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ABSTRACT

This paper presents an automated method of scheduling work in an
engineering organization. The method utilizes a set of heuristic pro=-
cedures which schedule resources (men) for various activities on a
weekly basis. A critical path is initially calculated to determine
the total slack for each activity. Activities are sorted according to
total slack. Critical activities are examined first. These activities
are scheduled at a resource level which will meet the required comple-
tion dates if posSiblé. Then, noncritical activities are scheduled
with normal resources if available. If previously defined minimum
resources are not available for certain activities, their scheduling
is postponed. After attempting to schedule all activities that may be
started, surplus resources are added to appropriate scheduled activi-
ties. Various routines assign several different skills to one activity,
require that certain activities be accomplished concurrently, and pro-

vide for utilization of secondary skills.
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INTRODUCTION

Efficient planning and control of work in large engineering organi-
zations is complex and difficult. A good work schedule is essential if

deadlines are to be met.

Some of the distinguishing factors of an engineering organization
are:

1. An essentially stable work force, consisting primarily of
professional employees

2. Fluctuations in work loads which at times lead to activities
Being constrained by limited resources (men)

3. Activities which require several different skills

4, Utilization of more than one skill by many employees

5. The need for some activities to be accomplished concurrently
at equal resource levels

6. A requirement for the work schedule to project scheduling
information several months into the future

7. Activities of long duration which may be measured in weeks

8. The requirement for coordination by many segments of the

organization on certain activities

Oftentimes, scheduling is primarily accomplished by middle managers
who use different techniques that vary greatly in quality. These man-
agers are in a position to observe only a portion of the organizational
scheduling problem. Top management, being in a position to observe the

overall scheduling problem, does not have the time to be concerned with
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all of the details required to prepare the best schedule. A computer-
assisted approach appears to provide the best method of counteracting

this weakness.

Efforts toward using the computer to assist in controlling work
were instituted in certain organizations in the late 1950's. Two net-
work methods which have received wide-spread acceptance are PERT
(Program Evaluation Review Task) and CPM (Critical Path Method). PERT
(1) was originally developed as a management control technique for use
on the Fleet Ballistic Missile (Polaris) Program. CPM (2) was developed
by E. I. Dupont de Nemours Company and has since received wide-spread
usage in the construction industry. PERT and CPM are similar methods,
the major difference being in formulation of time estimates for activ-
ity durations. PERT uses a three-point probabilistic time estimate,
whereas CPM uses a single deterministic estimate. The original models
are based on the assumption that unlimited resources are available.
Various smoothing techniques have been used with PERT in an attempt to

level the resources over the given project duration.

Some of the advantages which may be obtained in using PERT or CPM
are:
1. A better definition of a work program and objectives
2. A-division of the program into its component parts, illustrating
the various activity interactions, yet maintaining a systems
view of the program

3. Better discipline in planning and control
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4. An orderly method of monitoring and reporting progress of the
program

5. A capability of readily identifying critical elements in the
program so that quick action may be taken

6. An illustration of the effect of technical and procedural
changes in the program

7. Improved cost and schedule predictions

8. An overall view of allocation of resources

Basic PERT and CPM have not been generally acceptable for programs
having numerous resource constraints. Other methods of solving the
basic scheduling problem have been attempted where resources are limited.
Several authors have reviewed numerous proposed solutions (3, 4). Opti-
mization has been the goal of many at these attempts. Linear programing
models have been developed. When small numbers of resources are utilized
by activities it is desirable to use an integer programing solution.
Bounded enumeration and implicit enumeration approaches have also been
tried. None of the above methods have proven satisfactory on projects
'having a large number of activities because of excessive computer rumn
time, large storage requirements, nonavailability of suitable integer

programing codes, or lack of flexibility.

A model to schedule work in an engineering organization based on
heuristic procedures is described in this thesis. A heuristic is con-
sldered as a decision rule which might be used by an organization in its

day-to-day operation. It may not lead to an optimal schedule but will
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aid in creating a good schedule. Others have developed models which use
heuristic procedures (3, 4). Many of the scheduling programs offered by
computer vendors are probably based on a heuristic approach. One non-
proprietary program is SPAR-1 described by Jercme Weist (5). This pro-
gram has been used successfully on certain projects, in particular those

involving skilled labor.

A heuristic approach allows an approximation of the better organi-
zational procedures, while eliminating the poorer ones. Thus, implemen-
tation of a scheduling system is simplified. Modifying some procedures
while emphasing the existing good ones, allows for a smooth transition

from the present system to a new one.

