
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31
32
§33
R34
35
36
37
§ 38
' 39
- 40
41
P 42

43
44
48
49
50
51
52

370

372

373

374

375

376

ST
278
379

53
54

CONTINUE

KD=0

START OF MAIN PROGRAM

DO 350 NL=1,NMAX

IF (IPRD(NLs6)-2) 11235011
IF (IPRE(NLs1)) 20412520
CHECKING FOR COMMON INITIAL NODE
N=NL

IPRE(Ns6) =1

IF (IPRE(Ns7)) 15914415
IPRE(Ns7) =(2%¥K(N))+1
IPRD(NLsB)=2

GO TO 350

NUMBER ACTUAL ACTIVITY NODES
IF (IPRECNLs2F) 24321324
IPRD(NLs6)=1

GO TO, 50

DO 48 NN=1sNMAX

IF (IPRE(NNs1)) 26948426

IF (NL=NN) 27948927

DO 29 TIIN=1.5

IF ((IPRE(NLsIIN))=(IPRE(NNsIIN))) 3129931
CONTINUE

IPRD(NNs6) =1

GO TO 48

IIN=1

DO 37 1I=1s5

IF ((IPRE(NLsIIN))=(IPRE(NNsII))) 37934437
IF (IIN=5) 235+48948

TIN=TIN+1

IF (IPRF(NLsIIN)) 32,48432

CONTINUE

DO 44 TIN=1+5

IF (IPRE(NLsIIN)) 40948540

DO 43 1I1=1s5

IF ((IPRE(NLsIIN))=(IPRE(NNSsIT))) 434424453
IPRD(NLoITIN)=IPRE(NLSIIN)

GO TO 44

CONTINUE

CONTINUE

CONTINUE

IPRD(NLs6)Y=1

BFOE CE NK=NL s NMAX

TF ( (IPRDENK¥&)Y1=1F 325524325
IF (NL-NK) 3703535370

IF {IPRE(NKaG)Y 372377372

PO 376 Je=la?

DO 376 JN=1sKDMAX

IF ((IJDC(JNsJCI)I—(IPRE(NKs6))) 37643754376
IJD(IUNsJC)=IPRE(NL6)

CONTINUE

GO TO 378

IPRE(NKs6)=IPRE(NL+6)

IF (IPRE(NKsT7)) 325+379,325
IPRE (NK s 7)=(2%K(NK))+1

GO TO 225

DO 320 1I1=1+5

M=IPRE(NK,II)

LF EMY © 554325 855

167
168

169
170
19

172
173
174
LD
LTé
i

178
17¢9
180
181
182
183
184
185
186
16277
188
189
190
izl
e
ilizic)
194
15
196
g
198
199
200
201
202
203
204
205
206
207
208
209
210
20
ZL2
213
214
215
216
217
2118
21e
A9
221
222



::‘55 DO 57 N=1sNMAX 223

56 IF (K(N)=M) 57358557 224
57 CONTINUE 225
B8 IF ((IPRE(NKsII))=(IPRD(NKsII))) 10052005100 226
‘ NUMBER DUMMY ACTIVITY NODES
KD=KD+1 227
IF (IPRE(Ns7)) 23292315232 228
ID=(2%K(N))+1 229
IPRE(Ns7)=1ID 230
GO TO 233 231
ID=IPRE(N7) 232
1JD(KDs1)=1ID 233
N=NK 234
IF (IPRE(N»B)) 24222419242 235
JD=2%K(N) 236
IPRE(Ns6) =JD 237
GO TO 243 238
JD=1PRE(Ns6) 239
I1JD(KDs2)=JD 240
KDMAX=KD 241
IF (IPRE(Ns7)) 320+2519320 242
IPRE(Ns7) =(2%K(N))+1 243
GO TO 320 244
IF (IPRE(NK»2)) 300,105.300 245
IF (IPRE(Ns7)) 11551104115 246
IPRE(Ns7)=(2%K(N))+1 247
IPRE(NK46)=IPRE(NsT) 248
GO TO 310 249
IF (IPRE(NKs6)) 30553014305 250
IPRE (NKs6)=2¥%K (NK) 251
IF ((IPRE(Ns7))-(IPRE(NKs6E))) 30643105306 252
IPRE(Ns7)=IPRE(NKs6) 253
PO B8  JC=1e2 254
DO 309 JN=1sKDMAX 255
IF ((IJD(JUNsJC)I)=(IPRE(Ns7))) 309+208+309 256
1JD(JUNsJC)=IPRE(NLs6) 257
CONTINUF 258
IF (IPRE(NKs7)) 32053114320 259
IPRFE(NKo7)=(2%¥K(NK))+1 260
CONT INUF 261
CONTINUE 262
DO 337 N=1sNMAX 263
IF (IPRD(NsA)=1) 33743364337 264
IPRD(Ns6) =2 265
CONTINUE 266
CONTINUE 267
DUMMY REDUCTION
701 DO 875 KD=1sKDMAX 268
702 IF (1JD(KDs1)) 70348755703 269
703 DO 705 LP=1sNMAX 270
704 IF (1JD(KDs1)-IPRF(LP,6)) 70558754705 212
705 CONTINUE 272
706 DO 778 LQ=1sNMAX 273
707 IF (1JD(KDs2)—IPRE(LQs7)) T78s710,778 274
710 DO 918 KF=1sKDMAX 215
711 IF (IJD(KF31)=1JD{KDs1l)) 91897129918 276
712 IF (KF-KD) 913s918,913 2R
913 DO 916 KG=1+KDMAX 278

914 IF (1JD(KGs2)=1JUD(KFs2)) 91649154916 29




15 IF (IJD(KGs1)=1JD(KDs2)) 91699185916 280

116 CONTINUE 281
MLP=0 282
MLQ=0 283
MLR=0 284
MLS=0 285
MLT=0 286
MLP=TJD(KDs1) 287
M=KD+1 288
DO 722 KPO=MsKDMAX 289

#1323 IF ((1JD(KDs2))=(1JD(KPO»2))) T22+7145722 290

14 1F (MLQ) 71657155716 291

115 MLQ=1JD(KPOs1) 292

i GO TO 722 293

T16 IF (MLR) 718+717+718 294

17 MLR=TJD(KPOs1) 205
GO TO 722 296

18 IF (MLS) 7205719720 297

7159 MLS=1JD(KPOs1) 298

I GO TO 122 299
20 1F (MLT) 72257215722 300
21 MLT=TJD(KPOs1) 201
22 CONTINUE 302
1 IF (MLQ) 123,875+ 123 303
722 MLPA=0 304
i MLPB=0 305
: MLPC=0 306
f MLPD=0 307
/24 MLPE=0C 308
f MLPA=1JD(KDs2) 309
725 DO 737 KPP=MsKDMAX 310
726 IF ((IJD(KPP,1))=(T1JD(KDs1))) 73757295737 311
729 1IF (MLPB) 731,730,731 312
#1730 MLPB=I1JD(KPP,2) 313
; GO TO 737 314
731 IF (MLPC) 733,732,733 315
732 MLPC=1JD(KPPs2) 316
; GO TO 737 317
733 IF (MLPD) 73557344735 318
734 MLPD=IJD(KPP,y2) B
, GO TO 737 320
8735 IF (MLPE) 7377365737 321
1 736 MLPE=TIJD(KPPs2) 322
£ 737 CONTINUE 323
' IF (MLPB) 738s8755+738 324
738 MDRP=MLPRB 325
L 739 DO 764 KPP=KDyKDMAX 326
740 IF (1JD(KPPs2)=MDRP) 7647414764 327

L 741 IF (IJD(KPPs1)=MLP) 74248769742 328
L 742 MLP=0 329
j GO TO 765 330
L 876 IF ((KPP+1)=KDMAX) 877747747 331
L 877 IF (IJD(KPP+13s2)-MDRP) 7477435747 332

743 IF (TJD(KPP+1,1)-MLQ) 7T47s878s747 333

878 IF ((KPP+2)=KDMAX) 87957495749 334

879 IF (IJD(KPP+252)=MDRP) 7497444749 335

744 IF (1JD(KPP+2s1)~MLR) 749,880,749 336

880 IF ((KPP+3)-KDMAX) 8815751751 T

881 IF (IJD(KPP+34+2)=MDRP) 75127454751 338




1854
8 55
856
$857
858
1 859
860
861
862
863
864
865
866

918

IF (IJD(KPP+3,1)-MLS) 751,882,751
IF ((KPP+4)=KDMAX) 88357535753

IF (IJD(KPP+4,42)=MDRP) 75347465753
IF (IJD(KPP+4,1)-MLT) 7537555753
IF (MLQ) 748s749,748

MLQ=0

IE (MLRY) 750 751 «7'50

MLR=0

IF IMLSY 75247534052

MLS=0

IF (MLT) 754.7554+754

MLT=0

IF (MDRP=-MLPB) 758+7565758
IF {MLPE€) T5Ts7653757
MDRP=MLPC

GO TO 764

IF (MDRP-MLPC) 7619759761
IF (MLPD) 7604765760
MDRP=MLPD

GO TO 764

IF (MDRP-MLPD) 76597629765
IF (MLPE) T63+765+763
MDRP=MLPE

CONTINUE

IF (MLP) 76638759766

IF (MLQ) T767s875s767
MLV=MLQ

DO 771 KPQ=KDsKDMAX

IF (IJD(KPQsl)=MLV) T771s769s771
[ JBtikP @y 1 )=0

[JD(KPQs2)=0

CONTINUE

IF (MLV-MLQ) B891s772+891
IF (MLV=MLR) 892+774,892
IF (MLV-MLS) 854,776+854
1F  CMERY 1737744773

MLV=MLR

GO TO 768

FE LEMLE S ) ST TS b el S
MLV=MLS

GO TO 768

IF (MLT) 77798544777
MLV=MLT

GO TO 768

DO 866 LPP=1s,NMAX

IF ((IPRE(LPPs7))=MLQ} 85738564857

IPRE(LPP47)=MLP
IF (MLR) 858s866+858

IF (({IPREILPPs7))=MLR) 860+859,860

IPRE(LPPs7)=MLP
IF (MLS) 861:866+861

IF ((IPRE(LPPs+7))=MLS) 863+8624+863

IPRE(LPPs7)=MLP
IF (MLT) 86438669864

IE L CEPRE (PR si7an)=Ml_i") 86698654866

IPRE (LPP 71 =MLP
CONTINUE
GO TO 875
CONT INUF

GRS
340
341
342
3473
344
345
346
347
348
349
350
25
552
353
354
255
256
257
358
359
360
361
362
363
364
365
366
367
368
569
470
Bl
372
373
374
35
306
BT
38
SIS
380
381
382
383
384
385
386
387
388
389
390
SO0
292
392
3294
395
396
397



f7s
f79
£80
§81
182
1813
784
124

5
26
129
o7
i85
86
187
188
G
"}969

928

820

870

871
{793
794
{795
796
Vo7
B850
851
852
1853
Ba7
799
§875

£385

386
287
388
389
390
391

B92
393

394

395

GO TQ 793

CONTINUE

DO 871 KPO=1,KDMAX

IF {(KPO=KD) 7815871781

IF {((IJDIKD2) ¥={1JD(KRPO»ZY}) 87147824871
DO 870 KPP=1,KDMAX

IF (KPO-KPP) 7844870,784

IF ((IJD(KPOs1))~(IJUD(KPPs1))) 9255924,925
MDC=T1JD(KPPs2)

GOSN 35

IF (KPP-KDMAX) 870499264870

NDC=1

IF (1JD(KPOs1)=IPRE(NDCs6)) 928+927+928

MDC=TPRE(NDCs7)

DO 869 KPQ=1+KDMAX

I1F (KPP=KPQ) 78748694787

IF (MDC=TJD(KPQs2)) 869+.788+869

IF ((IJD(KDs1))=(I1JD(KPQsl))) 8699789869
I1F 1 KRPA=KD) 871.,869+871

CONTINUF

IF (KPP=KDMAX) 87049284870

IF (NDC=NMAX) 93N 4870 +870

NDC=NDC+1

GO T 929

CONTINUE

GO T 8%5

CONTINUE

M=KD+1

DO 797 KPS=MsKDMAX

IF ¢ (IJDIKPSs 1) V=t IJDIKD 1)) ) 797796797
TID(KPSs1)y=LJD(KDs2)

CONT INUE

DO 867 L=6»s7

DO B867 LPP=1,NMAX

IF ((IPRE(LPPLLY)Y=(TIJD(KDs1))) 867 +853+867
IPRE(LPPSLI=TJD(KDs2)

CONT INUE

IJUDtKDs1) =0

I IDED st 2 =

CONT INUE

FLIMINATE DUPLICATE AND REDUNDANT DUMMY JOBS
KDRD=1

KDX=KDMAX

KD=1

IE BT JDKDy 150 A8T7+398+387

DO 396 KDA=1sKDX

IF ((IJD(KDe2))=(1JD(KDAs2))) 30643894396
B (k=KD A) 39043969390

IF ((IJD(KDs1))=(IJD(KDAs1))) 392453914392
IJD(KDAL1)=0

I1JD(KDAs2)=0

GO TO 396

DO 395 KDB=1 sKDX

I'E i DI DiCDASHIN ) — (T U RECEE s 200 395,393,395
IF C(IJDEKDaT )Yy~ {1 ID(KDB 1) )) 39543944395
L IR KE 1 =0

1 IDKD 5205 =0

GO O 398

CONTINUE

308
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
4273
424
425
426
427
428
429
430
431
432
433
434
435
436
437

438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455



"TII

896

441

1457

483

1450
1461

1463
I
1475
§480
1465
466
{467
1468

{469
{470
{471

CONT INUE

IJD(KDRDs1)=1JD(KDs1}
LID(KDRD s 2 ) =T UDLKD 2}

IF (KD=KDYX) 39743994399
KDRD=KDRD+1

KD=KD+1

GO TO 386

KDMAX=KDRD

CHECKING FOR COMMON TERMINAL NODF
LARGE=0

DO 435 NN=14,NMAX

DO 425 IT=145

DO 420 N=1s+NMAX

IF ((IPRE(NsII))=K(NN)) 420+435 4420
CONTINUE

CONTINUE

IPRE(NNs7) =0

IF (K(NN)=LARGE) 435,431,431
LARGE=K (NN)

CONTINUE

DO 445 NN=1sNMAX

IF (IPRE(NNs7)) 4453441 4445
IPRE(NNs7) =(2%(LARGE))+1
CONTINUE

NODE RENUMBERING USING LOWEST NUMBERED DIGITS

DO 481 NK=1sNMAX

KK=NK

NM=1

IF (IPRE(NMs6)=KK) 4824565482

IF (NM=NMAX) 48334844484
NM=NM+1

GG TO 455

DO 485 KD=1sKDMAX

IF (1JD(KDs1)-KK) 485,4564+485

CONTINUE

IF (KK=LMAX) 487+490,490
KK=KK+1

GO TO 452

DO 459 N=1sNMAX

IF (IPRE(NsT)=KK) 45944584459

IF (IPRE(N+s6)=NK) 459:486+486

CONTINUE

DO 480 NN=6s7

DO LTS N=1sNMAX

IF (IPRE(NsNN)=KK) 463446244673
IPRE (NsNN)=NK

GO TO 475

IF (IPRE(NsNN)=NK) 47544644475
IPRE (NsNN)=KK

CONTINUE

CONT INUE

DO 471 M=142

DO 471 KD=1sKDMAX

IF (TJD(KDsM)—KK) 469+4684469

IJD(KD M) =NK

GO TO 471

IF (TJD(KDsM)=NK) 471+470+471

1UD(KDsM) =KK

CONTINUE

456
457
458
459
460
461
462
463

464
465
466
467
468
469
470
471
472
473
474
475
476
477
478

479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512



1

481

490
491
497
4973

1

PTES TP VR T S VI T PR T
.

g
FQS

06
507
508
5n9
510
515
1516

4
{

517
!
520
521
522

1523
1525

;526

j527
$528

3

3

4

1

1520

534

535
536

EB55

1556
1557

558
559
560
565

1566

667

CONTINUE

CHECK TO FIND CLOSED LOOP IN ARROW DIAGRAM LOGIC
DO 495 N=1sNMAX

IF ((IPRE(Ns7))=(IPRE(Ns6))) 492+4924+495

PRINT 4934 K(N)

FORMAT (10H1ACTIVITY 15+85H IS PART OF A CLOSED LOOP, THIS

1S ARROW DIAGRAM LOGIC. PROGRAM CANNOT PROCEED.)

