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ABSTRACT

This study is concerned with the application of Material Require
ments Planning (MRP) to project scheduling in Civil Engineering. MRP 
had been developed originally to solve production scheduling problems in 
manufacturing. Because project scheduling and production scheduling 
have similar problems and characteristics, the possibility exists that 
MRP can be used effectively to solve project scheduling problems. This 
study investigates the potential for applying MRP to project scheduling 
in civil engineering.

The first portion of the study focuses upon the methodology used 
for expressing a Critical Path Method (CPM) project network diagram in 
terms suitable for use by the MRP technique. This is explained by 
demonstrating the use of MRP to schedule a small hypothetical project 
which involves generating an early start schedule, a late start sched
ule, and a critical path for the hypothetical project.

The second portion of the study investigates the effects of 
project size upon the MRP effort required to generate schedules. For 
illustration, some hypothetical projects of varying sizes are scheduled 
by an MRP computer program and the execution times are recorded.

The results of the research indicate that MRP is conceptually 
feasible and applicable to project scheduling in civil engineering.
More research is needed however, to determine the practicality of using 
a computer to implement the MRP technique.

ix



CHAPTER 1

INTRODUCTION

The technique known as the Critical Path Method (CPM) is, at 
present, widely used by civil engineers for project scheduling. Al
though CPM is capable of generating feasible schedules, research has 
been conducted to find scheduling methods that produce better schedules 
or generate more useful scheduling information. Material Requirements 
Planning (MRP) is a scheduling system which has evolved in manufactur
ing. It was developed to schedule the assembly of products. MRP has 
the potential for supplying more management information'regarding the 
procurement of required resources than CPM.

Shortly after the development of CPM in the late 1950’s, it 
was applied in several areas of industry, especially in construction. 
One of the criticisms that arose shortly after the development of the 
method was that CPM did not consider resources other than time when 
generating schedules. Since the inception of CPM, two major modifica
tions have been made to the basic technique; heuristic and optimal 
procedures [5]. These modifications have made possible the generation 
of better schedules.

The majority of research in improved scheduling methods was 
aimed at modifiying schedules generated by CPM. Heuristic procedures 
sought to modify schedules to reflect resource requirements by the use 
of heuristic resource allocation rules; but the disadvantages of using 
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heuristic procedures are that the results are not predictable, and no 
indication is given as to how good the resulting schedules are. Optimal 
procedures aimed at using mathematical equations to combine the schedul
ing of activities and resources have had some success; however, they 
have been shown to be computationally infeasible for scheduling large 
projects on even the largest modern day computers [5].

The two approaches (i.e., CPM with heuristic resource allocation 
rules, and optimal methods) have been refined and used for scheduling. 
Although both approaches consider resource requirements, neither 
addresses the problem of determining what net quantities of resources 
need to be procured, nor the scheduling necessary to procure these 
resources.

The problems of scheduling resource procurement occurs in both 
civil engineering (i.e., project scheduling) and manufacturing (i.e., 
production scheduling). The completion of a civil engineering project 
requires the use or consumption of some resources. Typical of these 
might be labor, equipment, time and money. Likewise, the manufacturing 
of a product involves the use or consumption of resources. These also 
include labor, time, machines and money; but furthermore encompass raw 
materials and subassemblies. In both civil engineering and manufactur
ing, these resource requirements must be available in a specific order 
and in the appropriate quantities when needed.

There exist certain analogies between problems in project 
scheduling and production scheduling. Within civil engineering, project 
scheduling focuses upon network analysis (i.e., assigning start/finish



dates to activities) and resource procurement/allocation. Within 
manufacturing, production scheduling focuses upon assigning start/finish 
dates to assembly processes and the procurement/allocation of production 
resources. In one case, the desired result is a schedule for the 
completion of a project. In the other case, the desired result is a 
schedule for the completion of a product. As originally developed, CPM 
did not consider resource requirements other than time. (Resource 
allocation schemes were added to CPM to correct this deficiency.) Like
wise, early production management systems did not consider the effects 
of production resource requirements.. Resource procurement/allocation 
was left to the inventory system and the production manager.

In recent years, civil engineering project schedulers and 
manufacturing production schedulers have attempted to improve their 
scheduling techniques. Within civil engineering, project schedulers 
have tried to develop exact mathematical techniques (i.e., optimal 
procedures). Also, considerable research has been done to develop 
heuristic resource allocation rules for project scheduling. Within 
manufacturing, production schedulers have developed MRP systems. MRP 
has been demonstrated as being an effective scheduling tool in manu
facturing. MRP’s orientation toward resource procurement may generate 
more useful information to project schedulers than existing project 
scheduling techniques. For this reason, MRP should be investigated as 
a project scheduling tool in civil engineering.



Purpose of the Study 
The purpose of this thesis is to examine the potential applica

tion of MRP as a project scheduling tool. Specifically, this involves 
examining the following:

1. Determining if a project network can be expressed in terms 
suitable for input to 'MRP.

2. Determining if a critical path of activities can be identified
from MRP output.

3. Determining if schedules which correspond to CPM early start
and late start schedules can be generated by MRP.

4. Determining if an MRP computer program is feasible for use as
a project scheduling tool.

Limitations

There are some limitations to this study examining the potential 
application of MRP to project scheduling. Primarily, these limitations 
were necessary to insure that the research could be completed within a 
reasonable time. First, the project networks chosen for scheduling are 
hypothetical. Secondly, the MRP computer program used on these networks 
was not tested on an actual project, primarily due to the difficulty of 
obtaining the necessary data and converting it into a form useable by 
the MRP computer program within a reasonable time.

Third, the MRP computer program was restricted in the number of 
activities, resources, and planning horizon time periods. This was (due 
to restrictions on the amount of computer core available.
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Fourth, the large networks were scheduled solely by MRP due to 

the lack of a CPM computer program with resource allocation capabilities.. 
It was considered that comparisons of computational effort would not be 
valid unless identical projects were scheduled by both MRP and CPM.

Fifth, resource constraints were not considered because they 
were deemed too complex for this preliminary research project; multi
project scheduling was not attempted for the same reason. Sixth, this 
study did not address scheduling of networks which contain condition
alities. Lastly, decision tree networks and stochastic networks were 
excluded from this study as were networks which contain loops, feedback, 
or waiting lines (i.e., queues).



CHAPTER 2

LITERATURE REVIEW

Since the inception of CPM and MRP concepts, considerable work 
has been accomplished in order to refine the techniques. In many cases, 
the results have provided expanded use of the methods. In the sections 
that follow, a summary of the two techniques is presented. The 
individual sections cover the following topics, first for CPM and then 
MRP: (a) development of the technique, (b) assumptions, benefits and
limitations of the basic technique, and (c) alternatives, applications 
and refinements of the basic technique.