The method which is presented in this thesis schedules work at one~
-week periods, first using a critical path program to determine the total
slack of each activity with unlimited resources. Next, a set of heuris-
tics are employed to allocate resources within the prescribed limits

according to priorities acceptable to an engineering organization.



T-1622

Activity

Concurrent activities——-

Multiskill activities——-

Job network

Multijob network-——=—w--

Master network———=e=eecee-

Resource

L ]

Resource level-—-—

Skill group
Crew:

Activity team———————e

"DEFINITIONS
Smallest division of work (block on network
diagram).
Activities which must begin and end on the
same dates and must be accomplished at the
same resource levels.
Activities requiring more than one skill.
Resources representing the various skills
must be applied at the same level.
Collection of activities represented by low-
est level network.
Network representing a job.
Any network representing a collection of job
networks (two or more).
Collection of all current job networks.
Man possessing a certain skill.
The percentage of normal crew size at which
resources are assigned to an activity.
A group of men (one or more) possessing a
given skill.
The men (one or more) assigned to an activity
utilizing a given skill.
Collection of crews (one or more) required to

complete an activity.
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Minimum crew size-: Crew size based on assignment of the

lowest feasible level of resources
to an activity which will accomplish
orderly progress toward completion.

Normal crew size Crew size based on a level of

resources which would normally be
assigned if resources were plenti-
ful and the completion date was not

constraining.

Maximum crew size ~ Crew size based on the highest level

of resources which can be assigned
to an activity without a significant

reduction of efficiency.

‘Critical crew size Crew size required to complete a

critical activity on its due date.

Primary skill The skill which a man utilizes in the

majority of assignments.

Secondary skill A skill that may be utilized if men

having that skill as a primary skill

are not available.

‘Scheduling period Division of time between scheduling

changes (e.g., 1 week).

Scheduling interval Total length of time over which

scheduling is accomplished.
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Early start time

Late start time

Critical path

Total slack:

The earliest time at which an activ-
ity may begin if the preceding activ-
ities are started as early as possible.
The latest time at which an activity
may begin without delaying completion
of the job.

Path through a network, from beginning
to terminal node, for which the sum

of the activity durations is greater
than or equal to that for any other
paths (longest path).

Number of periods an activity may be
delayed without affecting any activ-
ity on the critical path. The total
slack for an activity is equal to its
late start time minus its early start
time. These times are based on remain-
ing duration for activities which have

been active.

ARTHUR Lagye
®9LORA DG SCHOOL Oinmgvm
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"METHOD

Introduction

The underlying philosophy in development of the scheduling method
was that the system should help line managers schedule their work,
without concentrating on all of the minute details involved. To be
useful, it is necessary to give information to a manager that shows the
relationship between his work and that of other managers who are work-
ing on the same job in order that the affect of his actions on others
may be foreseen. The scheduling period was chosen as one week, in
order to allow flexibility for the managers to schedule the details
within the period. The scheduling interval will probably span several
months or perhaps years. The schedule most likely will be calculated

over a shorter interval, and will be updated frequently.

The procedure which was developed consists of two parts: (1) Cal-
culating the total slack of each activity using a critical path program,
and (2) Applying the scheduling heuristics with a scheduling program.

Figure 1 gives a diagram of the procedure.

Critical Path Program

The critical path program calculates the total slack for each
activity. The standard forward pass-backward pass algorithm is used to
determine early start and late start times. The total slack for an
activity is equal to the late start time minus the early start time.
The information required for these calculations includes activity pre-

cedent relations, activity durations, and the jobs to which the
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COMMAND PROGCRAM: SPREAD

START

f

BEGIN
CRITICAL PATH
PROGRAM

“CRITICAL
PATH RUN
ONLY ?

BEGIN
SCHEDULING
PROGRAM

LAST
PERIOD
?

Figure 1
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activities belong. The information is received in order of decreasing
job priority. Since total slack is the only item of interest, the cal-
culation of other values common for a typical CPM program are not made.
The general procedure for accomplishing these calculations has been

wvell documented by many authors (6).

‘Scheduling Program

The scheduling program uses the output from the critical path pro-
gram and additional data pertaining to resource availability, required
skills, required resource levels, and concurrent activities. The pro-
gram allocates the available resources for a given period according to
a set of heuristic procedures simulating an orderly processing of work.

These procedures are described later.