GO TO 598

CONTINUE

ORDER FINAL ACTIVITY PRINT OUT

IE CTPRT) 1201%109951201

PRINT 1202

FORMAT (37H1CRITICAL PATH ARROW DIAGRAM SOLUTION)
FORMAT(1H +12A6)

PRINT 120 1s {VARETT VeIl =1s12)

PRINT 1202

VIOLATE

FORMAT (93HOK=ACTIVITY IDENTIFICATION NUMBER I=TAIL OF ACTIVI

1TY ARROW J=HEAD OF ACTIVITY ARROW)
o=

LR=0

LRG=1

N=0

LRGR=1

M=1

IF (IPRE(Ms6)-LRG) 51552048515
IF (M=NMAX) ST Es5 1T ab 1
M=M+1

GO TO 510

LRG=LRG+1

HEON TS 09

IF (N-NMAX) 523521 521
LRGR=LRGR+1

N=0

GO TON 520

N=N+1

IF (IPRE(Ns7)-LRGR) 52035264520
LR=LR+1

NLR=1

IF {K(NLR)-=LR) 52845344528
IF (NLR=NMAX) 52955263526
NLR=NLR+1

CIBl ek Azl

IPRDILL o2 y=NLR

IPRD(Ls2)=M

IPRD(Ls3)=N

IF (L=NMAX) 53685554555
=141

B0 T 515

ORDER FINAL DUMMY PRINT OUT
KD=1

LRG=1

N=0

LRGR=1

M=1

IF (IJD(Ms1)=LRG) 565 ¢« 570565
IF (M=NMAX) 5665674567
M=M+1

A TONESE

LRG=LRG+1

513

514
51'8
516
00517
B8
519
520

5217
522
523
524
525
526
00527
528
529
530
531
552
583
534
535
536
537
538
S
540
541
5472
543
544
545
546
547
548
549
550
551
552
5153
554
555
556
ST
2548

559
560
561
562
563
564
565
566
567
568



S

GO TO 559
570 IF (N=NMAX) 572,571,571
571 LRGR=LRGR+1
572 N=0
GO TO 570
573 N=N+1
575 IF (IJD(Ns2)=~LRGR) 570355763570
576 IPRD (KDy4)=M
IPRD (KDs5)=N
585 IF (KD-KDMAX) 58695904590
fﬁee KD=KD+1

% GO TO 565
90 PRINT 1204
204 FORMAT (104HO K ACTIVITY I J

PRINT ACTUHAL ACTIVITIES
DO 1206 L=1sNMAX
M=TPRDI(Ls?2)
N=TPRD(L s3)
READ TAPE 9+ AsBsCeDsEsFsGs (ACT(IT)s II=1s4)
05 FORMAT (I5.3H GAG 2T T 1140199160114+ 19516)
&Oé RRENTS T2 QSRS Sy S MAE T TR s S T =g sy IPRECLsE) s ITPRECLST) s
1K(M)s IPRE(Ms6)s IPRE(Ms7)s K(N)s IPRE(Ns6)s IPRE(Ns7)

T 1 K I % K I J)
I
|

i

i REWIND 9

H PRINT DUMMY ACTIVITIFS

¢ PRINT 1207

207 FORMAT (118H1DUMMY ACTIVITIES KD=DUMMY ACTY IDENTIFICATION NUMB
g; 1ER ID=TAIL OF DUMMY ACTY ARROW JD=HFAD OF DUMMY ACTY ARROW)
i; PRINT 1208

208 FORMAT (58H0 KD 1D JD KD ID

B 1 D)

i DO 1210 KD=1sKDMAX
f M=TPRD(KDy4)

i N=TPRD(KD45)

209 FORMAT (I5s9H DUMMY $21541155s9H DUMMY 4215)

10 PRINT 120945 KDs IJUD(M»s1)s IJD(Ms2)s KDs TJIDINs1)s IJUD(Ns2)
D99 IF(IPUN) 1100+119751100

100 DO 1125 N=1sNMAX

: READ TAPE 9s XsXXsTNsTCRsPRTsCSTNsCSTCRs (ACT(II)s11=1,4)
124 FORMAT(214+20X33F3¢042F5,034A6)

525 PUNCH 1124sIPRE(Ns6)sIPRFE(Ns7)sTNsTCRsPRT4CSTNsCSTCR

B 1CACT(ITIY sl el k)

. DO 1135 N=14KDMAX

134 FORMAT(214s45H DUMMY )
135 PUNCH 1134s1JD(Ns1)sTJD(Ns2)

REWIND 9

197 IF(IJACK) 598559851198

198 DO 1199 N=1sNMAX

199 WRITE TAPE 10sIPRE(Ns6)sIPRE(Ns7)

DO 1250 N=1sKDMAX

250 WRITE TAPE 10sT1JD(Ns1)sIJD(Ns2)

CALL CHAIN (24B2)

Bo8 CALL EXIT

END

569
570
)T
i
572
574
S5
576
ST
578
T A
580
581
582
583

584
585
586
587
588
389
590
5]

592
00593
594
595
596
B9
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
6l



i
® RE
?

12

153

i
9005

2006

2007
2008
012
20173
PO 14

PO 15
CH

PO 20

CHAIN(2sB2) i
IETST 2
DIMENSTION VAR(12)sFINLT(2000)sFLOW(2000)¢KFROM(2000)sRIGG(2200) s 3
11(2000)+J(2090)sSLOPE(2000)sTN(2000)sFLUS{2000)sTCR(2000) s 4
2PRDR(200) s TVC(200) sDAD(2200) s ACT(4) s VOR( 3) 5
COMMON FLOWsFINLTsKDMAX » KMAX s IDUMs TOK sVOR s TERR4LMAX sFIXASFIXB, 6
1DURA s VAR s IPRDR s PVC s POH s PTC 3ADDsFIRsFINSKFROMyBIGGs 1 3 JsSLOPFE, 7
2TNsFLUSs TCRsPRDR s TVC sDAD 8
FQUIVALENCE (FLOWSsFINLT) 9
REWIND 9 16
REWIND 10 11
ADING DATAs CALCULATING LMAXsKMAXs AND NORMAL PROJECT COST
ADD = 0.0 12
COSTO =0.0 13
JJ = 1 14
HH=0 , 0 15
LLL = O 16
LMAX = 0O 17
PTC = 10.E312 18
IFCTOKY 242420085 19
K=1 20
DO 15 K=1sKMAX 21
READ TAPE 9sXsXXsTN(K)sTCRI(K) sPRTsCSTNsCSTCRs{ACT(II) s II=194) 22
READ TAPE 10sI(K)sJ(K) 23
ADD = ADD + PRT 24
2 = TNIK)=TCR(K) 25
SLOPE(K) = (CSTCR=CSTN)/(Z) 26
COSTO = COSTC % CSTHN 2%
CONTINUF 28
K=KMAX 29
DO 13 IK=14KDMAX 30
K=K+1 21
READ TAPE 10s TEEJaJ(K) 32
THNEEY = D0 33
TERER) = .0 34
SLOPE(K) = 0.0 35
KMAX = KMAX+KDMAX 36
REWIND 9 37
REWIND 10 38
GO TO 2020 39
K=1 40
NUMBFR=0 41
READ TAPE 9sI1(K)sJ(K)sTN(K)sTCR(K)sPRTsCSTNsCSTCRs(ACT(IT)sl1I=1s4) 00042
ADD = ADD + PRTY 43
Z=TN(K)=TCR(K) bt
SLOPE(K)=(CSTCR=-CSTN)/(Z) &5
COSTO = COSTO + CSTN 46
IF(JIKI=T(K)) 200720072008 47
NUMBER = 1 48
IF(J(K)=LMAX) 2013520132012 49
LMAX=J(K) 50
IF(J(K)Y) 20144+201542014 51
K = K+1 B
GO TO 2006 53
KMAX = K=-1 54
FCKING FOR TOO MANY ACTIVITIES IN INPUT DATA DECK
REWIND 9 55
REWIND 10 56
IF(KMAX=2600) 203042030417 i



,{

85

b86

CHECKING FOR TWO ENDING

FORMAT(22HC THE IMPUT CONTAINS

I5s 62H ACTIVITIES.  THIS PROGR 00058

1AM IS DESIGNED FOR 2600 ACTIVITIES.) 54

PRINT 16+ KMAX
GAT O 530

BCHECKING IF ERROR CHECKING
‘§BO EFCTERRY) 550920359550

@35 1F(NUMBER)
BCHECKING FOR TWO STARTING

Kik=1

NN=0

K=1

FEGT ARy =KkK) 5535561 3553
IF(K=KMAX) 55445554555
K=K+1

GE e 552

FECKE=LMAX) S5H6s5 12 v552
KK=KK+1

GO TO 551

K=1

IF(J(K)=KK) 56245554562
IF(K-KMAX) 56335654565
K=kK+1

GO TO 5611

IF(NN) 566:566+567

KKS1 = KK

K52 = KK

NN = NN +1

IF{NN=1) 555555570
FORMAT(&67HO THE ARROW
1WERE FOUNDa)

PRINT 569

FORMAT(9H EVENTS s14:6H AND

1ENTS )
PRINT 5714KKS1sKKS2
GO TO 530

KK=LMAX

NN=0

K=1

IECITKY=KK) 575580575
IF (K=KMAX) 576517577
K=K+1

GO TO 574

IFECKK=1 6] Ty &L e 58
KK=KK-1

GO TD 573

K=1

LE (I (K)Y=KK) 5823577 +582
[F(K=KMAX) 583,5844584
K=K+1

GO TO 581

IFINN) 5944594,595
KKE1=KK

NN = NN +1

KKE2=KK

IF ENN=19 577« 5507 9 586
FORMAT(65H0 THE ARROW
1RE FOUNDs )

PRINT 585

ROUTINE

61 ¥ 569536175

EVENTS

DIAGRAM

60

61
IS REQUIRED

62

63

64
65
66
67
68
69
70
71
72
e
T4
TH
76
il
78
79
80
81
82
83

DIAGRAM 1S5 INCORRECTs. TWO STARTING EVENTS 84

85
86

s T4934H ARE BOTH USED AS STARTING EV 00087

88
89
90

21
92
9%
94
95
96
2 g
98
99
100
101
102
103
104
105
106
107
108
109
110

IS INCORRECTe TWO ENDING EVENTS WE 00111

e
113



.-‘_-l

BS FORMAT(9H EVENTS +1456H AND s14+32H ARE BOTH USED AS ENDING EVEN 00114

B 175 115
d PRINT 589 ¢KKFE1sKKF?2 116
) GO TO 530 Y13
"NODE RFNUMBERING ROUTINE
7 IF(NUMBER) 6175969046175 118
1 Ki = 1 119

KK=KN 120
£ = 1 121
IF(I(K)=KK) 62146314621 122
IF(K=KMAX) 62346254625 123
K=K+1 124
GO TO 620 125
[F(KK=LMAX=1) 6264629,629 126
KK=KK + 1 127
GO TO 616 128
DO 630 K=1, KMAX 129
IF(J(K)=T(K)) 6303563034630 130
FORMAT(41HO A LOOP FOUND. ERROR IN DIAGRAM LOGIC) 131
PRINT 6302 132
GO TO 530 133
CONTINUFE 134
GO TO 690 135
K=1 136
IF(J(K)=KK) 645+6404,645 137
IF(T(K)=KN) 64546254625 138
IF(K=KMAX) 64646404640 139
K=K+1 140
GO TO 635 141
K=1 142
IF(I(K)=KK) 65536514655 143
I(K)Y =KN 144
GO TO 660 145
IF(T(K)=KN) 660+6564+660 146
I(E) =KK 147
IF (K=KMAX) 661+6644+664 148
K=K+1 149
GO TO 650 150
el 151
IF(J(K)=KK) B6T0s666+670 152
J{K)=KN 153
GO TO 675 154
IF(JIK)=KN) 6T754671,675 155
JIKY "= KK 156
IF(K=KMAX) 676+6804680 157
K=K+1 158

5 GO TO 665 159

80 IF(KN=LMAX) 6819629,629 160

$81 KN=KN + 1 161

GO TO 618 162

190 CONTINUF 163

| LMAX = 1 164
DO 695 K=1sKMAX 165
IF(J(K)=LMAX) 6954695,69?2 166

>  LMAX = JiK) 167

495 CONTINUE 168
DO 28 K=1sKMAX 169

28 FLUSIKY = 0.0 170
FORWARD ITERATION




NCK=1

DO 30 L = 1sLMAX

BIGG(L) = 0.0

FLOW(L)=0,0

KFROM (L) = 0

N = 1

FLOW(N)=3000040

L=2

k=1

IF(J(K)=L) 35543535
M=J(K)

N=T(K) :
IF(FLUS(K)=SLOPFE(K)) 49+47+47
TIME = BIGG(N) + TCR(K)
ONT = 30000.0

GO TO 50

TIME = BIGG(N)+TN(K)