Development of CPM
The term Critical Path Method (CPM) refers to a general class 

of network analysis techniques. Network analysis is the general term 
for the methodology by which project activities are scheduled. As the 
name implies, network analysis methods include an imbedded network 
model. Historically, CPM has been solely time-oriented.

At the heart of virtually all widely used project scheduling 
methods is a network model. As described by Shaffer [26], in a network 
model, the project is composed of several individual jobs or activities. 
Every activity has a set of immediate predecessors which must be 
completed before the next is started. Some pairs of activities can be 
worked on simultaneously, while others must be done serially. Further
more, an activity can require various resources. This type of model

6



7
can be represented in diagrammatic form. This is known as a project 
network diagram, which Davis [5] states is the basis for all network 
scheduling techniques.

Antill and Woodhead [1] have described two basic types of 
project network diagrams. These are known as arrow diagrams and 
circle diagrams. Activities are represented by either arrows or 
circles. Advantages for the arrow diagram as enumerated by Moder 
and Phillips [15, pp. 68-69] are:

1. Slightly easier to make hand computations.
2. It is easier to arrange the activities in order of prece

dence, a step involved in many algorithms such as resource 
allocation.

3. More conventional, more compatible with typical require
ments in construction contracts and current computer 
programs.
Moder and Phillips [15, pp. 68-69] go on to list the advantages 

of circle diagrams (i.e., activity-on-node) as:
1. With the activity-on-node system, precedence relationships 

are shown by the lines connecting the activity nodes 
rather than by bringing the arrow heads of all predecessor 
activities to a common point (event) as well as arrow tails 
of all successor activities. For this reason, activity-on- 
node network construction and modification is much simpler; 
activities can be plotted on a worksheet in a random order, 
and the connecting lines showing precedence relationships 
can be drawn and easily modified until a satisfactory 
representation is obtained. Also, this scheme does not 
require the use of dummy activities.

2. Permits the use of preprinted networks of nodes to which 
only precedence arrows are added.

3. Information is presented in a more compact manner, making 
descriptions and computed times easier to read.



4. Activity numbering is simpler, using a single number, and 
thus coding activities by projects, labor skills, etc., is 
greatly simplified. When activities-on-arrows are used, 
an activity is identified by the pair of numbers of the 
events bounding the activity. This creates an activity 
coding problem at merge events when the merging activities 
require different coding. This can be alleviated but only 
by adding dummy activities.
Starr [27] notes that starting about 1957, several approaches to 

network analysis were begun at different locations and for different 
reasons. Some of the techniques which emerged are Program Evaluation 
and Research Task (PERT), Critical Path Method (CPM), Program Reliabil
ity Information System for Management (PRISM), Program Evaluation Pro
cedure (PEP), Integrated Management Production and Control Technique 
(IMPACT), and Scheduling Control by Automated Network Systems (SCANS). 
All these techniques share in common the concept of a critical path.
For this reason, this type of network analysis technique is referred to 
as CPM. .

CPM was initially developed for the purpose of scheduling spe
cific projects during the late 1950’s. Later, it was applied to sched
uling problems in other areas Such as the construction industry. 
According to Gleason and Raneri [9] the introduction of CPM to the con
struction industry was a significant breakthrough from an economic 
standpoint. Much enthusiastic support was given to CPM in technical and 
trade publications according to Popescu and Borcherding [23]: by the
late 1960’s, CPM was widely accepted by the construction industry.

Assumptions, Benefits and Limitations of CPM 
There are some limitations to the CPM technique. Some authors 

have noted these limitations stem from some basic assumptions.
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Crandall [4] has observed that although CPM assumes determinis

tic times estimates for individual activities, the actual variability of 
many activities on typical construction projects has proven that this 
assumption is not always valid. Moder and Phillips [15] have suggested 
the use of PERT when the variance in activity durations is considered 
significant.

Katsoulas and Sadowski [10] state that a critical path analysis 
assumes that all resources are available upon request and that activity 
durations are a function of these resources. These assumptions are not 
always true. Moder and Phillips [15] have outlined a procedure for 
checking a schedule generated by CPM for feasibility with respect to 
resource requirements.

Naaman [17] observes that CPM does not allow the handling of 
alternatives or conditionalities; it assumes that all activities must 
be completed. Furthermore, according to Naamah, CPM does not permit 
the presence of loops (i.e., a series of activities which, are performed 
more than once) or feedback.

Peer [22] cites the following questionable assumptions of CPM: 
unlimited resources that can be hired and fired freely, independent 
activities of fixed duration that can be shifted freely between earliest 
start and latest finish, and the equal weighting or importance of each 
activity.

Wiest and Levy [30] noted that resource constraints could affect 
the CPM notion of a critical path. As the resource constraints in a 
network model begin to affect the scheduling of activities, a critical 
path begins to lose its significance.
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An assumption noted by Chase and Aquilano [3] is that project 
activity sequence relationships can be specified and expressed as a net
work. In some cases, this may be difficult, especially in research and 
development projects where new technologies may be encountered.

Although there are some limitations to CPM, there are benefits 
to be gained from its use. When used in conjunction with resource 
allocation rules, CPM will produce good, feasible schedules at reason
able costs. The concepts involved in CPM are easy to grasp and CPM is 
suitable for hand calculations for even moderate sized projects.
Shaffer [26] lists the following as advantages of the use of CPM:

1. CPM enforces a discipline in planning and scheduling which
is not accomplished as well with the traditional methods.

2. CPM does allow management to manage-by-exception.
3. CPM allows for an improvement in communication and co

ordination among the several departments in the firm.
4. CPM can make planners and schedulers more competent.
5. CPM allows for an improvement in communication and 

coordination among the several organizations required 
for completing the work.

6. CPM provides management with a tool to measure the 
ability of planners.
The majority of literature which questions the validity of CPM 

assumptions centers around resource allocation. Resource allocation is 
the term used to describe the methodology by which the effects of re
source requirements are incorporated into project schedules. Peer [22] 
holds the opinion that no project can be carried out without regard to 
the question of resources. In this same vein, he^itt. _[ 13j has
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commented that without adequate planning for resource considerations, 
shortages, delays or other problems may result.

In an attempt to overcome problems with resource allocation, a 
considerable amount of research was devoted to the subject. Resource 
allocation methods have been developed which overcome most of the short
comings of the basic CPM technique. Still other methods were developed 
to deal with the problems of conditionalities and loops, but these are 
outside the scope of this study. Resource allocation methods will be 
discussed in the next section.