Resource Routines: Two basic routines are used for scheduling and

adding resources. The first (LISTM) is a routine for scheduling minimum
size crews. Figure 2 shows a flow chart of the routine. Activities

are initially scheduled at minimum crew size and augmented later. The
second routine (LISTAD) increases crew sizes above that which has already
been scheduled by LISTM. LISTAD is used, in different instances, to
increase crew sizes from minimum to normal, from minimum to critical,
from existing to maximum or any portion of the foregoing, depending on
avail;bility of resources. Figure 3 shows the flow chart of LISTAD.

The routines schedule resources for each multiskill activity and for
concurrent activities at equal levels in order that progress toward com—

pletion may progress at a uniform rate.
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A

LISTM

ROUTINE FOR SCHEDULING MINIMUM CREWS

o

SELECT
APPROPRIATE
ACTIVITY
FROM_LIST

IS
MIN. CREW

AVAILABLE USING
PRIMARY SKILL
RESQURCES

ASSIGN MIN.
CREW FROM
PRIMARY SXILL
RESOURCES

ONLY ?

ARE
SECONDARY SKILLS

NO

ALLOWED ?

I8
MIN. CREW

AVAILABLE AFTER NO

ADDING SECONDARY

?

POST RESULTS
IN TEMPORARY
TABLE

DOES
ACTIVITY REQUIRE
ANOTHER SKILL
?

is
THERE
AKOTHER CONCURRENT
ACTIVITY
?

POST RESULTS

BY UPDATING

APPROPRIATE
ARRAYS

KILL RESOURCE

ASSIGN ZERO
RESOURCES
TO ACTIVITY

ASSIGN AVAILABLE PRIMARY SKILL
RESQURCES AND SUPPLEMENT WITH
SECONDARY SXILL RESOURCES

Figure 2

RETURN

ES LiBRg
Tx) D SC CM?RY
OC&Cw
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LISTAD
‘ROUTINE FOR INCREASING CREW SIZES

ENTER

0 POST i OF A CREW
S1ZE AVAILABLE
IN TEMPORARY

SELECT TABLE
APPROPRIATE
ACTIVITY
FROM. LIST
1S
THERE ANOTHER
SKILL ?
CALCULATE
CREW SIZE
INCREMENT s

THERE ANOTHER
CONCURRENT
ACTIVITY ?

1s
A cRew SIZE
AVAILABLE USING
PRIMARY SKILL
RESOURCES ?

ADJUST RESOURCE
ASSIGNMENT TO MIN.
% LEVEL FOR ALL

CONCURRENT ACTIVITIES

A

POST RESULTS BY
UPDATING APPROPRIATE
ARRAYS

SECONDARY SKILL
RESOURCES AVAILABLE

y

ASSIGN % OF A CREW ASSIGN % OF A CREW SIZE AVAILABLE RETURN
SIZE AVAILABLE FROM PRIMARY SXiLL RESOURCES SUP- ;
FROM PRIMARY SKILL PLEMENTED WITH SECONDARY SKILL
RESOURCES RESOURCES

| !

Figure 3
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Priority Classification: Activities are segregated into four

classes: (1) Critical-active, (2) Critical-nonactive, (3) Noncritical-
active, and (4) Noncritical-nonactive. An activity is classified crit-
ical 1if its total slack is less than or equal to some predetermined
value (possibly 0). This value may be selected by top management to
produce a schedule that will best meet organizational needs. An activ-
ity is active if it was scheduled during the last time period. The
four classes of activities are treated differently by the scheduling

heuristics.

Scheduling Heuristics: The first class of activities, in order of

increasing total slack, to be considered by the scheduling program are
the critical-active ones. These activities are scheduled at minimum
crew size. Secondary skills are utilized if resources possessing
equivalent primary skills are not available. Secondary skills are not
utilized if they are not possessed by resources or not allowed by man-
agement. The critical-nonactive activities are considered next. These
activities are scheduled at minimum crew size if resources are avail-
able; otherwise, they are not scheduled. Again, secondary skills may
be used, At this point, the activities which have been scheduled are
merged into one critical-active list and sorted first according to total
slack and second according to job priority. Subject to availability,
resources are now added to the scheduled activities up to critical crew

size, using secondary skills if necessary.
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Attention 1s turned next to the noncritical activities in order of
increasing total slack. The active-noncritical activities are scheduled
at minimum crew size, using secondary skills if required. Hereafter,
secondary skills are not considered. The active-noncritical activities
are scheduled up to normal crew size, if possible. Next, scheduling
nonactive-noncritical activities at minimum crew size is attempted. The
crew size for these activities are increased up to normal crew size if
resources are available. Then, scheduled noncritical activities are
merged into one active-noncritical list and sorted first according to

-total slack and second according to job priority.