QNT = SLOPE(K) = FLUS(K)
IF(TIME-BIGG(M)) 35435,51
NCK=1

BIGG(M) = TIME

KFROM(M) = K
IF(QNT-FLOWIN)) 62362461
FLOW(M) = FLOW(N)

GO TO 25

FLOW (M) = QNT
IF(K=KMAX) 36437437
K=K+1

6O TO 33

IF(L=LMAX) 3Bs+65:65
L=L+1

GO TO S2

IEINCK=1) 110701106

NCK = O

L = LMAX

K=KMAX

IFCJIKY=L) 74480474
IE(k=1) 75 T6sl5

K=K-1

GO FE| T2

IF =2y 771005 7T

L=L-1

GO TO 71

M=J(K)

N=T(K)

IF(FLUSIK)Y)Y 74474485

IF CREUSIERY =SERRPE R8s 87486
TIME = BIGGIM)-TCRI(K)
QN = PLUSTK) = SEORPE (K9
GO TO 8¢9

TIME=BIGG (M)=TN(K)

QNT = FLUSI(K)
[IFITIME-BIGG(N)) T4sT74592
BIGG(N) = TIME

KFROM(N) = K

NCK=1

IF(QNT-FLOW(M)) 963+964+94
FLOW(N) =FLOW({M)

il
172
173
174
175
176
M7
178
Sy
180
181
182
183
184
185
186
18T
188
189
B0
1ol
192
193
194
195
196
o
198
199
200
20
202
203

204
205
206
207
208
209
210
248
212
213
214
215
216
217
218
2l
220
221
222
223
224
225
226
22
228



10
54

16

R

=~

D5
06
07
09

ﬁo
1)

0
5
6

e

GO TO 74

FLOW(N) = QNT

O T T4

IF(NCK=1) 110,101+110
NCK=0

GO TO 31

4AS%IGNING FLOW TO ACTIVITIES

K=KFROM(LMAX)

M=J( K )

IFMM=J(K})) 1161173116
M=J(K)

N=T(K)
FLUSTKY=FLUS(KY=FLOW{LMAX)
Sl i 7t

N=T(K)
FLUSIK)=FLUS{K)+FLOW(LMAX)
M=N

IF{N=1) 126+128+126
K=KFROM(M)

GO TO 114

PROR EJIY = BlIEGE IEMAX)

GMPUT ING PROUVECT VARIABLE ¢QST

S S Rl T LA i o

TVC{Jd) = COSTO

GO TO 190

Y SS= S Gl

BR= PRDR(JJ)

JId=dI+1

TVC(JJ) = COSTO+(BB~PRDR(JJ) )*(HH)
COSTO = TVC(J)

HH=HH+ FLOW(LMAX)

EHECKING FOR MINIMUM TOTAL PROJECT COST

MARTAN = 1

FECEEXAS 201250201
IEEPRPRUCIIV=BLIRAN 20 2 2100 205
A = TVC(JIJ) + (FIXA®PRDRUJI))
GO TO 204

A = TVC(JL) +(FIXB*PRDRI(JJ))
IF(PTC~A) 2054204152041

PTC = A
PME = TMEidd)
POH = PTC=-PVC

IPRDR = BIGG(LMAX)

MARTAN = 0

IF(PRDR(JJ)=DURA) 20632064207
SLT=FIXA-HH

GHe Ten 20

SLT= FIXB~HH

[EUSLETY 21042104250

IFtLLL) 2504211250

L=} Il 4=

GO TO 400

CHECKING FOR RANGE OF WANTED OUTPUT

IF(FIR) 255354004255
IF{PRDR(JJI=FIN) 256454004500
IF{PRDR(JJI=FIR) 500+400-,400

FORMAT(11H1SCHEDULE +14,20H PROJECT DURATION

1IRTABLE COST = sF8,0)

140 FORMATI(124HOINPUT

229
23y
231
252
233
234

235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250
251
252
253
254
255
256
257

258
259
260
261
262
263
264
265
266
267
268
269
270
2
272
273
274
2575
276
Zel

268

279

280

= sF6.0+:23H TOTAL VA 00281
282

CRITICAL 283



1 EARLIEST LATEST EARLIEST LATEST TOTAL FREE INDEP ACTIV

® o171v)

240 FORMAT(124H ORDER  ACTIVITY NAME I J PATH  DURATI

¥ 10N START  START FINISH FINISH FLOAT FLOAT FLOAT C
205T)

%1 FORMAT(1H s1444A64216s5H YFSsF11e03F10e0sFBe0sF10e0sF840y
B 13F7.04F10.0)

FORMATI(1IH +1444A6421645H NOsF1lsDsFlDeDsFBe0sF1Da0sF8els
13F760sF10.0)

FORMAT(1H 12A6)

PRINT 130sJJsPRDR(JJI)sTVC(JIJ)

PRINT 399 o CVARCT I s 201512

PRINT 140

PRINT 240

CALCULATION OF FLOATS AND SCHEDULING

: DO 426 I1=1sLMAX

FINLT(I)=RIGG(LMAX)

L = LMAX
K=KMAX

M = J(K)
N = T1(K)

IF(M=L) 450s441+450
IF(BIGGIM)=BIGGIN)=TN(K)) 4434425442
SCDR=TN(K)
GO TO 444
SCDR = BIGG(M)=BIGG(N)
START = FINLT(M)-SCDR
IF(START=FINLT(N)) 44654504450
FINLT(N)=START
IF(K=1) 45234525451
K=K=1
GO TO 434
: IF(L-1) 460s4603s453
B3 L = L-1
] GO TO 430
* OUTPUT PRINTING
460 K=1
KPAGE=1
KOUNT=1
861 READ TAPE 9s IBs JBs Ys YYs PRTs CSTNs CSTCRs (ACT(II)sIl=1s4)
462 IF (SLOPE(K)) 4644635464
463 IF (IDUM) 46446048 4464
64 M=J(K)
N=T(K)
IF (BIGG(M)}=BIGGIN)I=TN(K)) 4664+465+465
{665 SCDR=TN(K)
COST=CSTN
GO TO 467
66 SCDR=BIGG(M)=BIGG(N)
7=TN(K)=SCDR
COST=CSTN+(Z*SLOPE(K))

67 FLTO = FINLT(M)-BIGG(N)-=SCDR
FLFER = BIGG(M)=BIGG(N} —~ SCDR
FLIN = BIGG{M)=FINLT(N)y=SCDR

FINER = BIGGUNY) + SCDR
SRR =TT MRS R
D00 IF (FLIN) 4001+4003,4003
001 FLIN=0.O
O3 TE (T O 500050004004

00284
285
00286
00287
288
289
290
g mll
292
293
294
295
296
297

298
299
300
301
302
303
304
305
306
307
308
309
310
Z1
232
213
314
315
316
E0E

318
S
320
220
322
223
324
325
326
22
228
B2o
330
331
352
223
334
355
336
chzli
238
289
340



W

i

an IF (ELTO) 4006+400544006

105 PRINT 141sKs(ACT(II)sII=1s4)9sIBsJBsSCDRsBIGG(N)sSTLTsFINERS

B 1FINLT(M)sFLTOsFLFRsFLINsCOST

i GO TO 6000

J06 PRINT 142sKs (ACT(IT)sII=1s4)91BsJBsSCDRSsBIGGIN)sSTLTsFINERS

8 1FINLT(M)sFLTOsFLFRsFLINsCOST

i GO TO 6000

JOO IF (SLOPE(K)) 5050550015050

D1 IF (FLTO) 5006s500445006

B2 FORMAT{1H s1ts3A6s6Xs216s5H YESsF11a0sF10.06F8.0sF10.0sF860s
& 13F740sF10,0)

W04 PRINT 5U03sKs (VOR(IT)aII=193)sI1(K)sJ(K)sSCDRsBIGG(N)sSTLTsFINERS

I

1FINLT(M)sFLTOsFLFRaFLINSCOST
GO TO 6000

05 FORMATI(1H sI4s3A696Xs21645H NOsF11e0sF1l0e0sFB8e0sF10s0sF8a0s

B 13F7.0sF10.,0)

Foe PRINT 5005sKs (VOR(II)eII=153)al(K)sJ(K)sSCDRsBIGG(N)sSTLTsFINERS

B 1FINLT(M)sFLTOsFLFRsFLIN,COST

& GO TO 6000

W50 IF(FLTO) 5065+505555065

25 FORMAT(1H 21494A69216s5H YESsF11e03F10e0sF8403sF10e0sFB8400s

13F7.0sF10.0)

55 PRINT 5025sKs (ACT(IT)aII=144)aT(K)sJ(K)sSCDRsBIGGIN) sSTLTsFINERS
1FINLT(M) sFLTOSsFLFRSFLINSCOST

| GO TO 6000

D64 FORMATI(1IH +14+4A64921645H NOsF11eO0sF10e0sFB8e0sF10ea0sFB8a0s

13F7e0sF10,0)

W65 PRINT 5064sKs (ACT(II)sII=194) eI (K)sJ(K)sSCDRIBIGG(N) sSTLTsFINER,

1FINLT(M) sFLTOsFLFRsFLINSsCOST

#00 KOUNT = KOUNT + 1

- IF(KOUNT=50) 6048460486002

001 FORMAT(7H1 PAGE +16s10H SCHEDULE +16)

02 KPAGE = KPAGE + 1

903 PRINT 6001sKPAGEsJJ

! PRINT 140

PRINT 240

; COURT = 1

D48 IF(MARIAN) 6050+6049+6050

W49 WRITE TAPF 10,SCDRsCOST

W50 IF(K-KMAX) 605155004500

i

S

e e

51 K=K +1

: GO TO 461

00 REWIND 9
REWIND 10

CHECKING FOR LAST SCHEDULF

IF(HH=3000040) 501450535505

Bl JJ=JJ+%1

GO TO 29

05 NJJ=JJ

P06 FORMAT(32H1 SCHEDULF OF PROJECT VARIABRLES)
- PRINT 506

1EAD TOTAL PROJFCT COST)
PRINT 507

PRINT TABLE OF FEASIBLE SCHEDULES
Jy = 1

D71 FORMAT(1852F1640sF17405F2240)
D8 IF(PRDR(JJ)=DURA) 509550945510
PO TOH=PRDR(JJ)*FIXA

D7 FORMAT(84HO SCHEDULF DPURATION VARIARLF COST OVERH

341
3472
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
281
382
383
384

385
386
387
388
2189
390

00391

B3
595

394
295
396
397



GUNTO 511

TOH=PRDR (JJ)*FIXB
TRC=TVC(JJ)+TOH

PRINT 50715JJsPRDR(JJ) s TVC(JIJ) s TOHs TPC
IF(JJ=NJIJ) 51245154515
Jd=JdJd+1

GO TO 508

CONTINUE

IF(ADD) 517,530,517
CALL CHAIN(34B3)

CALL EXIT

END

398
399
400
401
402
403
404
405
406
407
408
409



{ CHAIN(3sR3)
i LIST
DIMENSION FINLT(2000)sACT(4)sVAR(12)sFLOLD(2000) sEARST(2200)
11(2000)sJ(2000) sPRT(2000)sSCOLD(2000)sFLTO(2000)sDIFT(2000),
2SCDR(2000) s VOR(3)
COMMON FINLTsKDMAXsKMAX s IDUMsTIOKsVORS IFRRyLMAXsFIXASFIXBsDURASVARY
1IPRDR sPVC sPOHsPTCsADDsFIRsFINSsFLOLDsEARST 513 JsPRTsSCOLDSFLTO
2DIFT ¢SCDR
K o= 1
{00 READ TAPF 99 AsBsCsDsPRT(K)

READ TAPE 10, SCDRI(K).COST
{ IF(SCDR(K)) 702547014702
1 PRT(K) = 040
7 IF(K-KMAX) 703+7055705
s K = K + 1

GO TO 700
05 MM =1
i RFWIND ©
; REWIND 10
12 CALL CALFL(KMAXsLMAX)
' IF(MM=1) 7181+715,7181
5 DO 718 K=1sKMAX \
j FLOLDIK)=FLTO (K
18 SCOLD(K)=SCDRI(K)
‘ MM=MM+ 1
{CHECKING ACTIVITIFS TO SFE IF TOTAL FLOAT HAS BFEN RFDUCED TO ZFRO
a1l k=1
Bl82 IF(PRT(K)=SCDR(K)) 7191+7191+719
19 IF(FLTO(K)=0e50) 7191471914+720
101 IF(K-KMAX) 71924+790,4790
o> K=K+1
j GO TO 7182
B0 DO 7200 K=1s KMAX
PO0 DIFT(K)=0.0
INCREFASING DURATION OF NON-CRITICAL ACTIVITIES BY A SMALL INCREMENT
= =)
201 IF(PRT(K)=SCDR(K)) 725s725,721
#21 IF(FLTO(K)=0e50)172547255722
22 DIFT(K) =PRT(K)=SCOLD(K)
{ SCDR(K)=SCOLD(K) +(0,D1%*¥DIFT(K))
125 IF(K=KMAX) 7264+7304730
26 K=K+1
- GO TO 7201
£30 CALL CALFL (KMAXsLMAX)
DETERMINING ACTIVITIES THAT ARE TO BE SCHEDULED TO BECOME CRITICAL

SFAC = 3000040

4 K=1
§3q IF(PRT(K)=SCDR(K)) 73957394735
25 IF(FLTO(K)=0e50) 73997395737
137 FACTOR=(0,01%FLOLD(K))/(FLOLD(K)-FLTO(K))
‘ IF(SFAC-FACTOR) 7394739,738
gzs SFAC=FACTOR
39 IF(K=-KMAX) 7044740,740