Alternatives, Applications and Refinements of CPM 
In one of his papers, Davis [5] describes the resource allo

cation problem as follows: The start/finish times generated by CPM
calculations imply specific profiles of aggregate resource usage over 
time. This profile represents the demand for a specific resource as 
a function of time. The problem of resource allocation arises when the 
availability of resources is compared with the demand for the resources. 
It is possible that demand may exceed availability in some time periods. 
Or, it is possible that the variation of resource usage is considered 
excessive and it is desired to "smooth'1 the resource demand profile.
Still another possibility is that the project duration is unsatisfactory, 
and additional resources will be required to shorten the project dura
tion, while minimizing the cost Of the additional resources.

The resource allocation.problem.£6] may be one of three types:
(a) leveling resource demands, or "smoothing," (b) scheduling under 
fixed resource limits or constraints, or (c) time/cost tradeoff problems.
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Problems of leveling resource demands occur when there are sufficient 
quantities of resources available to meet aggregate resource demands, 
but for some reason it is desired to use resources at a constant rate. . 
Fluctuations in the usage of certain resources are undesirable. For 
example, fluctuations in labor usage results in either hiring and firing 
costs or idle time costs. Smoothing the resource, demand profile is 
accomplished by rescheduling activities within available slack to give 
the most acceptable profile. Project duration is not increased by the 
smoothing process. .

Problems of scheduling under fixed resource limits occur when 
the demand for resources exceeds the maximum amount available in a 
particular time period. When this occurs, rescheduling of activities 
is necessary, and the result often is an increase in project duration 
beyond the original critical path duration. This type of problem is 
also called "the resource-constrained" scheduling problem [5].

Time/cost tradeoffs attempt to minimize total project cost and 
keep project duration within a specified limit. This is accomplished
by reducing the duration times of critical activities at the expense Of

oadditional resource requirements. This"' is sometimes referred to as 
"crashing" the project. One of the criticism of time/cost tradeoff 
methods is that they usually assume an availability of unlimited re
sources 122] .

Regarding scheduling under fixed resource limits, Wiest [28,29] 
has observed that resource constraints may affect the significance of 
the critical path. Paulson [21] has defined a concept known as
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"critical sequence" which is more meaningful than a critical path. This 
critical sequence is a sequence of activities with zero total float. 
While activities on a critical path ..must be connected on the network 
diagram, activities on a critical sequence need not be connected on the 
network diagram. They do, however follow one another continuously with 
regard to time. Unlike the critical path, a critical sequence is not 
unique. The critical sequence is a function of the method chosen for 
resource allocation in resource constrained scheduling.

Two different approaches to the resource allocation problem 
evolved. One sought to modify schedules generated by CPM to reflect 
resource requirements. This involved the use of heuristic rules for 
allocation of resources. The second ..approach attempted to express 
precedence of activities and resource constraints by mathematical 
equations. Schedules are then generated by solving these equations. 
Davis [5] refers to these two approaches as heuristic procedures, and 
optimal procedures.

There exist major differences between the two approaches. In 
the heuristic procedure, network analysis is performed without regard 
to resource considerations. The application of heuristic rules to 
resource allocation is intended to compensate for resource considera
tions. However in the optimal procedures, the resource considerations 
are an integral part of the scheduling process and not compensated for 
after the schedule is generated. The optimal procedure approach is a 
type of network analysis which is separate and distinct from CPM.
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There are limitations to both heuristic and optimal procedures. 

Heuristic methods generally produce good, feasible schedules, but give 
no indication of how good the solution is. Optimal methods give the 
best results, but are computationally infeasible for scheduling large 
projects. In some cases, the limitations of these methods may not be 
applicable. For example, if all that is desired is a feasible schedule, 
then heuristic procedures will produce satisfactory results. Other 
schedulers may desire something more than a feasible schedule. In such 
a case, heuristic methods may not be satisfactory.

According to Wiest and Levy [30] the scheduling of projects 
with limited resources is classified by mathematicians as a "large 
combinatorial problem." Zionts [32] notes that there may be many 
solutions to a combinatorial problem. Some of these solutions may be 
more desirable than others. Generally some sort of objective function 
is used to evaluate the schedule. Battersby [2] has discussed several 
objective functions. According to some researchers [2,11,22,32] it may 
sometimes be difficult to express the objective function in mathematical 
terms. Difficulties in evaluating schedules are common to both 
heuristic and optimal procedures. However, if all that is desired is 
a feasible schedule, heuristic methods are adequate and no further 
evaluation of schedules is necessary.

"Optimal" or "exact" methods use mathematical equations to 
express precedence of activities and resource constraints. These 
methods are aimed at producing optimal results. Wiest and Levy [30] 
note that exact methods include variations of linear programming and
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enumeration techniques. Zionts [32] observed that many scheduling 
problems deal with whole quantities of resources, therefore integer 
linear programming seems more applicable. In a recent article,
Patterson and Roth [19] describe a variation of bounded enumeration 
known as zero-one programming. Davis [5] concluded that optimal methods 
result in a global optimum solution, vis-a^vis the localized optimal 
solutions of heuristic methods. However, Davis also observed that exact 
methods are computationally infeasible even on the largest modern 
computers. Other researchers have reached similar conclusions [30,32].

The use of a heuristic rule in resource allocation reduces the 
amount of searching necessary to find a feasible solution. McLeod and 
Stafforth [14] classify heuristic rules as one of three types:
(a) serial, (b) parallel, and (c) serial-parallel. These heuristic 
methods are aimed at producing good, feasible schedules.

Heuristic methods are more widely used than optimal methods. 
Although a schedule generated by.heuristic methods is not always the 
best solution, it is usually a feasible solution. In many practical 
applications, this is all that is required. The additional cost
required to obtain an exact optimum may not be warranted.

Davis [5] and Wiest [28,29] have both concluded that heuristic 
methods do not always produce a global optimum. Furthermore, heuristic 
methods do not give any indication of how good the solution is. How
ever, in one specific application. Reinschmidt [in 24] has achieved 
some success in developing a heuristic rule which works well for cash
flow objectives in project scheduling.
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Regarding both heuristic and optimal methods, Davis [7] has 
observed extreme variation in computation time from problem to problem, 
even among similar networks, Davis [7] attempted to develop network 
summary measures for categorization of scheduling methods. These 
summary measures were: (a) size, shape.and logic, (b) time character
istics, and (c) resource demands and availabilities. The results showed 
that useful summary measures can be developed for describing the charac
teristics of networks. Also, for the special case of constrained re- V. 
source scheduling, summary measures based on resource requirements and. 
availabilities appear to be more important in explaining.the duration 
increases encountered, than general measures such as size and complexity .