All possible activities have now been scheduled. The critical
activities have been scheduled at critical crew size, and the nonerit-
ical activities have been scheduled at normal crew size if sufficient
resources were available. If minimum resources were not available for

an activity, it has not been scheduled for the present time period.

Although resources possessing certain skills may be scarce at a
given time, resources possessing other skills may be plentiful. Thus,
it is likely that all resources have not been assigned. If this is
true, the surplus resources may be added to the scheduled activities.
First, the remaining resources are assigned to critical activities, if
possible, in order to increase the resource level up to maximum crew
size. Then, if resources remain available, they are assigned to non-

critical activities to increase their resource level up to maximum crew
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size. The activity priorities for assigning surplus resources remain

unchanged from those previously established.

All resources which may be used have been assigned. The schedule
has been completed for the present time period. The next step is to
return to the critical path program and repeat the above sequence of

calculations for the following time period.



T-1622 16

Fé
40y kg
O S
COMPUTER PROGRAM INFORMATION OO[OL Op Ag,
' &4q9 Nzg

General Layout

The computer programs were written for Computer Sciences Corpora-
tion INFONET system. This system enabled the total program package to
be separated into two complete programs without an appreciable increase
in computer-run time. The two programs, the critical path program
(CPATH) and the scheduling program (SCHEDL) may be loaded one at a time
as each is used, thereby greatly increasing the potential network size
without resorting to the usual overlaying procedures. Command strings
‘of coding (SPREAD) load and initiate execution of the programs in proper
sequence. Either time sharing or batch modes may be used. More detail

may be found in the Appendix.

Calculations

Integer arithmetic is used almost exclusively by the programs.
Thus, roundoff of quantities occurs at each period. It was believed
that this would not significantly affect the results and would be con-

sistent with the reliability of the input data.

Input/Output

It is assumed that other programs will be developed to prepare
input and generate output. These programs should be especially written
to satisfy the organizational requirements and utilize the data process-
ing equipment that is available. For example, the input system might

consist of a program that uses card input to prepare files containing
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the bulk of the scheduling information which in turn could be stored by
a data base management system. Other programs using time sharing termi-
nals could update specific information pertaining to local organizational
levels and also initiate the scheduling run. The input system could also
utilize an electromagnetic plotter to draw precedence diagrams. A CRT
(cathode ray tube) terminal could be used for viewing portions of the
precedence diagrams for correctness and initiating changes in an inter-

active mode.

The output system could use the files generated by the scheduling
and critical path programs to prepare reports and charts to satisfy the
requirements at various organizational levels. An electromagnetic
plotter or CRT printer equipment would be useful for output in addition

to computer printer listings.
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SAMPLE PROBLEM

Description

This sample problem is based on 2 jobs, each having 8 activities.
Figure 4 presents the precedence diagrams of the 2 jobs. Three of the
activities have 0 duration. This feature was included so that the
precedence diagrams could always start and finish with one activity
if desired. Activity durations are based on the use of normal resources,
without any constraints due to competing activities. The first job is
due in 14 periods, and the second job is due in 12 periods. There are
5 activities, one group of 3 and another group of 2, which must be per-

formed concurrently.

Table 1 gives resource information for the various activities.
Activities 2 and 6 in Job 2 require multiskills. Skill Group 1 possesses
a secondary Skill 6. The variations among maximum, normal, and minimum
crew sizes are small, and have little affect on activity durations under

the resource constraints imposed on competing activities.

The resource availability for each skill group, over the scheduling
interval, is shown in Table 2. It is necessary to prepare this table
for the total number of periods in the interval if a complete schedule
is desired. The interval consists of 17 periods. In an actual applica-
tion of the program, the scheduling interval would probably be much

shorter than the job durations.