04 K=K+1
GO O T3
INCREASING DURATION OF SOME ACTIVITIES TO BECOME CRITICAL
40 K =1

E01 IF (PRI =SEDRK )T oD D0 Se T 3 5]
891 IF(FLTO(K)=0.50) T421,7T421 5742

[ AN L I e A

00007

10
11

12
i
14
i5
16
L
18
19
20
Gt
22
23
24
25
26

27
28
29
30
2
32
33
34

35
36
3
38
29
40
41
42
43

44
45
46
47
48
49
50
51
52
53

54
55
56



2 SCDR(K)= SCOLD(K) + (SFAC*DIFT(K)) 57

14621 IF(K=KMAX) 742257124712 58
G422 K=K+1 59
1 GO TO 7401 60
B Kk = 1 61
92 IF(SCDR(K)=PRT(K)) 794s79445793 62
93 SCDR(K) = PRT(K) 63
94 IF(K-KMAX) 7955796,796 64
95 K=K+1 65
- GO TO 792 66
96 CONTINUF 67
197 CALL CALFL(KMAXLMAX) 68
00 FORMAT(1HI12A6) 69
1 PRINT 800s (VAR(I)sI =14512) 70
005 FORMAT(8CH ANALYSIS UTILIZING THE ACTIVITY PREFERRED DURATION AS A 00071
1 PARAMETER IN SCHEDULING) 72
PRINT 8005 73
{01 FORMAT(20HOPROJECT DURATION = 516523H PROJECT DIRECT COST = T4
‘ 1F840520H PROJECT OVERHEAD = sFB840922H PROJECT TOTAL COST = 4F8.0) 75
PRINT 801sIPRDRsPVCsPOHSPTC 76
1802 FORMAT(124HOINPUT CRITICAL 77
{ 1 EARLIEST LATEST EARLIEST LATEST TOTAL FREF INDEP ACTIV noo78
e 21TY) 79
{803 FORMAT(124H ORDER ACTIVITY NAME I J PATH DUR 00080
; 1ATION START START FINISH FINISH FLOAT FLOAT FLOAT C 00081
' 208T) 82
PRINT 802 83
! PRINT 803 84
05 FORMAT(1H »1454A6521655H YESsF11e05F10405F8e03F10403FB40s 85
: 13F740sF10,0) 86
§O7 FORMAT(1H sI143s4A65216s5H NOsF11e0sF1l0s0sFBe0sF1l0e0sFBa0s 87
{ 13F7404F10,0) 88
08 FORMAT(1IH sI453A636X521635H YES3sF11405F104035F8e05F10e05F8e0s 89
B 13F7.0sF10.0) 20
{09 FORMATI(1H sI4+s3A696X»21695H NOsF11405F10¢0sFBa0sF1040sF8a0s 91
13F740sF10.0) 92
OUTPUT PRINTING

ey 93
KPAGE =1 04
KOUNT =1 95
10 READ TAPE 10,sXsCOST 96
; IF(I0OK) 811582545811 97
711 READ TAPE 99 IBsJBsAsBsCaDsFe(ACTI(TII)sII=14s4) 98
i IF(COST) 814,812,814 99
212 IF(IDUM) 814,900,814 100
14 M=J(K) 101
l N = 1(K) 102
i FLFR = EARST(M)=EARST(N)=SCDR(K) 103
] FLIN = EARST(M)~FINLT(N)=SCDR(K) 104
FINER = FARSTI(N}) + SCDR(K) 105
STLT = FINLT(M)=SCDR(K) 106
IF(FLIN) B1548164816 107
15 FLIN=040 108
16 IF(FLTO(K)) B18s817+818 109
17 PRINT 8054 Ke(ACT(II)sII=194)s1BsJBsSCDR(J)SEARST(N) sSTLT9FINER, 110
1FINLT (M) sFLTO(K) sFLFRsFLINSCOST G
| GO TO 900 112
B18 PRINT 807s Ko (ACT(II)sII=154)sIBsJBsSCDR(J)SEARSTIN) sSTLTsFINERS 113
1FINLT(M) sFLTO(K) sFLFRsFLINSCOST 114

a




25

28

29
80
1835
36

38

B

GFO
165

..v———“-é‘g:-n-

5 0

R

900
03

30
35
26

41

GO TO 900 1YS
READ TAPE 94 AsBsCaDsEsFsGe(ACTIIT) sI1=144) T 6
IF(COST) 828+8264828 L
IF(IDUM) B828+500,828 118
M=J(K) B
N=T(K) 120
FLFR=EARST(M)-EARST(N)-SCDR(K) 123
FLIN = EARST(M)=FINLT(N)=SCDR(K) 122
FINER = EARST(N)+SCDR(K) L,
STLT = FINLT{M)y=SCDR (K 124
IF(FLIN) 82958304830 125
FLIN = 0.0 126
IF(FLTO(K)) 84048354840 127
IF({COST) 838+836,838 128
PRINT 8UBsKs(VOR(I)sI=153)9sI1(K)sJIK)sSCDR(K)SEARSTI(N)4STLTSsFINER, 129
IFINLT(M) oFLTO(K) sFLFRsFLINsCOST 130
GO TO 900 )
PRINT 805y Ko (ACT(II)sII=194)s1(K)sJ(K)sSCDR(IK)sEARST(N) sSTLT, 1132
LEINER sETNLT (MY s FLTO(K) 3 FLFRsFLIN»COST 133
@69 T0 900 134
IF(COST) B845+845,850 155
PRINT B809sKs(VOR(T)sI=193)sI1(K)sJIK)sSCDR(K)SEARSTIN)sSTLTsFINERS 136
1IFINLT(M) o FLTO(K) sFLFRsFLINsCOST L2
GO TO 900 138
PRINT 8079 Ks(ACTU(II)oII=1s4)s1(K)sJ(K)sSCDRIK)sFEARST(N) sSTLT 139
IFINERSFINLT(M) +FLTO(K) »FLFRsFLINSCOST 140
IF(KOUNT=50) 1000+10002904 141
FORMAT(7H1 PAGE ,16) 142
KPAGE = KPAGE +1 143
PRINT 903 4KPAGE 144
PRINT 8005 145
PRINT 802 146
PRINT 803 147
KOUNT = KOUNT + 1 148
IF({K-KMAX) 1001,1005451005 149
=R 150
GO TO 810 1.5
CAL I EXTT 152
END L53
EIST 3
SUBROUTINE CALFL(KMAX,LMAX) 2
DIMENSION FINLT(2000)sACT(4)sVAR(12)sFLOLD(2000) sEARST(2200) 3
11(2000) s J(2000)PRT(2000)sSCOLD(2000)sFLTO(2000)sDIFT(2000), 4
25CDR (2000) sVOR( 3) 5

COMMON FINLTsKDMAX sKMAX s IDUMsIOKsVORS IERR LMAXSFIXA,FIXBsDURASVARS 00006

1IPRDRsPVCsPOHsPTCoADDsFIRSFINSFLOLDsEARST oI s JsPRT+SCOLDSFLTO i1t
2DIFT 4 SCDR 8
DO 801 I=1sLMAX 9
EARST(I) = 0.0 10
L=2 11
K=l 12
M=J (K ) 13
N=I(K) 14
IF(M=L) 84048304840 15
TIME=EARST(N)+SCDR(K) 16
IF(EARST(M)=TIME) 8368405840 17
EARST (M) =TIME 18
IF(K-KMAX) 841,8454845 19
K=K+1 20



GO TO 827

IF(L=-LMAX) 84698524852
L=L+1

GO TO 826

CONTINUF

L=LMAX

K=KMAX

PO BEE T =l EMAX
FINLT(IY=EARST (LMAX)
M=J K )

N=TK)

IF(M=L) 87858724878
START=FINLT(M)=SCDR(K)
IF(START=FINLT(N)) 876+8784878
EENICRENIS S START
IF(K=1) 881s881s880
K=K=1

GO TO 864

[EGL=1) 885 B85 s8g2
L=L~-1

K=KMAX

GO TO 864

CONTINUE

K=1

M=J( K )

N=T(K)
FLTO(K)=FINLT(M)=FARST(N)=SCDR(K)
IF(K-KMAX) 888,890,890
K=K+1

GO TO 887

CONT INUE

RETURN

END

2l
e
23
24
25

27
28
29
30
31
32
33
34
25
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53



PROGRAM INPUT FORMS



CPS 300 ENGINEER
PROJECT INPUT FORM DATE
PROJECT JOB NO.
PROJECT IDENTIFICATION CARD
VAR
Sl 72
CONTROL CARD
FIR|FIN|FIXA|FIXB|DURA|VOR 54 1L i T S s b e 7
DUM |ERR | JACK| FRT| PUN
6|7 IR\ |19 24|25 30|31 48 |49 67| 68| €9 | 7o 7! 72




CPS 300 ENGINEER
NETWORK DEVELOPMENT DATA INPUT FORM DATE
PROJECT
11 K| IERE TN | TCR [ PRT CSTN CSTCR ACT




CPs 300 ENGINEER
NETWORK COMPUTATION DATA INPUT FORM DATE
PROJECT
I]+J 8T8 7T6R ] FRT CSTN CSTCR ACT




EXAMPLE PROBLEM



C
A

INPUT DATA FOR SAMPLE PROBLEM USING CPS 300

N EXAMPLE TO DEMONSTRATE A METHOD FOR CONSTR.

DATA
3
2 1
3 1
4 2
5 2
6 4
7 4
8 &
Q 8
1.0 9
11 o
I VT
s =i
14 6
15 &
16 14
17" L&
L8 6
19 16
20 e
2 S
Z PN [ &
23 18
2L
s
26 18
2 e
28 23
29 24
30 24

2004

~

18

49
20
24

500
2o
2
e
3
e
2e
le
2o
5e
1le
e

DUMMY ACTIVITY

le
1e
2
Ze
1e
2e
T
le
e
la
e

e
3.
3.
5e
3.
2
1-
e
5e
1e
5o

500s 600« BLDG EXCAVATION
5004 600« BLDG EXCAVATION
1250« 14004FORM POUR-STRIP FN
1250.1400FORM POUR~STRIP FN
450, 6504 BACKFULL FOUNDT
2100+2100.PLACE-GRADE GRAVEL
IS0 160 IBACKE TLLL " FOUNDIEN
5000« 3300 ERECT STEEL
3750.4050.RAFTERS AND RF DCK
500+ 500s. SET HVAC EQUIP
225024004RAFTERS=ROOF DECK

274204272150022000HAVC COMPL SYSTEM
10+6000+63004SHINGLES-ROOF SUB
1240004300 UNDERSLAB CONDUIT
15440004200 UNDERSLAB PLUMBING

8e
9
Fe
le
5e
5e
10
10
5e

5.
7'
T
Te
e
G
.8.
e
2o

l.

4000.4000POUR SLAB

10750 850s CERAMIC-QUARRY TIL

6

15.

1000412504 INTERIOR PARTITION
390044150« INTERIOT PLUMBING

1575008000« INTERIOR ELECTRIC

5e

750« 900. CERAMIC QUARRY TIL

1541020300063 250.PAINTING

5e
5
5e
10
10
ZDE P 6 e
10
5e

b4o

3

foe
.7.
.7.
eb e
I5l
3e

8
5
5e

15,

13331593 sFINISH CARPENTRY
200021004 SHEETROCK=TAPING
10001250, INTERIOR PARTITION
39004150« INTERIOR PLUMBING

1370001060, INTERIOR EQUIP COT

19.
12.
10

2667 2907 FINISH CARPENTRY
3600+3800,ACOUSTIC TILE
15006 1600RESILIENT. TILE

PLANNING AND SCHEDULING

Sl it



TICAL PATH ARROW CIAGRAM SOLUTICN

EXAMPLE TO DEMONSTRATE A METHCC FOR CCONSTR.

TIVITY TCENTIFICATION RUMBER

ACTIVITY
BLDG EXCAVATICN
- PLDG EXCAVATICN
FCRM POUR-STRIP FN

BACKFULL FOUNDT
PLACE-GRADF GRAVFEL
BACKFILL FOUNCTN
ERECT STEEL
RAFTERS AND RF CCK
SET HVAC EQUIP
RAFTERS-RCOF DECK
HAVC COMPFL SYSTEM
SHINGLE S-ROCF SUB
UNDERSLAE CCNCUIT
| UNDERSLAB PLUMBING
~palR SLAE
CERAMIC-=CQUARRY TIL
INTERIDR PARTITION
INTERIOT PLUMBING
INTERIOR ELECTRIC
CERAMIC CUARRY TIL
PAINTING
FINISH CARPENTRY
SHEETROCK=TAPING
INTERIOR PARTITION
INTERIOR PLUMBING
INTERIOR EQUIP COT
"FINISH CARPENTRY
ACOUSTIC TILE
RESILIENT TILE

~ FCRM POUR-STRIP FN N

PLANNING AND SCHECULING 3 F 100 TN
I=TAIL CF ACTIVITY ARRCW J=HEAD UF ACTIVITY ARRCW

I d Z T = Fooae Js ' AV T ¥ d

1 2 1 1 2 1 1 2

2 . R A e R B 2 2 T2 R F

2 3 3 2 3 3 2 3

R 4 4 3 4 4 3 2

3 5 9 3 5 5 3 5

4 6 é B B 1 LR

5 6 1 5 & 7 5 [

6 7 - SIS T 7 o 8 8 6 ¥

7 8 14 6 11 9 ik 8

8 B Be RS o e s L 10 S, 2

e 10 9 7 8 L g 10

9 €1 10 g8 T i LE 6 11
10 €1 11 8 10 15 6 11

€ 11 12 9 61 = B 16 11 12

6 11 13 1C 61 18 12 K
i R o NN . o 17 12 LT
12 1% 117 12 14 24 13 L5

12 13 18 12 Iz n 3 19 T - 1
12 16 15 12 16 20 12 17
12 17 20 12 it B2 - : - S B
14 61 22 13 61 25 13 18
P 61 BT e 2 18 26 16 18
13 18 24 13 15 27 17 18
13 15 25 =3 18 . e IZ S 61
13 18 21 14 61 13 1C 61
16 18 29 i5 &1 m 21 14 61 p
17 18 30 15 61 22 13 61
18 ) - A 2 1 3G N 28 18 61
15 61 27 17 18 "4 15 61
15 61 28 18 61 F il 1 5. 61




Y ACTIVITIES

KD=DUNMMY ACTY IDENTIFICATICN NUMBER

{

ID=TAIL OF DUMMY ACTY ARRCMW

JD=HEAC CF DUMMY ACTY ARROW

) ID J0 KD 1D JD

DUVMY 4 5 I CUMMY 4 5
? DUMMY 13 14 2 [DUuMMY 13 14
3  DUMMY i 16 : 3 DUMMY 13 16
4  DUMMY 13 17 4 DUMMY i3 1
5 DUMMY 15 18 5 DUMMY IS5 18




EDULE

R ACTIVITY NAME
1BLDG EXCAVATION
?BLOG EXCAVATION
3FCRM POUR-STRIP FN
4FCRM POUR-STRIP FN
58 ACKFULL FCOUNDT
¢CUMMY ACTIVITY
TOUMMY ACTIVITY
SEREET STEEL
SRAFTERS AND RF DCK
CCUMMY ACTIVITY
IRAFTERS-ROOF DECK
2LAVC COMPL SYSTEM
ISEFINGLES-ROCF SUB
4UNDERSLAB CCNDUIT
SUNDERSLAB PLUMBING
tCUMMY ACTIVITY
TCERAMIC-QUARRY TIL
SINTERIOR PARTITICN
IINTERIOT PLUMBING
(INTERIOR ELECTRILC
ICERAMIC CQUARRY TIL
2PAINT ING

IFINISH CARPENTRY
4SHEETROCK-TAPING
SINTERIOR PARTITICN
CINTERIOR PLUMBING
TINTERIOR EQUIP COT
EFINISH CARPENTRY
9ACOUSTIC TILE
ORESTLIENT TILE
ICUMMY ACTIVITY
2DUMMY ACTIVITY
JIDUMMY ACTIVITY
ADUMMY ACTIVITY

SCUNMY ACTIVITY

1 PROJECT DURATION
EXAMPLE TC CEMONSTRATE A METHOD FOR CCNSTR.

=2 50.
p L8R E 208 Y
J PATH
1 2 P ¥ES
2 3 NO
2 4 YES
3 4 YES
3 5 NO
4 & YES
3 6 NO
6 7 NO
7 8 NO
8 9 NOC
8 10 NO
5 61 NO
1C 61 ND
6 11 YES
6 11 YES
i 12 . YES
12 14 NO
12 13 ND
12 16  ¥YES
12 17  YES
14 61 NO
13 61 NO
§ 18 NO
13 15 NO
12 18 NO
1& 18 YES
17 18 YES
18 51 YES
15 61 NO
159 61 NO
4 5 NO
13 14 NO
3 16 ND
13 it NO
15 I8 NO

TOTAL VARIABLE COST
PLANNING AND SCHECULING

CLRATICN
2.
2.
3.
3.