One variation of the heuristic rule for resource allocation is 
the man-computer interaction, as advocated.by Paulson [20,21]. This 
involves the use of timesharing computer terminals by an engineer to 
review, guide and interact with the computer in the search for a 
solution. Other researchers [12,25] have advocated similar but less 
comprehensive man-computer interaction schemes,

Development of MRP
The term Material Requirements Planning (MRP) refers to a 

specific technique used for production-inventory control. MRP has been 
applied primarily to the area of manufacturing, due to an assumption of 
its limitations which will be discussed in a subsequent section.

Production-inventory control, which is sometimes called 
production-invento^ management, is the general term for the methodology 
by which production and inventory systems are managed. Historically,
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these two systems were treated as separate and independent. It was 
recognized that.the two systems were not independent, but until the 
development of computers, it was not feasible to interface the two . 
systems. MRP was created specifically for this purpose.

The concept of MRP is not new [3]. Due to the numerous
calculations required for large inventories, however, it was not
feasible until the development of electronic computers. About 1960,
when MRP computer systems were developed, the manufacturing industry
began using MRP [18]. Much of the development of MRP was done by
Joseph Orlicky, George Ploss 1 and Oliver Wright [in 16], The use of
MRP has increased rapidly [8], although it has remained essentially 

■ ' i . ‘ " -
confined to the manufacturing environment that spawned it.

In MRP, the demand for components is linked with the demand for 
products through a concept known as dependent demand. Consider the. 
situation in which a product is to be manufactured. If the quantities 
of components needed to produce a product are known, the demand for 
components can be computed from the demand for the product. This is 
known as dependent demand [3].

. The MRP linkage of product demand with component demand is 
achieved through the use of a product model referred to as a product 
structure tree. This model is sometimes called a product explosion [16]. 
The product structure tree contains the precedence or order of assembly 
for components and the quantities of components required.

Two manufacturing subsystems in which MRP plays a major role are 
production planning and inventory control. Production planning is the
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procedure by which the assembly processes for products are scheduled. 
This involves determining what assembly processes are to be performed, 
and when they are to be performed. Production planning also involves 
determining what resources (i.e., components, raw material, production 
facilities, etc.) are needed for each assembly process and when they are 
needed. The procurement of these resources is left to the inventory 
subsystem. The demand for a given quantity of a product generates a 
demand (i.e., dependent demand) for specific quantities of all the 
components and resources needed for assembly. The needed components are 
expected to be supplied by the inventory, subsystem.

The primary function of an inventory subsystem is to make 
components available when needed by production. If a component is not 
expected to be in stock when needed, it must be ordered either from an 
external source (i.e., outside vendor) or internally. In either case, 
some time for acquisition is required. This time is known as "lead" or 
procurement time. Orders must be placed far enough in advance (i.e., 
with sufficient lead time) to insure that the components will be avail
able when needed for assembly.

Because the demand for components is directly tied to the 
schedules generated in the production planning process, problems in 
inventory control are directly linked to production problems [18]. 
Therefore, to be truly effective, an inventory management system must 
be closely interfaced or linkaged to the production planning system.
The result of this linkage is a prpduction-inventory control system.
MRP considers the time aspects of inventory procurement (i.e..
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time-phasing of orders with appropriate lead times), and directly links 
component demand with the production planning system through a master 
production schedule and the product structure tree(s).

Assumptions, Benefits and Limitations of MRP
There are four intrinsic assumptions in the MRP technique.

First, it is assumed that the product(s) can be modeled by a product 
structure tree. No allowances are made for decision processes, or 
evaluation of alternative ways to assemble the product(s). Second, it 
is assumed that some deterministic time for procurement of components 
or parts is known or can be determined. Third, it is assumed that all 
components and the end product(s) are inventoriable (i.e., do not perish 
if they are not immediately consumed). Fourth, it is assumed that the 
demand (i.e., how much and when) for the end product(s) is known.

In actual use, the demand for end products comes from two 
sources: firm (i.e., known) orders and predicted orders. A master
production schedule (i.e., list of what is desired, in what quantities 
and when) is used by MRP to generate a schedule for the assembly 
processes and ordering of components.

Generally, the actual demand for end products varies from the 
demand which was predicted. This results in the need for updating the 
schedules generated by MRP. If updating occurs too frequently, a 
phenomenon of system overreaction known as "system nervousness" 
occurs [3],

One of MRP's basic assumptions is that it is possible to deter
mine the time necessary to procure a component. This is not always
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possible. One reason is that historically vendors have not always been 
reliable. Also, even for components produced internally, the supply is 
sometimes delayed or interrupted. In order to compensate for this ele
ment of uncertainty, safety stocks have been used as a hedge against 
stockouts. In theory, MRP systems have no need for safety stocks, be
cause it is assumed that lead times are both deterministic and certain.

One of MRP's major benefits to manufacturing is in the area of 
inventory management. Inventory management is primarily concerned with 
costs of stockouts and inventory carrying costs. Components of raw 
material used in manufacturing must be available when needed, or the 
cost of a stockout will be incurred. The two primary elements of stock
out costs are loss of sales and loss of goodwill 116]. On the other 
hand, if components are in stock before they are needed, inventory 
carrying costs will accrue. These include costs of storage, pilferage, 
obsolescence, deterioration, taxes, insurance, and opportunity to in
vest elsewhere [3,16]. Most companies estimate that it costs 20% of 
the value of inventories to carry them for a year [16]. According to 
Orlicky [IS] inventory carrying costs range from 8 to 35%. Because 
many companies have a sizeable amount of money invested in inventories 
any technique which will reduce inventory costs is attractive.

Several inventory control techniques have evolved, but most of 
them either totally ignored production and its interface with inventory, 
or made simplistic assumptions as to the interface. Only MRP clearly 
defines the linkage of production and inventory through a concept known 
as dependent demand, while considering the time element required for 
procurement of components.
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MRP has, in many instances, reduced the amount of inventory 

necessary for the smooth and efficient operation of production. It 
does this by ordering what is needed for when it is needed and thereby 
minimizing inventory carrying costs as much as possible.

Alternatives, Applications and Refinements of MRP
There are alternatives to MRP. Several management systems have 

been developed for production control and production-inventory systems. 
Some of these systems are: Statistical Order Point, Lot Requirements
Planning, and Time Phased Order Point [18]. Davis [8] lists several 
systems in use by industry, per a 1973 survey. The six most widely used 
procedures in 1973 were "ABC" principle. Economic Order Quantity (EOQ), 
MRP, Statistical Re-order Point Calculation, Exponential Smoothing, and 
Capacity Planning.