T-1622

Figure 4. Precedence Diagram

JOB 1: DUE DATE = 14
Act. No. = 2 Act. No. = 4 Act. No. = 6
Duration = 4 Duration = 1 |Duration = 4
Act. No. =1 Act. No. = 8
Duration = O Duration = 0
Act. No. = 3 Act. No. = 5| _|Act. No. = 7
Duration = 2! ~ |Duration = 5 Duration = 1
JOB 2: DUE DATE = 12
Act. No. = 2} _lAct. No. = 5
-1Duration = 5 Duration = 1
:Concurrent|
(Activities,

Act. No. =1 Act. No. = 3| fAct. No. = 6 Act. No. = 8
Duration = 1] 7} Duration = 5] “}|Duration = 6 Duration = 0
IConcurrent: \Concurrent]

(Activities Activities)

Act. No. = 4] _lAct. No. =7
Duration = 5 Duration = 6
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Primary Secondary Max. Normal Min.
Job Activity Skills 4 Skills Crew Crew Crew

i 1 N - - - -

2 1 6 8 6 4

3 2 - 6 4 3

4 6 - 5 3 2

5 3 - 6 4 2

6 4 - 3 2 2

7 5 - 10 7 5

8 - - - - -
2 1 2 - 10 8 5

2 3, 1 -, 6 4, 2 4, 2 3,1

3 4 - 4 3 2

4 5 - 4 2 2

5 6 - 9 6 4

6 1, 3, 5 6, -, - 10, 6, 9 7, 4, 6 | 4, 2, 3

7 2 - 6 4 4

8 - - - - -

Table 1. Activity Resource Information
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15 7

11 12 . 13
9

No. of Men Available for
Following Period

1
A

No. of Men Assigned for

Following Period

11 12 13 14 15 16 17

10

1

Skill
Group
No.

Skill
Group
No.

~oN NS

Table 2. Resource Tables
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‘Solution

The resource assignments for each skill group over the scheduling
interval are indicated in Table 2. It may be noted that resources were
abundant during certain periods, and that the resource availability is

not realistic for an actual scheduling problem.

Table 3 shows the slack in each activity over the scheduling inter-
val. Job 1 has been extended 3 periods past its due date and Job 2 has
been extended 4 periods past its due date. Activities 5, 6, 7, and 8 of
Job 1 have negative slack. Activities 6, 7, and 8 of Job 2 have nega-
tive slack. The negative slack in both activities numbered 8 is unim-
portant, since these activities are artificial and have 0 duration. The
column corresponding to Period 1 shows that a run, based on the critical
path method only, indicates minimums of 1 period of slack in Job 1 and
0 periods of slack in Job 2. The critical path may be identified by

the 0 values.

The activity schedule in Figure 5 shows the relationship of the
piogress toward completion of the various activities. The concurrent
activities in Job 2 are easily identified, since they are active during
the same periods. Job 1 was delayed 3 periods, and Job 2 was delayed
4 periods in meeting.the due dates. The activities which were competing
for :eséutces and thus delayed because of lower priorities may be iden-
tified by comparing Figure 5 with Figure 6, which presents an activity

schedule that is based on availability of normal resources.
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Other reports and charts, that illustrate the computer output
information in different relationships and detail, should be made avail-
able to satisfy a particular organization's needs. A report giving more
detailed information on activities competing for particular resources or

a report showing activity completion percentages are examples.

It is apparent that only a few skills at certain times were required
by more than one activity in quantities of such magnitude that all of the
competing activities could not be scheduled. Several approaches might be
taken by an organization to relieve this situation. Hiring new men,
training employees in secondary skills, transferring employees perma-
nently from one skill group to another, or working overtime are possible
remedies. If there are no remedies available, realistic job completion
dates will be known in advance, which may tend to alleviate a crisis at
a later date. It will also be known that work may proceed in an

efficient-orderly manner.
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CONCLUSIONS
A heuristic method of scheduling work in an engineering organiza-
tion has been presented. Computer programs have been developed to
apply the method to practical situations. Scheduling in real organiza-
tions has not been attempted at this time; however, a sample problem

has been included.

The programs were written with a particular organization in mind.
Implementation in any organization might suggest modifications in the
heuristics to best serve the organization's needs. The scheduling pro-
gram was structured to facilitate modifications regarding treatment of
priority classifications and use of secondary skills. Other modifica-
tions which might be considered are: (1) Weighing rather than ranking
in establishing job priority, (2) Imposing limits on the number and
‘length of activity schedule interruptions, (3) Accounting for the effect
of holidays on the work schedule, (4) Executing the critical path pro-
gram at intervals greater than one period, should the computer time
become excessive, and (5) Sorting on late finish or early start times

rather than total slack.