3

2e
le
24
5.
l.
3a
27.
8.

Fe

1CC10Q.

START
O'
2.
2. i
5"

b-

8.

8-
10.
12.
1Fs
17+
18.
2C.
10.
10.
15.
28.
2C.
20.
20.
25,
25.
25«
25.
25
JC.
30.

25
254
25,
30,

— EARLIEST TL[ATEST SEAREHESTNEATEST

IOTRL FREE INDEP  ACTIVITY
START FINISH FINISE FLOAT FLOAT FLOAT cosT
0. W 2w 2. C. 0. O. 5CC.
. 4 5. l. B 1. 500.
2. B HEEER i C. 0. C. 1250.
5. 8. B 0. 0. C. 1250.
e B Be T L R ¢ [TRRRR ¢ %50
8. 10. 10. 0. C. C. 2100.
9. 1 %  10. l. 1. 0. 15C.
15. 12 17. 5 O C. 5000.
7 7 17T. 22. bia 0. C. 3750.
22, 18. 23. 5. C. O. 50C.
3. Rle W 4Z. 22, c. C. 2250,
23, 45. 50 . 50 5. C. 21500.
42. 28+ 50. 22, v I C. €00CC.
10. 19 19, O C. 0. 400C.
10. 19. 19. 0. 0. 0. 400C.
19. 20. 20 . C. 0. C. 4000.
40. R T 2C. He Ce B -1 P
25, Z 2 30. 5. O O. 1C0C.
20. 30. 30. C. 0. 0. 3900.
20. 30. 30. 0. O. C. 7500.
45, 30. 50. 20. 20. C. 750.
35 40 . 50. 10. 10. Se 3CCC.
35« e e 0. 0 e | %e . 1333« |
35. 30. 40 . 10. 0. 0. 2000C.
35. 30. 40. 1C. 10. 5. 1CCC.
30. 40, 40. O C. O. 3SCGC.
30. 40. 40. C. 0. Oe 1C00CQ0.
40. 50. 50. C. 0. C. 2667.
40. 40. Ble. 0. | 10. @ G« = 35004
45. 35 50. 15 15. 5. 1500.
90 ¥ 8707 9- 1- 0- 70- -00
45. 25. 45. 20, 0. C. O
30. 250 30. 5 Dla C. C.
30. 2 5. 30. 55 5. C. 0.
40. 30. %% TP R O, PN ¢ /FTRNTIRRI ¢ [ TE U™




FOULE 2 PROJECT CURATION = 46. TOTAL VARIABLE COST = 1(C34C.
EXAMPLE TC CEMONSTRATE A METHOD FOR CCNSTR. PLANNING AND SCHEDULING 41 s T R L AT

i iy —  _ CRITICAL EARLTIEST TLATEST ERRLIEYD LATEST TUOTAL FREE INCEP  ACTIVITY
ER ACTIVITY NAME 1 J PATH CURATION START STABE FINISH FINISH FLCAT FLEAT FLGAT COST

18LDG EXCAVATION 1 2 VYVES 2 C. 0. st . C. 0. C. 500.
cBLDG EXCAVATION 2 3 NO 2 2. 3. 4. 5e l. 1. 1. 50C.
IFCRM POUR-STRIP FN 2 g, YES 3. i 23 5. E- T3 0. 0. - TN 7 -
FBEACKFULL FCUNDT S A R . Eer . aba 6. SR Y. s 0 D. 0 Us 450.
DUMMY ACTIVITY 4 & YES 2. 8. 8. 10. 1C. O 0. 0. 210C.
CUMMY ACTIVITY 5 6 NO 1. 8. .0 . Ry o 10, Ie = 3s 0. 2 7
BERECT STEEL 6 7 NO e 10. 11. 12 13, 1+ 0. C. 5C00.
RAFTERS AND RF DCK F{ g NO - 5. 12. 130 18. 1. 0. U 0 25k
DUNMY ACTIVITY g 9 NO 1. Lilis 18, 18. 19. l. 0. C. 50C.
IRAFTERS-ROCF DECK 8 10 NO ' . FEEEERRNT: i B i T PO 1% DT Ua 7 2EsUs
HAYyC COMPL SYSTEM 3 61 NO 27. 18. 19. 45, 46, l. 1. C. 21500,
PSHINGLES-ROOF SUB 10 el NO B 20. 38. T ERL 46, 18. 18. 0. 6000,
UNDERSLAB CCNDUIT 6 11° . YES 1 1. 10. 19. sl C. 0. O. 400C.
UNDERSLAB PLUMBING 6 21l YES 9. 10. 10. T e 19. 0. 0. O. 4000.
DUMMY ACTIVITY 11 12 AES 1. 19. 194 20. 20. Ce 0. C. 4000,
CERAVIC-QUARRY TIL R - N B e - 20. = om i I %Ls = I6e 0. C. -7« P
AINTERIOR PARTITICN 12 k3 NO 5. 20. 25. 25. 30. 5. 0. 0. 1C00.
 INTERIOT PLUMBING 12 16 NES 10. 20. 20. 30 30. C. 0. 0. 2900,
) INTERIOR ELECTRIC 12 17 YES 10. 20. 20. 30. 30. 0. 0. C. 7500.
CERAMIC QUARRY TIL 14 61 ND 5. 25. 41. 30« 46, lé6. 16. C. 750.
PAINTING 13 61 NO 15. 25, 338 40. 46. 6o 6. 1. 300¢C.
FINISH CARPENTRY i3 18 NO R AU 3 30. s  XUsa | IWe . S5s 1333,
SHEETROCK-=TAPING 3 £S5 NO 54 25. 31 30. 36. 6. O. Ca 2000.
INTERIOR PARTITICN 13 18 NO B 254 35. ~ 30, 40. 10. 10. De 1000.
INTERIOR PLUMBING 16 18 ¥ES 10. 30. 30. 49, 40 . C. C. C. 3900.
INTERIOR EQUIP CCT 17 18 WES 10. 30. 30. 40,  40. Ce. 0. 0. 1C000.
IFINISH CARPENTRY 18 61 YES E. 40 . 40. 46, 46, C. 0. C. 2907«
ACOUSTIC TILE — 9 al  ng L Ny L e o 40. 46, TR 1 c. 3500,
RESILIENT TILE 15 61 NO 5 Q. 41. 35, 46. 11. 11, 5. 1500C.
CUMMY. ACTIVITY 4 5 ND C. 8. 9. G 9. 1. 0. 0. -0.
DUMMY ACTIVITY 13 14 NO 0. 25. 41. 25, 4]1. 16. 0. C. O.
CUMMY ACTIVITY 13 16 NO C. 2o 30. R 30. 5. s C. 0.
DUMMY ACTIVITY 13 17 NO C. 25. 30. 25. 30, Se 5 C. C.

BN R ¢ N DGR e i3 40.

DUMMY ACTIVITY 30. 40. 10. = 10, 4, 0.




ECULE 3 PROJECT CURATICON = 46. TOTAL VARIABLE COST = 1C034C.
EXAMPLE TQ DEMONSTRATE A METHOC FOR CUNSTR. PLANNING AND SCHECULING

T T R ¥ F & T i EARLTEST LCATEST EARLCTESHN LTAVEST TOTAL FREE INDEP  ACTIVITY
ER ACTIVITY NAME [ 4 PATH DURATICN START START FINISH FINISH FLCAT FLOAT FLOAT COST

[BLDG EXCAVATION 1 2 YES e g U B B Ze o. 0. ¢ Hog., B
?BLCG EXCAVATICN 2 3 NO D 2 3a 4, 5o i- i ¥ 500.
IFCRM POUR-STRIP FN 2 3 YES 3, 2= 0 2 - T 5. A B '  Ba  1250x
4tFCRM POUR-STRIP FN g 4  YES 3. 5. 54 8k 8. C. 0. O« 1250.
BACKFULL FCURNDT N . TSNS © SN e - T o g, 9. B T i I ¢ 550,
kDUNMY ACTIVITY 4 6 YES & 8. 8. 10, 16. Oa 0. 0. 2100.
TCUMMY ACTIVITY 5 [ NO : a, - P o E | 10 | ¢ I 150.
BERECT STEEL € 7 NO 2 10. 11s 125 ¥ ¥ 0. 0. 5000.
JRAFTERS ANLC RF DCK 7 8 NO 5. e 13+ e TR 8. i ¢ I 0. 375C.
ODUMMY ACTIVITY' 8 9 NO 1. & 18. 18. 19. e 0. O 500.
IRAFTERS-ROCF DECK g 10 NO j : FRRSSSSRTT ; 5 T 35 L E L RATINENE . Tl L R ¢ i P
PHAVC COMPL SYSTEM 9 61 NO iy 18, 19. 45, 46, ;I 1s 0. 21500.
ISHINGLES-RCCOF SUR 10 61 NO 8. 20. 38. 28R 46, 18. 18. U. €000,
LUNDERSLAB CCNDUIT 6 11 YES 9. 1G. 10. 19. 19, O 0. O. 400C.
SUNDERSLAB PLUMBING 6 11 YES G. 10. 10. moE ¢ 19. 0. 0. R : 400C.
sDUMMY ACTIVITY 11 12 YES ls 19. 19. 208 20. 0. s 8 0. 4000,
TCERAMIC-QUARRY TIL — 12 1% RE . TEaE . 209 ¢ i o 51e e 0 e . U
RINTERIOR PARTITICN 12 12 ND 5 20 . 25. 25 30. 5. 0. 0. 1000.
OINTERIOT PLUMBING 12 1€ YES X0 0. e -0 30. D« O. ' Py 3500.
ONINTERIOR ELECTRIC ‘ 12 17 VYES 10, s 20. 30 30. o 0. ' 7500.
ICERAMIC GQUARRY TIL 14 61 NO 5. 25. 41. B - T 16. 16. ' 750.
JPAINTING 13 61 NO 15 25. 314 40, 46. 6. 6. 1 300C.
IFINISH CARPENTRY 13 ] NO S 25,  DJoa e T TE ST ! ¥ P [ | PR Be i & [ PO
(SHEETROCK-TAPING 12 15 NO 5. 25, 31. 30. 3€. 6 o Os 2000.
FINTERIOR PARTITICA 12 18 NO 5. 25. 35+ =i 1 40. 1C. 10. 5. 1000,
bINTERIOR PLUMBING 16 18 YES 10. 30, 30. 40, 40, 0. 0. 0. 3500.
TINTERIOR EQUIP CCT 17 18 YES 10. 30. 30. AR 40. e s I 0. 1C000.
BFINISH CARPENTRY 18 61 YES 6. 40, 40. 46, 46, C. 0. 0. 2907.
GACOUSTIC TILF . ¥ &b R 18 . o 30 ¢ B 40, BEL L Bs | 2a s 3800,
IRESILIENT TILE 15 61 NO Se 30. 41. 35, 46, 11 k. 5. 1500.
ICUMMY ACTIVITY 4 5 NGO e 8. 9 i 9. T 17 ; TR =C.
2DUMMY ACTIVITY 13 14 NO 0s 25 41 25 41, 16. 0. 0. 0.
IDUMMY ACTIVITY 12 1€ NO O. 25, 30. PSR  30. i e % T i
CUMMY ACTIVITY 13 17 NO 0 25. 30. 25. 30. 5. 5. G. C.

SCUMMY ACTIVITY R - L A T T 30. 40. 10. 10. 4. c.




ieen N W &) LA Seilie | N
|

CULE 4 PROJECT DURATICN = 45, TOTAL VARIABLE COST = 1C044C.

XAMPLE TC DEMONSTRATE A METHOCD FOR CCNSTR. PLANNING AND SCHEDULING e 3 N A PN e ™ S
1T i L s CEYTIURAYE  EARTIEST LATEST Eoviuerd LATEST TOTAL FREE INUEPT &CTIVITY

R ACTIVITY NAME H J PATH CLRATION START START FINISH FINISH FLOAT FLOAT FLOAT COST

BLDG EXCAVATION 1 2 YES ' 8 - 7 9 ° B : 0. 0. 5 1 600,

BLDG EXCAVATION 2 3 NO 2e 1 2a 3. 4, , 5% 1 500.