The primary reason that MRP has been restricted to manufacturing 
appears to stem from the assumption regarding the ability to store com
ponents and end products. In the past, it was assumed that MRP was 
applicable only to inventoriable items [3], but recently the validity of 
this assumption has been challenged. The use of MRP for the scheduling 
of services has been suggested [31j. At present, it is believed that 
no one has actually used MRP to schedule the production of services.

In some instances, the scheduling of the "production of 
services" can be more complex than manufacturing activities [3,16].
Moore [16] asserts that this is the result of a basic difference in the 
characteristics of manufacturing's end product (i.e., goods) vis-a-vis 
services. Manufactured goods are inventoriable; services are not. For



example, airplanes can be manufactured and stockpiled. However, the 
service, of transporting a passenger by airplane from one city to an
other cannot be stockpiled. This type of problem is well suited to 
queing theory, linear programming, Monte Carlo simulation and other 
probabilistic modeling approaches.



CHAPTER 3

MRP METHODOLOGY

This chapter presents a simple example to illustrate some basic 
concepts of MRP. First, a bill of material is described. Second, the 
MRP concepts of explosion and netting are explained. Third, an inter
pretation of a material requirements plan is presented. Fourth, the MRP 
concept of pegging requirements is explained. Finally the inputs and 
outputs of MRP are discussed briefly.

Bill of Material
Suppose that it is desired to produce a product called T, which 

is made of two parts U and three parts V. Part U in turn is made of 
one part W and two parts X. Part V is made of two parts W and two parts 
Y.

The engineering document that describes a product is the bill of 
material which lists components of each assembly and subassembly. The 
graphical representation of the bill of material for product T is shown 
in Figure 1. In general, for a bill of material, the assembly in 
question is termed the parent item and its component items are listed by 
identity code (part number) with quantity per (one unit of) parent item. 
The term bill of material is used interchangeably for a single item 
bill (e.g., Figure 1), for all such bills, collectively, pertaining to 
a given product and for the entire bill of material. (The bill of 
material will be discussed in the next section.)

23
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Identity

Parent Item

Component Item

Quantity
per

Figure 1. Bill of Material for Assembly T
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When the individual bills defining product T and its components 

are linked together graphically, as shown in Figure 2, they form a 
hierarchial, multilevel structure known as a product structure tree. 
Conventionally, the levels of a product structure tree are numbered from 
top to bottom, beginning with level 0 for the end product.

In MRP terminology, each assembly is referred to as a parent 
item and each of its component items is referred to as a child item.
This parent/child relationship for product T is illustrated in Figure 3.

Concept of Explosion and Netting 
In the case of product T, if 100 units of T are required, then 

it follows that these quantities of components will be needed.
Part U: 2 x number of TVs = 2 x 100 -- 200
Part V: 3 x number of T's = 3 x 100 = 300

1 x number of U's =: 1 x 200
Part W : { } = 800

2 x number of V s  = 2 x 300
Part X: 2•x number of U's = 2 x 200 = 400
Part Y ; 2 x number of V s  = 2 x 300 = 600
This computation of required quantities of components i1lus- 

trates how MRP links the demand for products with component demand. The 
demand for 100 units of product T generates a demand for 200 units of U, 
300 units of V, 800 units of W, 400 units of X, and .600 units of Y.

. When computing the demand for product T's components, it is 
necessary to identify the components of each parent item starting with 
end product T, in a downward progression from one level to another. In 
MRP terminology, this downward progression is known as an "explosion."



Level 0

Level 1

Level 2

Figure 2. Product Structure Tree for Product T
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Figure 3. Parent/child Relationship for Product T
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In executing an explosion, the task is to identify the components of a 
given parent item.

Mow, consider the time element to obtain these items< This time 
can pertain to either the time needed to obtain the part from an outside 
vendor or to produce the part internally. For purposes of illustrating 
how the time element enters into MRP, assume that T takes one week to 
make; U, two weeks; V, two weeks; W, three weeks; X, one week; and Y, 
one week. If it is known when product T is required, a time schedule 
can be compiled, which specifies when all materials must be ordered and 
received to meet the demand for T. For purposes of illustration, it is 
assumed that the 100 units of T are needed in Week 7. Figure 4 shows 
which items are needed and when they are needed. This is a material 
requirements plan based on the demand for product T and the knowledge 
of how T is made, plus the time needed to obtain each part.

In this simple example it was necessary to order all parts to 
complete the product T. In general, the ongoing concern has some 
quantity of frequently used parts on hand. MRP systems consider inven
tory quantities in determining if an order should be placed and if so, 
when it should be placed. This is done as follows: for each time
period, the net requirement for each item is computed by subtracting the 
quantity on hand and on order from the total quantity required (i.e., 
gross requirements). This process of converting gross requirements into 
net requirements is known as "netting." After the netting process is 
completed, the net requirements for each time period must be ordered. 
Planned orders are then generated by offsetting each net requirement by
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Item
Lead Time 
(Weeks)

Week
1 2 3 4 5 6 7

T 1 Required date 
Order placed

100
100

U 2 Required date 
Order placed 200

200

V 2 Required date 
Order placed 300

300

w 3 Required date 
Order placed

800
800

X 1 . Required date 
Order placed

400
400

Y 1 Required date 
Order placed

600
600

Figure 4. Illustration of a Requirements Plan for Completing 
100 Units of Product T in Week 7
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its appropriate lead time. Thus, orders are "timed" such that the 
items ordered are expected to be received in the time period when they 
are needed for assembly.

To illustrate further the MRP concepts of explosion and net- . 
ing, a material requirements plan for 100 units of product T will be 
developed by hand computation. It will be assumed (for purposes of 
illustrating the netting process) that 200 units of Y were ordered some 
time ago and are scheduled to arrive in Week 2. Figure 5 shows the 
starting figures recorded on a computation sheet where they are circled. 
In this case, all that is known at the onset is that 100 units of T is 
required in Week 7 and 200 units of Y are scheduled to arrive in Week 2. 
Hence the starting figures 100 and 200 are entered and encircled. All 
noncircled figures are developed as the MRP process unfolds.

The process is one of finding, first, the "gross" requirements 
of all end products for each time period and then noting any stocks 
already on hand or on order to determine their "net" requirements. In 
our case, with product T there are no stocks on hand or on order, so the 
gross requirement becomes the net requirement. The net requirement must 
be procured so, paying attention to the lead time for T (one week), a 
planned order release is placed in Week 6. The placing of an order 
carries with it the expectation that the receipt will come in the week 
when it is needed, so this expected receipt of 100 T'S is posted as a
planned order receipt in Week 7.