Serious thought should be given to the implementation of any
scheduling program in an engineeriﬁg organization. Cooperation and
understanding at all levels in the managerial hierarchy is essential.
The line supervisor is particularly important. Without tactful

enlistment of his support, inaccurate input data for the scheduling
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system may be a consequence. The scheduling system should be proposed
as an aid to heip each manager schedule the work of his subordinates,
and not as an automated system that will direct him "how to run his
shop.”" The success of the system will depend on an intensive training
program and a smooth transition from present methods to automated

scheduling.
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APPENDIX

The appendix contains details directly related to the computer

programs. The following topics are included:

1. General Information

2. Program Layout

3. Data File Descriptions

4. List of Routines

5. Subroutine Calling Sequence

6. Selected Variable Meanings

7. Arrays Used for Scheduling

8. Steps in Program SCHEDL

9. Listing of SPREAD

10. Listing of CPATH

11. Listing of SCHEDL

12. Sample Listing of Input Data Files
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General Information

1, Three activity numberihg systems are used by the program. The
first system is used bv CPATH and is required for DAT15 data. The
activities of each job are numbered consecutively beginning with

the number 1, and are called "job identification numbers." The

second system is used by SCHEDL and is required for DAT9 and DAT10 data.
All of the activities of the master network are numbered consecuti-
vely beginning with the number 1 and in order of the priority of

the jobs ccmprising the metwork. These numbers are called '"Master

network identification numbers."

The numbers in the third system are called 'serial numbers." Serial
numbers are aseigned each period by the scheduling routine for
schedulable activities., They appear in the output of the scheduling

lists.

2. Each group of concurrent activities must be numbered consecutively.

3. Within each group of concurrent activities resources may not be
assigned from any given si:ill group to more than one activity. Also,
the use of secondary skills 1s not allowed if the corresponding

primary skills are required.
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Procram Lavout

The schaduling program, SPREAD, conuists of two command program strings;
a critical path routine, named CPATH; and a scheduling routine, named
SCHEDL. The command program strings are presently located on files
SPREAD and .SP2. The critical path reutine is on {iles CPATH, PODYN1,

and INITJB. The scheduling routine is on files SCHEDL, SUBl, SUB2, SUB3,
and  SuRl. Both CPATH and SCHEDL are complete programs in the sense
that they are loaded and executed jndividually one at a time. CALL OBEY
statements in each program initiates the loading of the other program.
The two command strings contain control statements required to initiate
and terminate the execution of the program. The command strings will need
to be revised for adaption to the total scheduling system when it becomes
operational. If only the critical path rcutine is run (NPER = 0), the

program is terminated through a CALL OREY statement in CPATH.

It is assumed that the relocatable versions of the files will be saved
and the executable versions will be drepped. CPATH-XQT is dropped by
the program if scheduling is accomplished, however SCHEDL-XQT is not
dropped and must be done externally. 1If only the critical path routine

is run, CPATH-XQT wmust be dronped externally.

‘DAT23 and DAT24 were used to restore DAT13 and DAT14 with the original

data (See S¥2). This feature should cventually be removed.
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Data Files

DATS8, DAT9, DAT10, DAT11l, DAT13, DAT14, and DAT1S are input files.

DAT8 -

DAT9 -

DAT10 -

Activity information for master network according to ascending
order of identification numbers which are assigned by the program.
A record consists of the followirg: ACTIV(I,2), ACTIV(I,3),

ACTIV(I,4), ACTIV(I,S5), ACTIV(1,6), ACTIV(I,13).

Multiskill information for master network according to ascending
order of identification numbers. A record consists of the

following: ACTIVITY ID,MSKILL(I,1), MSKILL(I,2).

Concurrent activity information for master network according to
ascending order of identification numbers. The smallest number
of the group appears as the first item of the two item record.
An example follows:

5,6

5,7

5,8

21,22

21,23

DATI1 - Skill group information. There is one item ver record. The file

consists of RPIMJL(I,2) items followed by RPPPL(I,1) items for

successive scheduling periods.
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DAT13 - Generzal information. The file consists of one 7-item record as
follows:
(1) Scheduling interval
(2) Number of skill groupS
(3) Number of records on DATI1

(4) Critical slack value

(5) o
(6) O
(7) O

DAT14 -~ Network description informatfion for critical path program accord-
ing to ascending order of job identification numbers. Each 3-item
record consists of the following:

(1) Number of precedent activities
(2) location of first precedent activity in PRE2(I) (See DAT1S5)

(3) Duration of activity.

DAT15 ~ Ketwork description informaticn. The file consists of one item
per record. An example for cne job follows. Similar information
(except for Item 1) for other jobs would directly follow according

to job priority.
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Record 1 - Number of jobs
(,~2 - Number of activities in JOBL
3 - Job due date (Number of periods from beginning)
4 - DPRE2(1) A
Repeated for List of precceding activities

5 - PRE2(2)

each job by identification number.