FCRM POUR-STRIP FN 2 3 YES e 1% ;7 4, LT 1 0. O, 1250«
FCRM POUR-STRIP FN 2 4 YES . B 4 4. t. Ta '« 0. 0. 1250.
BACKFULL FCUNDT = 5 WA= 1 Bl o, RS T A B R (PRI ¢ P 0. 450,
DUMMY ACTIVITY 4 6 YES = T4 9. 9. 8. O. Os 2100.
DUNMY ACTIVITY 5 6 NO 1 i 8 T . 9. 1= : ¢ I 150,
FRECT STEEL 6 7 NO 2 9. 10. 18 12. 1s 0. 0. 5000.
RAFTERS ANLC RF DCK 7 a ND B 5 12+ =l = . 3y & : 0. O. 3750,
DUMMY ACTIVITY 8 g ND 1+ i85 175 1 B 18. s . G. 500.
RAFTERS-ROOF DECK g 10 NO . Pl L i RO TR T % PRI ¢ e
HAVC COMPL SYSTEM 9 61 NO v & 18. 44, 45, | 1s 0. 21500.
ISEFINGLES-ROCF <ub 10 61 NO B 13, 37, B 4 5. 18. 18. Us €000,
UNDERSLAB CONDUIT 6 11 YES 9. 9. 9. 18. 18. 0. o. 0. 4000,
FUNCERSLAB PLUMRING & 117 VES 9. 9. 9. T G 18. 0. ;1P 0% 4000.
DUMNMY ACTIVITY 11 12 YES is 18. 18, 19. 155 i 0. C. 4000.
CERAMIC-CUARRY TIL B 14 W Hie E o e T 352 2 ak R PO 16. TN R ¢ R S G
BINTERICR PARTITION 12 13 NO 5 19. 24 . 28, 29. 5e 0. 0. 1000.
INTERIOT PLUMBING 12 16 YES 10. 19. 19. oW 29. 0. 0. D& 3900.
INTERIOR ELECTRIC 12 17 VYES 10. 19. 19. 29. 29. i 0. 0. 7500.
CERAMIC QUARRY TIL 14 61 NO 5e 24. 40. ~ 29. 45, 16. 16. C. TS50,
PAINTING 13 61 NO 154 24 . 30. 39, 45, 6. 6. Vs 300C.
FINISH CARPENTRY 17 18 NO L PR . T 34, 29. S99 18 10« = 5. . 13737, LA
SHEETROCK-TAPING 12 15 NO 5. 24 . 30. 25. 35. 6. 0« 0. 2000.
SINTERIOR PARTITICN 13 18 ND 5 24, 34, 2. 39. 10 10. 5. 1000,
INTERIOR PLUMBING 16 18 VYES 10. 29, 29. 39, 335. 0. 0. 0. 350C.
INTERIOR EQUIP CCT 17 18 YES 10, 29. 295 39. 39, 0. O 0. 1Cc0oC.
FINISH CARPENTRY 18 61 YES G 39, 39. 45, 45, 0. o 0. 2907.
ACCUSTIC TILE E L T e 29 X 39. 5 MBS R 5 7 360C.
RESILIENT TILE 15 61 NO B 29. 40. 34, %5. : 3 W 1 70 5. 1500.
ICUMMY ACTIVITY 4 5 NO e 1% B Nt BN Ba i (7P . 0. =0
DUMMY ACTIVITY 12 14 ND 0. 24 40, 24 . 40, l6. 0. & 5 D
OUMMY ACTIVITY 13 16 NO O 24 . 29. = 28 29, 5. . J O. ;=
DUNMMY ACTIVITY 13 17 NO O. 24, 29. 24, 29. 5e 5 34 0.
DUNMY ACTIVITY kR iR KeE o D T He 294, @ ook 29. L TR  ; I 10, T U




uT
ER ACTIVITY NAME
1BLDG EXCAVATION
2BLDG EXCAVATION
3IFCRM POUR-STRIP FN
4FCRM POUR-STRIP FN
SBEACKFULL FCURNDT
6DLNMMY ACTIVITY
1CUMMY ACTIVITY
BERECT STEEL
9RAFTERS ANC RF DCK
ODUMMY ACTIVITY
IRAFTERS-ROOF DECK
2FAVC COMPL SYSTEM
ISHINGLES-RCOF SUB
4UNDERSLAB CONDUIT
SUNDERSLAB PLUMBING
6DUMMY ACTIVITY
TCERAMIC—-CUARRY TIL
RINTERIOR PARTITICN
SINTERIOT PLUMBING
(INTERIOR ELECTRIC
ICERAMIC CUARRY TIL
PPAINTING

IFINISH CARPENTRY
SHEETROCK-TAPING
SINTERIOR PARTITION
(tINTERIOR PLUMBING
INTERIOR EQUIP CCT
FINISH CARPENTRY
ACOUSTIC TILE
RESILIENT TILE
CUMMY ACTIVITY
DUMMY ACTIVITY
DULNMY ACTIVITY
DUMMY ACTIVITY
CUNMY ACTIVITY

EDULE 5 PROJECT DURATICN
EXAMPLE TU DEMONSTRATE A METHOD FOR CCNSTR.

OV OO0 IS WM

OO0 0=~ DU W NN
P O OO = = = O O = ] = ] e = O O =
P U= = 000 0 O =~ N SN e O

L 7. .

PATH CURATION

YES
YES
YES
YES

VES

YES
YES
NO
NO
NO
NO
ND
NO
YES
YES
YES
NO
NO
YES
YES
NO
NO
NO
NO
ND
YES
¥ES

YES

NO
NO
NO
NG
NO
NO

—NT—

TOTAL VARIABLE COST
PLANNING AND SCHEDULING

EARLTEST EATES] EARLIES,T LATEST INLUEP ACTIVITY
START FINISH FINISH FLOAT COST
; 0. i T U. 600,
2 3. B 4 500.
T I r . N 1400.
2a e 5e 5. 0. 1400.
3; y i L P 773- r 6. 6- —-CT STl 450 -
2. 5. 8 ; 9 O. 2100.
.y T TR = 7 0. 15C.
2. 8. 9e 10. 0. 5000.
5 10. A R . 3750,
].. 15. 15- 16- Ol SOC.
. 3. e A T ¥ = 2250
gy 16. 42, 43, 0. 21500.
s 35. .4 43, 0. £000.
9 Ts 16 16. 0. 4000.
. y i T 16. 0. 4000.
16. 178 17. 0. 4000.
5 33 B 38, e B
5. 22- 22. 27. O. 1000.
10. i 7 T2k i 0. 3900.
10. 17 278 g 0. 7500.
5. 38. g 9 i &M s PR 75C.
15. 28 27, 43, s 3000.
5 3. 2E ar. 3 R b T
5. 23, 276 33, s 2000.
e A2 26 3T B s 1000.
10. 2T 378 % 0. 3900.
10. 27, Y ¢ 43 0. 1C000.
b 17 43, 43, 0. 290%. .
10 "33 37, 43, Ua 35600,
5. 38. 32. 43, 5 1500.
0. 6. I TR T ~ =0.
0. 38. Pl 38. 0. 0.
C. 20 27 i a. e ¢
0. iy 22. 21. g, Oa
S e T 27 : 3 £ € ¢ (UL § : =T U.




EDULE 6 PROJECT DURATION = 42. TCTAL VARIABLE COST = 1CC990.
EXAMPLE TC DEMONSTRATE A METHOD FOR CONSTR. PLANNING AND SCHEDULING

0T Qg . P R S EAELTEST LATEST ERRLIESE TATESIT TOUTAL FREE IRDEP  ACTIVITY

ER ACTIVITY NAME I % PATH CURATION START START FINESH FINISH FLOAT FLOAT FLOAT cosT
1BLDG EXCAVATION 1 Z YES b i Os . 0 e i e O 0. 0. Bl TR (0 ¢ I
2BLDG EXCAVATION 2 3 NES 2a [ l. Ha A 0. 0 G 500.
JFCRM POUR-STRIP FN 2 3 YES Za T A e T = s i PO 2] 1400
4FCRM POUR-STRIP FN 3 4 YES 2. 3 e 553 e 0. 0. 0 1400C.
58ACKFULL FCUNDT 3 5T OYES . 3me D T ae aae G ¥y 5 U s v s 450,
¢DUMMY ACTIVITY 4 6 YES e B S i Ao 0. 0. 5 2100.
T70UMMY ACTIVITY 5 & "NES e Gin . _— T e O 0. [ ISR 150 ¥
SERECT STEEL 6 T YES 2 i T Ols S O 0. s 5000,
GRAFTERS AND RF DCK 7 Al RES Ha .5 2 I T 0. 0a P : T £ &7 7
OPDUMMY ACTIVITY 8 9 NES 1. 14, 14. 55 15. 0. O 0. 500.
IRAFTERS—-ROCF DECK 8 10 NO : P TR ey uaWe e ST (¥ i 3 TR
2FAVC COMPL SYSTEM 9 61 YES 2ilia 15, 155 42, 42. 0. O. 0. 21500.
3SFINGLES-RCCF SUR 10 6l NO 8. Tl 34. i ORI 4T | i 1 45 O« 6000.
4UNDERSLAB CONDUIT é 11 NES 8. ' Tia T 158 15 41 0. 0. 4150.
SUNCERSLAB PLUMBING & 11 VYES 8s F T aTEE T O. i O. 410C.
6DUMMY ACTIVITY 11 12  ¥YES 1» 5, 155 168 165 0. 0. 0. 4000.
CERAVIC-QUARRY TIL bd. A% 0 W TrRLr o e iR S 215 3. A TR o T T §  Rnt L  Pr a
BINTERIOR PARTITICN 12 13 NO 5. 16 21 H - ¥ 5 0. 0 1000.
GINTERIOT PLUMBING 12 i6 YES 10. 16. 16. R SEL TR 0. O O. 3900.
UINTERIOR ELECTRIC 12 17 ¥ES 10. 16 16. 26. 26 0. 0 0. 7500.
ICERAMIC QUARRY TIL 14 61 NO bis . 3T« . 42, 16. 16. 0. 150,
PAINTING 13 61 ND 15 21, 2ia Bhie 42. 6o 6. e 3000.
IFINISH CARPENTRY 13 18 NO SN TSR 5 1 - e 26 36. 105000 28a S 1333, '
4SHEETROCK-TAPING 13 15 NO 5. 21. Vi PR 32. &' 0. 0. 2000.
SINTERIOR PARTITION 13 18 NO Bia 21 . 2. ¥ 268 SE, I e 10. b 1000.
INTERIOR PLUMBING lé 18 YES 19. 28 . 26 36. 36 O C. 0. 3900,
INTERIOR EQUIP CCT I 18 ¥ES 10% 2he 25k e 35, Os 0. e 1C000.
BFINISH CARPENTRY 18 61 YES be FE. 26 42, 42. g 0. 0 2907.
ACCUSTIC TILE - § B T SR BT T T 30 42, b B 0. 3600.
RESILIENT TILE 15 61 NO Sa 26 7 318 e il 11s Bl 1500
ICUMMY ACTIVITY 4 5 NO e Tl Ga T T R [ s | FR =0
DUMMY ACTIVITY 13 14 NO 0. 21. At. 218 2. 16. 0 04 0.
BOLMMY ACTIVITY 13 le NO O. 4 P B - I B B 0. " T
OUMMY ACTIVITY 13 17 NO 0. 2l 26, 218 25 o1 Gia 0. 0.
SCUMMY ACTIVITY R T . T A AR e 265 36, ik 1 5 10, 4. O




DULE

7 PROJECT DURATION =

41.

TCTAL VARIABLE COST

= 101311,
XAMPLE TO DEMONSTRATE A METHOD FOR CONSTR. PLANNING AND SCHEDULING

T TGNt eAE EARLTEST LATEST E&ARUIESH LATEST TOTAL FREE INDEP ACTIVITY

R ACTIVITY NAME 1 o PATH CURATION STARTY START FINISH FINISH FLOAT FLOAT FLOAT EOST
BLDG EXCAVATICN 1 & NES 7 il 3 e & s [ Ie O Bz = Dz @ L0
BLDG EXCAVATION 2 F O WES 25 1. 5. 3 3 0. 0= 0. 500.
FCRM POUR-STRIP FN 2 3 ¥ES 2ia 1= " e . O Da N 5 £ 01 PUS
FGRM POUR-STRIP FN 3 4 YES 45 3 3. 5 S5e 0 0. 0. 1400.
BFACKFULL FOUNDT B IR S e e T S [T 5. H]55 0. . 450 .
DUMMY ACTIVITY 4 6 YES e ] = o Te 0. 0 0. 2100.
CUMMY ACTIVITY 5 6 YES B 6. G TR ST 0 07 s 150.
ERECT STEEL 6 1 NES 2 s e 9. 9. 0, 0. 0. 5000.
RAFTERS AND RF DCK T 8 YES 5o T - o LT (¢ I 0. 2 P ISl
DUMMY ACTIVITY 8 9 YES s 14. 14%. 196 | 0. 0 0. 500.
RAFTERS-ROCF DECK g8 10 NO T, o, e Sie. IR < e e e L 8s 0 B o 228
FAVC COMPL SYSTEM 9 61 ¥ES 26. 154 15. 41. 41, 0. 0 O 21571 .
SHFINGLES-RCCF SuB 10 61 ND 8. o O A =i P ok T A1, @ 164 E(S ¢ “&6000.
UNDERSLAB CCNDUIT é B ES T i Tle 14. 14. C. # 0. 430C.
UNCERSLAB PLUMBING 6 Il YES i A = T 0% 14. 0. C. 4 4200.
CUMMY ACTIVITY 11 12 I yES 1a 14 . 14. 19 155 0. 5 0. 4000.
CERAMIC-QUARRY TIL T 14 1*3 2 SR =h o w0 Sk 205 I6, i T 2 N | e 1.+ ¢ i
INTERIOR PARTITION 12 12 NO 5 15 20. 20. 25 S 0. 0. 1000.
INTERIOT PLUMBING 12 16  YES 10. Yha 154 L 25, Ce [ 0 3900.
INTERTDR ELEETRIC 12 17 VYES 102 154 15. 25 Dy 0. 0. 0. 1500.
CERAMIC QUARRY TIL 14 &1 NO 5. 20 . 35, i 2 % 9% 167 0. T90s
PAINTING 13 61 NO 15. 205 26. 3?. 41. b G le 3000.
IFINISH CARPENTRY : 5 TRSHRR NO B 209 @ =Bh 2% 35, S E S 1333, 4
SHEETROCK—TAPING 134 15 NO i 20 . 26 2$. 5 [ 5 Ce 2000.
INTERIOR PARTITICN i 18 NO 5e 20, 3. - 25. S hs I 16, T 1000C.
INTERIOR PLUMBING 16 18 YES 10. 25 25. 395 B g 0. Ce. 3900.
INTERIOR EQUIP CCT 17 i8 YES 10. 25 2D = A6e Oe s O. 10000.
FINISH CARPENTRY 18 &1  NES 6. 354 35. 4] . 41. 0. O. Q. 2907.
ACOUS TR TIEE T Aan BET A .. e T S 41 . Ge QTR e Ce. 260C.
RESILIENT TILE 15 61 NO s 25 36, 30 41, 1. 11% 5 1500.
ICUNMY ACTIVITY 4 5 NO B B Ge TR T e o 14 75 e
CUMMY ACTIVITY 13 14 NO Da 20 36 20, 3. 16. 0. 0. 0.
DUMMY ACTIVITY 13 16 NO 0. 204 25 20 25 e 1R 67 PR o P
CUMMY ACTIVITY 13 17 NO 0 20U« e 20. 25 B 5. O« 0.
CUNMY ACTIVITY R i T T 355 29 35. I0. 10. 4. s




EDULE

T T
R ACTIVITY NAME
IBLDG EXCAVATION
?RLDG EXCAVATION
JFCRM POUR-STRIP FEN
LFCRM POUR-STRIP FN
SEACKFULL FOUNDT
6DUMMY ACTIVITY
TDUNMY ACTIVITY
BERECT STEEL
GRAFTERS ANC RF DCK
OCUMMY ACTIVITY
IRAFTCRS-ROCF DECK
JFAVC COMPL SYSTEW
ISEFINGLES-RCCF SUB
4UNDERSLAB CONDUIT
SUNDERSLAR PLUMEING
6DUMMY ACTIVITY
ICERAMIC=QUARRY TTIL
BINTERIOR PARTITION
GINTERIOT PLUMBING
OINTERIOR ELECTRIC
ICERAMIC QUARRY TIL
2PAINTING

IFINISH CARPENTRY
4SHEETROCK=TAPING
SINTERIOR PARTITION
(INTERIOR PLUMB ING
TINTERIOR EQUIP CCT
8FINISH CARPENTRY
9ACOUSTIC TILE
ORESILIENT TILE
IDUMMY ACTIVITY
2DUMMY ACTIVITY
IDUMMY ACTIVITY
4DUMMY ACTIVITY
S0UFMMY ACTIVITY

8 PROJECT DURATICN =
EXAMPLE TC DEMONSTRATE A METEOD FOR CCNSTR,

OO O 0 - DLW NN =

[

J

38.