The next step is to explode the net requirements for Item T.
Exploding the requirements for T only means multiplying the net



On Lead Time 
Item # hand (Weeks)

Week
1 2 3 4 5 6 7

Gross requirements (joo
Scheduled receipts -̂r'y

T 0 1 Available I
Net requirement ,00
Planned order receipts I ioo
Planned order releases \oo S

Gross requirements /  zoo
Scheduled receipts 

U 0 2 Available
Net requirements 
Planned order receipts
Planned order releases
Gross requirements ^3oo
Scheduled receipts

V 0 2 Available
Net requirements 
Planned order receipts
Planned order releases
Gross requirements 
Scheduled receipts 

W 0 3 Available
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 

X 0 1 Available
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts (soo

Y 0 1 Available
Net requirements 
Planned order receipts 
Planned order releases

Figure 5. Illustration of Explosion and Netting Process for 
Level 0 Items
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requirement for T by the quantity of each component which goes directly 
into T to get their preliminary gross.requirements. This step is shown 
in Figure 5 as the preliminary gross requirements for Items U and V are 
generated. The 100 units of T ordered in Week 6 generates a demand for 
200 units of U and 300 units of V in Week 3. This completes the 
explosion and netting process for Level 0. (Refer to Figure 2 for level 
numbers.)

After exploding the net requirements for product T, the next 
step is to develop net requirements for items on the next level. In 
this case. Level 1 items are U and V. Figure 6 shows the gross require
ments for Items U and V encircled, as carried over from Figure 5. For 
purposes of visual clarity, all entries pertaining to Item T have been 
omitted in Figure 6.

Figure 6 shows the development of net requirements for Items U 
and V. The net requirement for 200 units of U generates an order in 
Week 4. Exploding the net requirement for Item U generates a.prelimi
nary gross requirement of 200 units of W and 400 units of X. Likewise, 

Item V generates a preliminary gross requirement of 600 units of W and 
600 units of Item Y. For Item W, the total gross requirement becomes 
800 (see Figure 6: 200 + 600 = 800). This completes the explosion and
netting process for Level 1 items.

Following the development of net requirements for Level 2 items, 
develop net requirements for Level 2, Items W, X, and Y. Figure 7 shows 
the gross requirements for these items encircled, as carried over from 
Figure 6. For purposes of visual clarity, all entries pertaining to 
Items T, TJ, and V have been omitted in Figure 7.
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Item #
On

hand
Lead Time 
(Weeks)

Week
1 2 3 4 5 6 7

U

V

W

Gross requirements 
Scheduled receipts 
Available 
Net requirement 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

-h 600

boo

Figure 6. Illustration of Explosion and Netting Process for 
Level 1 Items
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On Lead Time 
Item # hand (Weeks)

T 0 I

U 0 2

V 0 2

W 0 3

X 0 1

Y 0 1

Gross requirements 
Scheduled receipts 
Available 
Net requirement 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Week
1 2 3 4 5 6 7

4oo 
/ 4-00 

400 >P) ©
^ ^ — » Zoo 

A o o

4oo

Figure 7. Illustration of Explosion and Netting Process for 
Level 2 Items



35
The computations of net requirements for Items W and X are 

straightforward. However, recalling that 200 units of Y are scheduled 
to be received in Week 2, there will be 200 units of Y available for 
use in satisfying the gross requirements for Item Y. Thus, the net 
requirement for Item Y in Week 4 is 600 - 200 - 400. The order release 
for Y is then offset by the appropriate lead time of one week.

Figure 8 shows the end result of the MRP explosion and netting 
processes. This is a material requirements plan for the completion of 
100 units of T in Week 7. It shows how many components are needed and 
when. It also shows how many components must be ordered and when they 
must be ordered.

Interpretation of a Material Requirements Plan
Earlier, it was stated that the time needed to obtain items 

could pertain to either the time needed to obtain the item from an out
side vendor or to produce the item internally. For purposes of illus
trating how to interpret the schedule shown in Figure 8, it will be 
assumed that Items W, X and Y will be purchased from outside vendors.
It will then be assumed that assemblies T, U and V will be manufactured 
internally.

Using this information and the material requirements plan (i.e., 
Figure 8), the production scheduler is advised to place the following 
orders with vendors: 800 units of W in Week 1; 400 units of X in
Week 3; and 400 units of Y in Week 3. Once these items are available, 
the assembly of Items U and V can begin. In this case, where sub- 
assemblies are manufactured internally as opposed to ordered from
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Item #
On . 

hand
Lead Time 
(Weeks)

Week 
1 2 3 4 5 6 7

T 0 1
Gross requirements 
Scheduled receipts 
Available 
Net requirement 
Planned order receipts 
Planned order releases

loo

loo

100

U 0 2

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases Zoo

Zoo

z o o
Zoo

V 0 2

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases 3 oo

300

360
300

w 0 3
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Boo

Boo
goo

Boo

X 0 1

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

$ 0 0

$00
4oo

400

Y •0 . - ' 1

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

6 oo
Zoo

Zoo 
. $ 0 0  
400

$ 0 0
'

Figure 8. Illustration of End Result of MRP Calculations
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outside vendors, a planned order release corresponds to starting the 
assembly process. Likewise, a planned order receipt corresponds to 
completing an assembly. Using this interpretation of order releases 
and receipts, the material requirements plan, shown in Figure 8, calls 
for the following schedule: start assembly (or manufacture) of 200
units of U in Week 4 and complete in Week 6; start assembly of 300 units 
Item V in Week 4 and complete in Week 6. Once the appropriate quanti
ties of subassemblies U and V are completed, the assembly of 100 units 
of product T can be started. The material requirements plan shows the 
planned order release for Item T in Week 6 and the planned order receipt 
in Week 7. This corresponds to starting the assembly of 100 units of 
Item T in Week 6 and the completion of 100 units of T in Week 7.

Pegging of Requirements 
This example has shown how MRP can be used to schedule the 

assembly of a single product. In manufacturing, MRP is commonly used 
to schedule the production of several products within a given time 
horizon. It is not uncommon for several products to require like 
components for assembly. In this type of situation, it is possible for 
the gross requirements of more than one product to generate gross 
requirements for a specific component in a time period. When this 
occurs, the gross requirements for the item in question become the sum 
of the gross requirements generated by each product. For the case of 
an item which is not an end product, it may be difficult to ascertain 
the sources of demand which generated the aggregate gross requirements 
for the item in question. A technique known as "pegging of requirement^'
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is used to track demand for an item to its initial source(s). The 
reasons for why a production planner would want to peg requirements and 
the technique of pegging requirements will be discussed briefly.