Y

Numbering begins with 1 for

each job.

Files DAT7, 12 and 16 are crezted by the programs exclusively for transfer

of data between CPATH and SCHEDL.

DAT7 - Critical path program information. A record consists of the
following for a given activity:
(1) Slack
(2) Early start
(3) Number of periods remaining for completion.
12 - Activity iInformation. A record consists of the following:
ACTIV(1,1), ACTIV(I,7), ACTIV(J,10)

16 - This file is used for updating other files
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File 6 is the output fiie.

6(RESLT) -~ This file contains the output for each scheduling period as

follows:

(1)

(2)

(3)

(4)
(5)

Critical path routine output-slack, early start and
remaining duration

ACTIV array activities which are scheduzble for the
given period.

LISTAC array

LISTA array

RP{$HL array
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boob ped e et bt
LN O
PR

15.
16.
17,
18.
19,
20.
21,
22.
23.

24,
25.
-26.
27.
28.
29.
30.

31.
32.

33.
34.
35.
36.
37.

SPREAD
sp2
CPATYH

PODYNYL

NINTS
INITPR
CoMIN
CempuT
INITJB
SCHEDL
REPEOL
RACTIV
UPDATL

SOR

RDFIL
PLIST
MULTIS
CHNAC

CREWSZ

UPSTAT
UPDUR

"RESULT

PACK

LISTM
MERGE
LISTAD
SSXIL
TEYST
PEST
LPACK

36

LIST OF ROUTIKRES

Initiates execution of the scheduling program.
Termivates execution of the scheduling program,
Accownlishes critical path nnalvsis of master network.
Accomplishes dynamic storage for CPATH.

Initializes location arvays KPIN¥1 6 KPINF2, and KPINF3.
Initializes location arravs for PREL and. PREZ2.

Stores data dvaamically,

Retrieves dynamically stored data.

Initislizes dynauic storage for CPATIL

tcecomplishes scheduling of activities.

Updates RPOGLarray for current scheduling period.

Reads ACTIV arvav data from previous scheduling period.
Adds data for nsw activities to ACTIV array.

Sorts ACTIV array according to ascending order of identification
numbers,

Adds additional data te ACTIV array.

Places activities in appropriate scheduling lists.
Sets up MSKILL array.

Sets up C&NACT array.

Adjusts maximum and minimum crew sizes for concurrent
activities,

Updates status of activities
Updates activity durations.
Writes scheduling information on output file,

Deletes ccmpleted activities and packs remaining data in
ACTIV array.

Schedules a list of activities at minimum crew size.

Merges scheduled activities from two lists into one list,

Adds resources to activities in a list,

Determines if resources are available by using secondary skills.
Posts data in TEHPRI erray.

Posts resources and adjusts resource pool.

Deletes nonschedulable activities and packsremalning activities
in a list,

Calculates crew size increment for adding resourcces,

Finds percent of resources available without using secondary
skills,

Adds resources by utilizing secondary skills.

Adjusts resources to same level in TEMFPRT.

Sorts scheduling list to slaci.

Sort ‘ slack.

{ ST array according &
Sorts CiuNACT array serial numbers.

Column 10 in ACTIV array.
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I.

II.

SUBROUTINE CALLING SEQUENCE

CPATH: Critical path program
A. PODYN1
B. ININFO
C. INITPR

D. 1INITJB

'E. COMIN (called several times)

F. COMOUT (called several times)

G. OBEY (loads SCHEDL)

SCHEDL: Scheduling program
A. REPPOL
B. RACTIV
C. UPDATL
D. S¢RT
E. RDFIL
F. PLIST

1. S@RTL

2. SYPRTL

3. SORTL

4, SPRTL
G. MULTIS
H. Co&NAC

1. sgrica
I CREWSZ
J. LISTH
SSKIL
TPOST

POST
LPACK

AU S

37,
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v
e
.