TCTAL VARIABLE CCST =

= . CREVECAL

PATH
2 YES
3 YES
3 YES
4 YES

SO wER
& YES
& YES
1 YES
8 VYES
9 YES
10 NO
él YES
61 NO
il XES
11 YES
2 YES
14  NO
13 NO
16 YES
17  ¥YES
61 NO
61 NO
18 NO
15 NO
18 NC
18 YES
I8 YES
61 1TES

61 NO
61 NO
5 ND
14 NO
16 NO
17 NO

18 NO

10237¢.

PLANNING AND SCHEDULING 2 B F » i - AdEE o )
EARCTEST LATEST EARLIEST TCATEST TUOTAL FREE INCEP —ACTIVITY
CURATION START START FINISH FINISH FLOAT FLOAT FLOAT coST
r P U 0. e a I ;I o. U. 600.
2. B § . L A 3. 0. 0. o. 500.
e T 5. ® & 3. 0. 0. O 1500,
24 : P 3. 5 B s 1 0. 0. 1400.
L. et o LS T B | G G Us U= . @ s 400,
2= 5 5. y 8 Te 0 0. C. 2100.
Ye 5. 6. T = 7. i : i Us I50.
2. ;- r 1 9. 9. 0. 0. ' I 5000.
5e  F e B 14. Us 0. 0. 3750
3 14. 14. 195 15. Oe Q. 0, 500.
: PO 3 7 i, I8 e I3a ¢ PR+ ) |
Z3. 15, 15, 28, 38. O« 0. s P 21786.
8. 17 30. T 7E 35, 13. 13. 0. ~6000.
Tia F £ ; 14. 14, 5 P 0. Q. 4300.
T T P el B 14, 0. - 1 4200.
i 14. 14. 156 15. 0. 0. 0 4000.
“De . 15y 4 BT 13 0 0 sUs
5 15, 18. 2@s 23. 3 0. ¢ 1000.
10, 15. 5. 25 T 25 7 0. 0. 3590C.
10. 15, 15. 2% 25. 0. 0. 0. 7500.
5. 70 5 33. T 2h 38. 15, 13. O. 150
15. 20. 23. 35, 38. 3. . C. 3000.
Ss - - AUy o R s R 1333, i
5. 20. 23. 2% 28 Se s O. 2000.
5 20 « 27+ T 75 2% T 7s 4, 1000.
T 25. N 38 32. Oe 0. G. 4150,
; i 25. 25. 3%, 32. 0. U C. 1C600.
be 32. 3g. 33. 38. 0. D 0. 2907.
10. s T 35. ¢ . T TR ¢ TR (. 1 7
5 28/, 33, e] 38, 8. . 5. 1500.
0- S. 67. T 5_._ 77776. ' 10 I- 1- -0.
N. 20. 33, 20. 33, 13. 0. 0. 0.
De 20 25% s = 25. e 0 = 2 Sy
O. 20. 25, 2@ 25. 5. 5e 2. ¢
o Ba - 285 B2, TR g s 4, 0.




EDULE 9 PROJECT DURATICN = 38. TOTAL VARIABLE COST = 1C2376.
EXAMPLE TC CEMONSTRATE A METHOC FOR CCNSTR. PLANNING AND SCHEDULING

T P T R - v ~ EARLTEST TCATEST EARUIES LATEST TUTAL FREE INDEP  ACTIVITY ———
ER ACTIVITY NAME I 3 PATH CURATION START START FINISH FINISH FLOAT FLOAT FLOAT COST
1BLDG EXCAVATION 1 2 YES : i U . L 3 T . O, 0. Us 500.
?2BLDG EXCAVATION 2 3 YES i (98 : 3. 3. C. 0 0. 500.
3IFCRM POUR-STRIP FN 2 3 YES 2e 1e 1. Ak 3 EP 3 I 0. U. 140C.
4FCRM POUR-STRIP FN 3 4 YES 2 . 3. 54 54 6. 0. Qe 1400.
SBACKFULL FOURDT 3 5 YES©T . . 2. 3 3 8. TR S e N T T . T
6DUMMY ACTIVITY 4 6 YES - 5 5e . o 0. 0. 5 2 2100.
T0UMMY ACTIVITY 5 6 YES 6a £ A RS 0 0. 0. 150,
8ERECT STEEL 6 7 VYES e Ta . I 9. 0. O . 5000.
9RAFTERS ANC RF DCK 7 8 YES 5. 9. 9. B e 1A, 0. - B 5 [ 3750.
CCUMMY ACTIVITY 8 9 YES O 14+ 14. 15 15. 0. 0. Os 500.
IRAFTERS-ROCOF DECK g 10 NO e T 29 AR N, 17, ;o= Ua = 2250
2HAVC COMPL SYSTEM S 61 YES 23, 15, 18, 33, 38, 0. O G» 21786,
3ISFINGLES-ROCF SUB 10 61 NO 8. 1 0% 30 T 38. 13a 13. 6s 6000,
4UNDERSLAB CONDUIT 13 11 YES s g Ts 14. 14, s 0. g, 430Q0.
SUNDERSLAB PLUMBING 6 11 YES 745 Ty b - 14 14. U« 3 0. 4200C.
6CUMMY ACTIVITY 11 12 YES " e ™ 14. 15% 15. O 0. O's 4000.
TCERAMIC-QUARRY TIL L 14 NGO 5. B i 5T 28e 208 7. PO . (PRI ; N L T
§INTERIOR PARTITION 12 13 NO 5 s 15. 18, 20. 23. 3. 0. Oa 1000.
SINTERIOT PLUMBING 12 L& YES 10. 15 . 15. YR 75, D 0. 5 18 3500.
CINTERIDR ELECTRIC 12 1T  ¥YES 10. 15. e 25 25. De ;15 o [ 7500.
ICERAMIC QUARRY TIL 14 61 NO 5 20 + 33. 25, LT 13. 13, 0. 750.
2PAINTING 3 61 NO 15, ~ 20, 23. 35, 38. 3. 3. 0. 3000.
IFINISH CARPENTRY I3 18 NO 5. 28 @ 21«0 e 37. MY SRR RN TSN § - .
4SHEETROCK-TAPING 12 15 NO 5. 20. 234 28 28. 3. 1 2 0. 2000.
SINTERIOR PARTITION 12 18 NO 5. 20. 3 25 32, e Ts 4, 1000.
6INTERIOR PLUMBING 16 18 YES 1o 25, 254 32, 32. C. 0 & 4150,
TINTERIDR EQUIP CCT 5 18 YES T 25, 252 372, 32 B O e 1C600.
8FINISH CARPENTRY 18 61 YFS 6e 32. 32 & 38. 38. O 0. 5 2907.
9ACOUSTIC TILE i 5 T 61 NO - TEs 28 28, TR T = e Jeuls
ORESILIENT TILF 15 61 NO 5 25. 33. 30 38, 8. 8. 5 1500.
ICUMMY ACTIVITY 4 5 NO i 5. 6. T €. | : 772 =0.
DUMMY ACTIVITY 3 14 NO 0. 20. 33, 20. 33, 13. 0. O. G.
IDUMMY ACTIVITY 13 16 NO ' 20 25. . 208 25, 5 5. 2 0.
4DUMMY ACTIVITY 13 17 NC De. 20« 25. 208 25, 5. 5. - C.

S0UMMY ACTIVITY Sl A T RSy Be' | BopnL mw 25, e FHL TR T et T e e




FDULE 10 PROJECT DURATICN = 36. TOTAL VARIABLE COST = 103266,
EXAMPLE TC DEMONSTRATE A METHOD FOR CCNSTR., PLANNING AND SCHEDULING e 1 2
T =T - N P p “CRITICEL — ERRLIEST LATEST EARCEESI EATEST TUTAL EREF —INDEP ACTIVIIY ——
ER ACTIVITY NAME I J PATH DLRATICN START START FINISH FINISH FLOAT FLOAT FLOAT cOoST
IBLDG EXCAVATION 1 2 YES Is ;P 0. =& I " 1e O. s 0. 600.
?BLDG EXCAVATION 2 3 ¥YES 2. b 1. 3. 3. 0. 0. « 500.
3FCRM POUR=STRIP FN 2 3 YES - : 1 ol = T Us 0. + ] 1400.
B4FCRM POUR-STRI® EN 3 4 YES 24 3a 3. Fia 54 0. Ga 0. 140C.
SBACKFULL FOUNDT 3 5 YES S e T T 2 6 6. ey, e 450,
¢DLMMY ACTIVITY 4 6 YES 2 5. 5. & - 3 0. 0. (o I 2100.
TOUMMY ACTIVITY 5 & YES s 6. 6. 5 . T 0. 0. 0. 150,
B8ERECT STEEL & 7 YES 24 y N i 9. 9. 0. o 0. 5000.
JRAFTERS ANC RF DCK 7 € YES 5. . 5 T4s %, ) s 0. 3750,
ODUNMY ACTIVITY 8 9 YES | 1 l4. 15, 1% 15. 0. '« 1 C. 500.
IRAFTERS-ROCF DECK 8 10 NO 3. % 25. R 28. 1§ ¢ 0. i 75 1 PR
2HAVC COMPL SYSTEWM g 61 YES 21 15. 15. 36, 36. 0. 0. o 21929.
3ISHINGLES-RCCF SUB 10 61 NO 8. 5 28, R i 1 | § 0. 6000C.
4UNDERSLAB CCNDUIT € 11 YES : 0 7 145 14. 0. 0. 0. 4300C.
SUNDERSLAB PLUMBING 6 11 YES i Te T 14 14. i 5 U. Ue 4200.
6DUMMY ACTIVITY 11 12 YES ; 15, 14, 1% 15, 0. 0. o. 4000.
TCERAMIC-QUARRY TIL Iy 14 NO 5 I5- 26. S Y e 1T1. R < 7 Be = s
BINTERIOR PARTITICN 12 13 NG 5 15. 16. 20 23 0. 0. 1000.
9INTERIOT PLUMBING 12 16 YES 8. 15 15, Bk 23 0. 0. 0. 4150.
OINTERIOR ELECTRIC 12 17 YES B« 15, 15. 23. 23 O. 0. 0. gC0CC.
ICERAMIC GQUARRY TIL 14 61 NO 5e 20« 31, ? 3 36. ¥ia 9 0. 750.
2PAINTING 13 61 ND 15, 20. 21 35, 36. B 0. 3000C.
IFINISH CARPENTRY 13 18 NO e g i 25, 3 30. 5. L "R e v T
4LSHEETROCK-TAPING 12 15 NO 5. 20. - N 255 26, s 0. 2000.
S5INTERIOR PARTITICN 13 18 NO Be 20. 25. 29 30. . 5. 5s 1000.
6INTERIOR PLUMBING 1€ 18 VYES T 23. 23 30, 30. 0. 0. 0. 4150.
TINTERIOR EQUIP COT 17 18 YES s - i I 20, 3C. 0. 0. U. 1C600.
BFINISH CARPENTRY 18 61 YES be 30. 30. 36 36. B 0. 0. 25907.
9ACOUSTIC TILE 15 &1 NO e o 25 26  mea  35. R IR R )
ORESILIENT TILE 15 61 NO 5. 25. 31. 30. 36. 6 6 5 1500.
IDUMMY ACTIVITY 4 5 NO | 5. 6. e B T B ; : 1. -0,
2DUMMY ACTIVITY 13 14 NO 0. 20+ 1. 208 31« 11, 0. 0. .
IDUMMY ACTIVITY 12 16 NO O« 20. 23 P 23« 3. 3, e '+ I
4DUMMY ACTIVITY 12 17 NO s 20 « 23 20. 23. 3. 3. 2, '
5DUMMY ACTTVITY 15 18 NO Dla 25 | L300 23, 30. S e 4, U.