Sometimes it is necessary to determine which sources of demand 
has generated a gross requirement for an item. If a material require
ments plan is generated which requires an item to be ordered for arrival
sooner than it can be supplied by vendors or manufactured internally,

. A '
then the material requirements plan is inoperable. This situation would
necessitate modification of the production plans so that the item will 
be ordered to arrive when needed. The method for .modifying the produc
tion plans is to shift the completion date of some product(s) until the 
orders for the item in question are consistent with the lead times for 
the item. Logic dictates that if product completion dates are to be 
shifted to accommodate procurement of an item, then only those products 
which generated a demand for the item in question should be considered 
for shifting completion dates.

To enable the production scheduler to identify which products 
generated the demand for a specific item, a technique known as "pegging 
of requirements" is used. Pegging simply means identifying the sources 
which generate the aggregate gross requirements of an item. It is a 
process of chaining backwards through the MRP calculations of explosion 
and netting,

To illustrate the concept of pegging, the sources of demand for 
Item W used in the example of product T will be determined. Referring 
to Figure 6, the gross requirement for Item W in Week 4 is 800 units.



This demand is composed of a demand for 200 units and 600 units of W.
By tracing the arrows drawn on Figure 6, the demand for 200 units of W 
can be seen to originate from the planned order release for .200 units of 
U in Week 4. Likewise, the demand for 600 units of W can be traced to 
the planned order for 300 units of V in Week 4. Now, it can be seen
that the planned order release for 200 units of U was generated by a
gross requirement for 200 units of U in Week 6. Likewise, the planned 
order release for 300 units of V was generated by a gross requirement 
for 300 units of V in Week 6. Items U and V are not end products, so 
the pegging process must be continued until the end products which
generated the gross requirements for Item W are identified. Referring
to Figure 5, the gross requirement for 200 units of item U in Time 
Period 6 can be traced to the planned order release for 100 units of T
in Week 6. Likewise, the gross requirement for 300 units of Item V
can be traced to the planned order release for 100 units of T in Week 6. 
Now, the planned order release for 100 units of T in Week 6 can be
traced to the gross requirement of 100 units of T in Week 7, Thus, by
utilizing pegging of requirements, the source of demand for Item W has 
been traced to its source, product T.

In this simple example where a material requirements plan was 
generated for only one product, the pegging of requirements would not 
have been necessary. It is obvious that the demand for Item W is 
generated by the end product T. The pegging of requirements for Item W 
was performed to illustrate how pegging could be done on a very simple 
example. When the MRP technique is applied to scheduling the production



of several products, the pegging of' requirements is.necessary if it is 
desired to determine which products have gross requirements that ulti
mately result in an order for a component in a specific time period.

Inputs and Outputs of MRP
This example has shown what MRP is, some of its basic concepts, 

and how it is used. MRP requires information from various sources to be 
able to perform the explosion and netting processes. Figure 9 shows the 
various sources of information used by MRP and the resulting output 
information. Figure 9 is presented, and will be explained, to give the 
reader some exposure to concepts which will be used in the next chapter.

One of the inputs shown in Figure 9 is the master production 
schedule. A master production schedule is the master plan for what is 
to be produced and when. It expresses the overall plan of production, 
in terms of end products or high level assemblies, according to a final 
assembly schedule. For the previous example of product T, the only 
entry in the master production schedule would be 100 units of T needed 
in Week 7.

The inventory status records contain order data, on hand data, 
and lead times for each item. Each record contains the status data 
required for the determination of net requirements of a specific item.

The bill of material contains information on the relationships 
of components and assemblies which are essential to the development of 
gross and net requirements. This information is the product structure 
tree data. .
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Peg
records

Bill of 
material

Inventory 
status records

Material
Requirements

Plan

Master Production 
Schedule

MRP System 
which explodes, nets 

and generates 
planned orders

Figure 9. Inputs and Outputs of MRP
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The peg records are the only element shown in Figure 9 which 

are not essential to the MRP processes of explosion and netting. Peg 
records provide the capability to trace item gross requirements to their 
sources. The process of material requirement planning, as described 
earlier, progresses from top to bottom of the product structure tree.
By using peg records, the gross requirements for a component item 
derived from its parent items are summarized by time periods. This 
summerization is not necessary unless it is desired to trace component 
demand to its sources. Also, it is not necessary to summarize this 
information by means of peg records if the scheduling problem is small 
and component demand is easily traced by visually examining MRP 
calculations. When a large number of items are scheduled, however, peg 
records become very useful simply to keep track of sources of demand.
Peg records can be thought of an "bookkeeping information," or more 
simply, a written means of keeping track of what happens during the 
explosion process.

Pegging requirements means saving this information from the 
explosion process and recording it in peg records. Peg records can be 
thought of as "where used" records. These records permit the tracing 
of requirements upward in the product structure to determine which 
parents a. given gross requirement came from, where their requirements 
came from, etc. By following the "pegs" from one item record to an
other, demand for specific components can be traced to its ultimate 
source (i.e., a specific item and time period in the master production 
schedule).
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Requirements pegging is effected by establishing a peg record 

for each component item in which the breakdown of gross requirements are 
recorded by period and tied to its source. For the previous example 
with product T, a gross requirement for 800 units of component W was 
generated. The peg records for Item W are shown in Figure 10, as they 
would be recorded. Note that the two peg records contain quantities of 
200 and 600. These total 800 which verifies the breakdown of component 
demand.

Period Quantity Parent Item

4 200 U

4 600 V
800

Figure 10. Illustration of Peg Records for Item W



CHAPTER 4

MRP APPLICATIONS IN CIVIL ENGINEERING:
SCHEDULING OF A SMALL PROJECT

This chapter explains the methodology for using MRP as a project 
scheduling tool. A small artificial project is scheduled using MRP.
Both early and late start schedules are generated and compared with CPM 
generated schedules. The methodology for determining a MRP critical 
path is explained. ■ Finally, resource requirements are added to the 
activities of the small project and it is rescheduled. The methodology 
for using MRP and CPM to schedule resources is discussed.

Expression of a Project in MRP Format
To understand how MRP can be used to schedule a project, it is 

useful to draw some analogies and comparisons of CPM and MRP. CPM is 
used to schedule the activities which compose a project., MRP has been 
used to schedule the assembly processes which result in a manufactured 
product. The following section will explain how MRP can be used to 
schedule the assembly of a non-manufacturing product (i.e., a civil 
engineering product).