LIST™
1. SSKIL
2. TPOST
3. POST
4, LPACK
MERGE
LISTAD
1. DELCS
2. PERAV
3. SSKILA
4, TPHST
5. ADJUST
6. POST
LISTM
1. SSKIL
2. TPOST
3. PHST
4, LPACK
LISTAD

1. DELCS
2. PERAV
3. -SSKILA
4, TPOST
5
6

. ADJUST
. PgsT
LISTM
1. SSKIL
2. TPSST
3. P@ST
4, LPACK
LISTAD
1. DELCS
2. FERAV
3. SSKILA
4, TEFHST
5. ADJUST
6. POHST

38
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MERGE
LISTAD

1. DEICS
2. PIRAV
3. SSKILA
4, TPEST
5. ADJUST
6. PYST
LISTAD

1. DELCS
2. PCRAV
3. SSKILA
4, TPYPST
S. ADJUST
6. POST
UPSTAT
UPDUR

1. SPRTBK

RESULT

PACK

®BEY (loads CPATH)

OBEY (transfers control to SP2)

39
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I1CA
IDUR
IMS
IPER
TPAST
IS

ISG
ISSKIL
JOBT
KPIKF
KPINF2
KPINF3
KS

KSLACK

MSSKIL
NAS
N2
NCA
NDUR
NJT
NL1
"NL2
NL3
NL4
NLIST
NPER
NSG
NSSKIL

PREL (1)
" (2)
'l— (3)
"4
n (5)

PREZ2

40

Selected Variable Meanings

Number of itewms in C¢NACT array
Activity time remaining

‘Number of items in MSKILL array

Present period

Number of items in TEMPRT arrey

Serial number eof activity

Skill group number

Secondary skill group number

Planned job ccmpletion date (period)

Total slack

Early start

Time remaining to complete activity

1: (Normal twminimum) crew size increment

2: (Critical minimum) crew size increment

3: (Maximum posted) crew size increment

Number of periods.of slack for which activities are considered
critical

Number of men assigned with secondary skill

Number of scheduable activities (number of items in ACTIV array)

Number of activities in master network

Number of items in concurrent activity file

Change in activity time remaining

Total number of jobs

Number of items in LISTAC array

Number of items in LISTBC array

Number of items in LISTA array

Number of items in LISTRB array

Number of items in a particular scheduling list

Number of periods in the scheduling interval

Number of skill groups

0: No secondary skills allowed

1: Secondary skills allowed

Number of precedence relations

Location of first precedence relation in preactivity list

Duration

Early start

Late start, replaced later by total slack

Preactivity identification number
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ARRAYS USED FOR SCHEDULING

RPOOL (I,J)
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USE 3
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Prooram SCiE

Accomplishes Scieduling of Activities

1. Read general information.
2. Update the Resource Pool (iiPdéL) array for the current scheduling period.

. Read Activity (ACTIV) array data saved from the previous scheduling
ericd,

T W

4, Add new schedulable activity ddta to the ACTIV array. (Based on
early start time = 0)

‘5. Sort the ACTIV array according to ascending order of activity
identification numbers.

6. Add remaining activity data to the ACTIV array.

7. Place activities in appropriate scheduling lists according to slack.
(LISTAC, LISTBC, LISTA, LISTB)

8. Set up the Multi-Skill (MSKILL) array according to ascending order
of activity identification numbers.

9. Set up the Concurrent Activity (C@NACT) array according to ascending
order of slack.

10, Adjust maximum and minimum crew sizes for concurrent activities so
that the same resource level is assigned to all

11. Schedule activities appearing in the active, critical (LISTAC) array
at minimum crew size. (Include secondary skills.)

12. Schedule activities appearing in the non-active, critical (LISTBC)
array at minimum crew size. (Include secondary skills.)

13. Merge scheduled LISTBC activities into the LISTAC array.

14, Add resources to LISTAC activities up to critical crew size. (Include
secondary skills.,)

15. Schedule activities appearing in the active, non-critical (LISTA)
array at minimum crew size., (Include secondary skills.)

16. Add resources to scheduled LISTA activities up to normwnal crew size.

17. Schedule activities appearing in the non-active, non-critical (LISTB)
array at winimum crew size,

18. Add resources to scheduled LISTR activities up to normal crew size,

ARIHUR LAKES LIBRARY
@@bOﬁADC)SCHCEXJDFLﬁNES
GOLDEN, GOLGRADQ
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+

o2

19. Merge scheduled LISTB activities into the LISTA array.

20. Add surplus resources to LISTAC activities up to maximum crew size.

21. Add surplus resources to LISTA activities up to maximum crew size.

tatus of active activities.

m

. Update
23, VUpdate activity durations.
24, Vrite results on output file,

25. Remove activities that have been completed from the previous scheduling
period in the ACTIV array and pack remaining data.

26. Update general information.

27. ERD (control reverts to critical path program)
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CALL INITJE

.
%
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% READ JOF COMPLETION DATE
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NOTALCULATE TOTAEL SL%IK
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zTO=
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