CHEDULE OF PRCJECT VARIABLES

CHEBULE DURATICN VARIABLE CCST OVERHEAD TOTAL PROJECT COST

5C. ICCT00. ICCTO. 1101CT.
46. 100340, 92¢0. 109540,

1
2
3 4€. 100340, 92C0. i 109540. 2 ¥ LI
4 45, 100440 . SQCO. 10944G.,
5 43. - 100TA0. - 86C0. By 10934C.
6 42, 10C990. 84C0. 10923¢.,
! 4]1. 101311. 82C0. 109511,
8 38. 102376. 16C0. 10957¢.
L i 8. 102376. -~ 1868. = 18857e; j e 3
10 36, 1C3269. 72C0. 110469,
|
- = Sl = = = ST = B | S S ol e TNy e —
|




R ACTIVITY NAME
IBLDG EXCAVATION
28LDG EXCAVATION
JFCRM POUR-STRIP FN
4FCRM POUR-STRIP FN
5BACKFULL FOUNDT
6PLACF-GRADE GRAVFL
BACKFILL FCUNDTN
RERECT STEEL
ORAFTERS AND RF DCK
0SET HVAC EQUIP
IRAFTERS-ROCF DECK
?FAVC COMPL SYSTENM
ISHINGLES-ROOF SUBR
LUNDERSLAR CCNDUIT
SUNDERSLAE PLUMBING
tPCUR SLAR
ICERAMIC-CUARRY TIL
INTERIOR PARTITICN
INTEFRIOT PLUMBING
INTERIOR ELECTRIC
ICERAMIC CUARRY TIL
PAINTING

IFINISH CARPENTRY
SHEETROCK-TAPING
INTERIOR PARTITICN
INTERIOR PLUMBING
INTERIOR EQUIP COT
FINISH CARPENTRY
ACQUSTIC TILE
RESILIENT TILE
DUMMY ACTIVITY
OUMMY ACTIVITY
DUMMY ACTIVITY
CUMMY ACTIVITY
DUMMY ACTIVITY

EXAMPLE TC DEMONSTRATE A METHOD FOR CONSTR,
LYSIS UTILTZING THE ACTIVITY PREFFRRED DURATICON AS A PARANETER IN SCHEDULTIRG = |

PLANNING AND SCHEDULING

JECT CURATITUN = 43 PRUJECT CIRECT COST = I100740. PRUJECT UVERHEAD = 86C0. PRUOJELT TOTAL TOST = 109340-.
CRITICAL EARLIEST CATEST EARLIEST LATEST TOTAL FREE INDEP ACTIVITY
I J PATH DURATION START START FINISH FINISH FLOAT FLOAT FLOAT COST
1 2 YES l. PR 0. = B 1. 0. i Q. - 600.
2 3 YES Pl i 1. 3. 3. O. C. O. 5000
A R e I T 3. e B raim i N ° 1H500.
3 4 YES 2e 3. 3. % 5. 0. 0. C. 1400.
3 5 ¥YES 3. . 3. F 6. 6. 0. 0. c. 450,
4 & YES 2 5. 5 7. T 0. O. ¢ 2100-
5 5 YES L. Ge b B 3 mE C. 0. C. 15C.
6 i NO 2. 7. 8. 9. 10. 1la 0. c. 5000.
7 8 NO 5. 9. 10. 14, IS5+ i TR T C. i 4.7
8 9 NO i. 14. 15, 15, 16. 1. 0. 0. 500.
g 10 NO 3. 14, 30. Y B 33 16. 0. C. 2250.
9 &1 NO 27 15, 16. 42 . 43. 1. 1. C. 2150C.
1C 61 NO 10. YA B3~ i 3 43, 16. 16. C. €00C.
6 11 ¥ES s s T 16, l16. 0. 0. c. 4000.
€ IT YES e Te i (I k8. O. 0. 0. T woun.
11 12 ¥YES l. 1é. 16. 17. 17. Q. 0. C. 4000.
12 L4 NO 10. Bt 28. 28 38. 11. 0. O 75C.
12 13 YES O 17 17. 23. 23 0. Q. 0. 100C.
12 16 YES 10. 17. i g 20 27, C. 0. 0. 2900C.
12 31 YES 10. 1T 17y 27, 27« O. c. 0. 750C.
14 61 NO 5 el IB. El 0 S YT § TR 5 PN | FOni T : PR
13 &l NES 20. 23 . 23. 43, 43, 0. 0. 0. 3000.
13 18 NO 8. e 20, 38 3T 6. 6. 6. 13335,
13 15 NO 5. ol i 26, 28 . 31l 3. 0. C. 2000.
13 18 NO 5. 23 32. 28. 37. 9. 9. 9. 120C.
16 18 YES 10. 27. 27 . 7. il 0. C. 0. 3900..
17 18 YES 0 EFe 1 2. I RN ST Bs | Ga . U. o onenT
18 61 VYES 6. 37. 37. 488 43. 0. 0. C. 2907.
15 61 NO 12. 28. 31. 4@ 43, 3. 3 0. 3600,
I5 61 NO 10. 28. 33, 38. 43. 5. 5 2. 1500.
4 5 NO Ol 5. 60 i 3 S_o "y 6- lc l- 1- "0- 3
13 14 NO 0. dn s 38. 23. 38. 15. 4, 4. C.
R ¢ R IR A e -« YW e 29 27. S TR b c.
13 17 NC 0. 23 4 20 235 27 4 s 4. 4 0.
15 18 NO 0. 28,  3T. S L 9. 9. 6. 0.
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1000

1463

1464
10

17

603

2300

301
202
200

801
803
100

101
201

33
2il

S0

CRITICAL PATH PROGRAM USING NEW FLOW ALGORITHM
SCHEDULTING ROUTINE INCLUDED

DIMENSION I1{1080)+J(1000)sTN(1000)sTCR{1000)sSLOPE(1000)
DIMENSTION FLUS(1000) ,FLOW(1000) sKFROM(1000)sBLET(1000)sCSTN(1000)
DIMENSION CSTCR(1000)+BIGG(1000)sACTI1000s54)
FORMAT(214)

READ 1000 4KMAXsLMAX

TFL=0s

JOAR=KMAX+1

BOC 1.0 K=1sKEMAX

FLUS(K)=U.
FORMAT(214+20Xe2F3e0s3X92F5,0s4A8)

READ 20009 I(K)sJ(K)sTN(K)+TCRIK)sCSTNA{K)sCSTCRIKY »
1(ACT(KeII)sIl=1s4)

IF{TNIK))1463514634+1464

SLOPE{K)=999999,99

GO o 10

SLOPE LR = (CSTCREK = e TN ERY VA CTN L E Y=TER K19
CONT INUE

DO 12 K=1sLMAX

BIGG(K)=04

FLOW({K)Y=0,

RLFT(K,:OQ

KEFROM (K )20

Jl=a

FLOW(1)=999999,99

DO 201 K=J1sKMAX

NI=TI(K)

NJd=J (K}

IEGELUS (K Y =SLOPE(K Y5466
FLUS(K)=999999,99
IF(FLUS(K)=999999,98)301 +4300,4+300
TEMP=TCR{K)

GO TO 202

TEMP=TN(K)

IF(BIGGINJ)I=(BIGGINI)+TEMP) 12004201201
BIGGINJ)=BIGGINI)+TEMP

KFROM(NJ) =K

QNT=SLOPE(K)=FLUS(K)

Jz=1

IF(FLOW(NT))1004+801,+801

IF(QNT)101+803,8013
IF(QNT=FLOWINI))100,1015101

FLOWINJ)=QNT

GO 200

FLOW(NJ)=FLOW(NT)

CONTINUE

DE- 30 k=2 KMAX

JOA=JOAB=K

NI=1(JQA)

NJ=J (IR

IF(NI—-1)33+30533

FREERLUSE @A) ) 31 30831

TEMP=RIGG (NJIY=TN{JQA)
IF{TEMP-BIGG(NI))30430s32

BIGG(NI)=TEMP

FLOWINI)=FLUS(JQA)

KFROM(NT)==UJQA

dZ=le



7000

8000

700
701
704
703
702

804
LS

4 0ks)
40'«0

802

407
403

401

406

6000

DO 600 K=1sKMAX
IF(T(K)=NT)600,6024+602
CONTINUE

J1=K

GO TO 603

CONTINUE

SCHEDULING ROUTINE
BLET(LMAX)=BIGG(LMAX)
PRINT 7000

FORMAT(80H ACTIVITY

A PR E PR TOTAL. )
PRINT 8000

FORMAT(80H

171 SH FINTSHSFEQAT FLOAT )
DO 702 K=1,KMAX
JQA=JQAB-K

NI=T(JQA)

NJ=J (JQA)
DUR=BIGG(NJ)=BIGG(NT)
IF(DUR-TN(JQA}Y)T701+7014+700
DUR=TN(JQA)
IF(BLET(NI))7C4,703,704
IF(BLET(NI)=(BLET(NJ)=DUR))T702+702+703
BLET(NI)=BLET(NJ)=-DUR
CONTINUE

DO 705 K=1s:KMAX

NI=I({K)

NJ=J (K}
DUR=BIGGI{NJ)-BIGGINT)
IF(DUR-TN(K))B813,813,804
DUR=TN(K)

FES=BTGG(NT)

FLS=BLET (NJ)=DUR
FEE=FESERLR

FLF=RLET(NJ)
FFF=BIGG(NJ)=FES5=DUR
FTE=FLE-FES~DIIR

EARLY

START

LATE

START

PRINT 4000s (ACT(KsII)sII=1s4)sNIsNJsFESsFLSsFEFsFLFsFFFoFTF

FORMAT (4A6s2]17+6FTe0)
FLTN=FLOW(LMAX)
IF(FLOW(LMAX)—999999 ,98) 80244
JAA=LMAX

TELSTE L+ELTHN

DO 406 K=1sKMAX

NJ=KFROM({ JQA)

Fisw=1

IF(NJ)I404 44045405
IF(FLUS(NJ)Y=9999994,98) 4024403403
Nd==NJ

FlsSW==1
FLUSINJ)Y=FLUSI{NJ)+FLTN*FISW
IFIFISWI40T7 403 4403

JOA=HN)

GO TO 406

IFCTINJ)Y=1)32234401

JE= N

CONTINUE

PRINT 6000

FORMAT(32H PROJECT DURATION PROJECT

CasT |

EAR

FIN



3000

4444

PRINT 3000+BIGG(LMAX)sTFL
FORMAT(2F2040)
GO TO 1

TFL=999699,4,99
PRINT 6000

PRINT 32000,BIGG(LMAX)aTFL
END
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INPUT DATA FOR SAMPLF PRORLFM

DATA

8o
G

Te
8
5
7o

[eA06 L e L JIS L B o  US JENS I LS e )
w
.

TO TFST PROGRAM

100
300 «
500
200
150,
100«
600
100

200

400

800
400 o
400
800,
300

ILLUSTRATION OF SAMPLE PROBLEM NETWORK

LINK
L INK
LINK
LINK
L INK
LINK
LINK
LINK

WITH NEW

I & Nimo e =

FLOW

ALGORT THM



OUTPUT FOR SAMPLE PROBLEM TO TEST PROGRAM WITH NEW
FRY POINTS TO SUBROUTINES REQUESTED FRCM LIBRARY,

i .SETUP (CSHM) (RTN) {SPHM) (FIL)
«65 MINUTES ELAPSED SINCE START OF JOB
| EXECUTICN
FIVITY EARLY LATE EARLY
I START START FINISH
K A 1 2 0. Oe 4,
Kk B 1 3 0. B 8.
fik C 2 3 4, 4, 13.
K D 2 4 4, 2. T=
HK E 3 5 13. 12, 20
WK F 4 6 T 3R 5.
WK G 4 5 s 15 12,
HK H 5 6 20. 20. .
DJECT DURATION PRUJECT COST
| 27« 100.
TIVITY EARLY LATE EARLY
I START START FINISH
NK A 1 2, 0. 0. . 8
NK B 1 3 O. 4, 8.
NK C 2 3 e 3.
NK D 2 4 3. 1 6
NK E 3 5 12, 124 19.
WNK F 4 6 6e l1€. 1%
NK G 4 5 6. 1% . 114
NK H 5 6 19. 15. 24.
[DJECT DURATION PROJECT COST
! 24 . 150-
TIVITY EARLY LATE  EARLY
I START START FINISH
INK A 1 2 0. O, 3.
INK B 1 3 i v i 8.
INK C 2 3 3. 3. 104
?K D 2 4 3. 9. 6.
INK E 3 5 10. 1C. &
INK F 4 6 6. 14. 1%.
INK G ‘ 5 6. 12. 11.
INK H 5 6 by i 2
IDJECT DURATION PRCJECT COST
gTIVITY EARLY LATE EARLY
1 START START FINISH
INK A 1 2 0. 0% 3.
NK B 1 3 : e 8.
NK C 2 3 Be 3. 10.
NK D 2 4 3. 8. be
NK E 3 5 10. 10. 16.
NK F 4 6 Be 13. 1%
NK G 4 5 6. : ) 11«
INK H 5 6 l6. 16. 21
R0JECT DURATICN PROJECT COST
Y. 1000000 .
I0 CKECK LIGHT ON FROM LAST WRITE.

FLOW ALGORITHM

LATE FREE
FINISH FLOAT
4. C.
13. 5.
13. Ce.
15. C.
20. 0.
27. 12.
20. 8.
20 0.
LATE FREE
FINISH FLOAT
3. C.
12. q'
12. Ce
14, C.
15. c.
24 1C.
159. 8.
2h. C.
LATE FREE
FINISH FLOAT
3. C.
1C. 2.
10. C.
12- G.
Lills 0.
22. 8.
17. 6.
22 C.
LATE FREE
FINISH FLOAT
51 C.
1C. Ze
1C. C.
11. C.
16' O.
21. 1.
1€. 5.
21. C.

TCTAL
FLOAT

CQ

5.

-‘.;-

8.

C.

|

8.

C.

TGTAL
FLOAT

[i-

TGTAL
FLOAT
2'
5.
Ce
54
Coe



H
e
g

A e

| ,{ i

Ay {9
§ fl“_',".l\

RL L




29
43

31

33
32
36

55
Bl
50

61
62
&0

65

30
70

!
T2

75

76
i

74
100

47
45

114

NEW FLOW ALGORITHM TO REPLACE OPERATIONS
PREPARED FOR DIRECT SUBSITUTION INTO THE

DO 43 K=1sLMAX
BIGG(K)=0.

FLOW(K)=0,
KFROM(K)=0a
J1l=1

FLOW(1)=30000.+0

DO 30 K=J1sKMAX

NI=T1(K)

Nad=di(KY
TEIEFLUSTKI=SL0OPEUK Y Y52 »33n 23
FLUS(K)=3000040
IF(FLUS(K)Y=30000s0)325+36936
TEMP=TCR (K)

GE O o

TEMP=TNI(K)
IF(BIGGI(NJ)=(BIGG(NI)+TEMP))504+30+30
BIGG(NJ)=BIGG(NI)+TEMP
KFROM(NJ) =K
QANT=SLOPE(K)Y~FLUS(K)

Jz2=1

IF(FLOW(NTI))60+6161
LECANIN 65562 s 672
IF(QNT-FLOWINI))60+:65965
FLOW(NJ)Y=QNT
GO TO 30
FLOWINJ)Y=FLOW(NTI)
CONT I NUE
DO 74 K=J2KMAX
JOA=JQAB-K
NI=T ( JQA)
NJ=J(JQA)

TEGN T =L s 4 ey ]
IF(FLUS(JOA)Y Y T2 7472
TEMP=BIGGINJ)=TN(JQA)
IEtTEMP=BIGG(NI ) ) 74 sT4s75
BIGG(NI)=TEMP
FLOWINI)Y=FLUS(JQA)
KFROM(INI)=—JQA

JZ2=K

DO 76 K=1 KMAX
IF(I(K)Y=NI)T6+T7T777
CONTINUE

g -=lc

GO T 3
CONTINUF

FLTN=FLOW(LMAX)

JOA=LMAX

TEE=TREEELETN

D120 K=1 oKMAX
NJ=KFROM( JQA)

FIsW=1

IF(NJ)45645:47
IF(FLUSINJ)=30000s0)1144116+116
NJ==N.J

FISW=-=1
FLUS(NJ)I=FLUS({NJ)+FLTN*FISW
FEGERISWI 13 7 116 s 116

8s 9s AND 10 OF
MAIN PROGRAM

CPS 300



R

116
128
120
126

JOA=J(NJ)

GO TO 120
IE(TINJ)—1312691264128
JOA=T(NJ)

CONTINUE
PRDR(JJ)=BIGG(LMAX)