Traditionally civi1 engineering projects have been modeled using 
activities which are graphically represented by means of a project net
work diagram. A project network diagram in circle notation (i.e., 
activity on the node) for a small project, which will be referred to as

44
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project X, is shown in Figure 11. A corresponding list of activity 
durations is shown in Table 1.'

Table 1. Activity Durations for Project X.

Activity Number Durations (Weeks)

1 i
2 1
3
4 1
s
6 1

MRP uses a model of a product, which is known as a product 
structure tree, to represent the order in which a product's components 
must be assembled and the quantities necessary to complete the finished 
product. In the case of a civil engineering project, the components 
which compose the product are activities. Because the activities which 
compose a project are each unique, the quantity of components (i.e., 
activities) needed to complete the product (i.e., project) is one of 
each activity.

By treating each activity as a component, it is possible to 
express a project network diagram as a product structure tree. For the 
small project X, the product structure tree would be as shown in 
Figure 12. However, this representation is not entirely correct. A 
simple cursory scan of the product structure tree reveals a requirement



Activity

Activity ActivityActivity Activity Finish

Activity

Figure 11. Network Model for Project X
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Activity Activity

Figure 12. Product Structure Tree for Project X



48
for three activity 6's when in reality, only one is required. This is 
because each activity in a project network is unique. This duplication 
in the model (i.e., requirements for more than One of a given activity] 
will be corrected in later computations.

A product structure tree is represented in MRP format as a 
series of entries in a bill of material. The bill of material for 
project X is shown in Figure 13. The bill of material for project X 
is a nongraphic representation of the product structure tree shown in 
Figure 12. Referring to Figure 12, Activity 1 is composed of Activities 
2 and 3. Thus, in Figure 13, Activity 1 is shown as an assembly com
posed of two parts: Activity 2 and Activity 3. The other entries in
the bill of material are likewise translated directly from the product 
structure tree (i.e., Figure 12).

In CPM, activities are assigned some deterministic time of 
duration. A list of durations for the activities of project X was shown 
previously in Table 1. In CPM, activity duration is the time required 
to complete an activity. The MRP analogy is the time required to 
acquire a component (or in this case, a completed activity) either from 
an outside vendor or by manufacturing it internally. The MRP analogy 
to an activity start date is a planned order release. Likewise, the MRP 
analogy to an activity completion date is a planned order receipt. When 
using the MRP technique, information such as item lead times is usually 
stored in inventory status records. The inventory status record repre
sentation of activity durations for project X is shown in Figure 14.
For each activity, the quantity on hand, lead time, and quantities on



Assembly 
Activity 1

Part

Activity 2 
Activity 3

Quantity

1
1

Activity 2
Activity 6 1

Activity 3
Activity 4 
Activity 5

1
1

Activity 4
Activity 6 1

Activity 5
Activity 6 1

Figure 13. Bill of Material Representation of the Product 
Structure Tree for Project X
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Part
Quantity 
on Hand

Lead Time 
(Weeks)

Quantity 
on Order

Schedule Receipt 
(Week)

Activity 1 o : 0 0

Activity 2 0 1 0 0

Activity 3 0 1 0 0

Activity 4 0 0 0

Activity 5 0 0 0

Activity 6 0 0 0

Figure 14. Illustration of the Inventory Records for Project X
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order are shown. For project X, all activities have a lead time of one 
week, hence the column labeled "lead time" contains I's. There are no 
activities on hand or scheduled for receipt (i.e., completion) so these 
columns contain zeroes.

Determination of a Late Start Schedule 
MRP systems are oriented towards generating late start schedules. 

This is because MRP time phases ordering of components such that they 
are expected to be received when needed and not before. Thus, when 
scheduling a project, MRP schedules activities to be completed when 
needed and not before (i.e., analogous to CPM late start). It is pos
sible to convert a MRP late start schedule into an early start schedule. 
This process is explained in the next section.

A late start schedule can be generated for project X as follows. 
As mentioned previously, the product structure tree for project X 
(refer to Figure 12) contained a requirement for three activity 6's. 
Because each activity is unique in a project network, only one Activity 
6 is required, so this duplication in the model must be corrected. This 
process is shown in Figure 15. Activities 2, 4 and 5 generate require
ments for Activity 6. Because one of these requirements occurs in a 
different time period, and only one order is to be placed for Activity 6, 
a decision must be made determining in which time period the order for 
Activity 6 should be placed.

In reality, what is required is that Activity 6 be completed 
before Activities 2, 4 and 5 are started. Thus, it is possible to 
correct this defect in the model (i.e., product structure tree) by
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Item #

Activity 1

Activity 2

Activity 3

Activity 4

Activity 5

Activity 6

On
hand

Lead Time 
(Weeks)

Gross requirements 
Scheduled receipts 
Available 
Net requirement 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Week
1 2 3 4 5

Figure 15. Illustration of Late Start Schedule for Project X
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scheduling Activity 6 to be completed just before the earliest of the 
late start requirements generated by Activity 2, 4, or 5. Referring to 
Figure 15, the earliest requirement for Activity 6 comes from both 
Activities 4 and 5 in time Period 2. There is really only one Acti
vity 6 and not three as shown (two in Week 2 and one in Week 3). After 
offsetting by the lead time (i.e., activity duration), an order for one 
Activity 6 is placed in time Period 1.

While generating the early start schedule, peg records are kept. 
These peg records will be used for the determination of a critical path 
and the generation of early start schedules. These two procedures will 
be explained in subsequent sections.

The peg records generated for use in project scheduling are 
somewhat different from those generated for manufacturing. In manu
facturing, the time period in which gross requirements occur is stored. 
In project scheduling, it is the time period in which the item's 
planned order release occurs which is stored. The reason for this will 
be explained in the section on determination of a critical path.
Figure 16 shows the peg records as generated during MRP calculations in 
computing the late start schedule for project X.

The peg records shown in Figure 16 are generated during the MRP 
calculations which produced the late start schedule in Figure 15. 
Referring to Figure 15, the planned order release for Activity 2 is in 
Week 3 and was generated by Activity 1. Thps, entry one in Figure 16 
contains Activity 2 as the item. Activity 1 as the parent, and 3 as the 
week. In the late start schedule (i.e.. Figure 15), Activity 3 has a
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Entry Item Parent Week

1 Activity 2 Activity 1' 3

2 Activity 3 Activity 1 3

3 Activity 4 Activity 3 . 2

4 Activity 5 Activity 3 2

5 Activity 6 Activity 4 1

6 Activity 6 Activity 5 1

Figure 16. Illustration of the Peg Records for Project X
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planned order release in Week 3 and the parent for Activity 3 is 
Activity 1. This is stored in Entry 2 of the peg records (Figure 16) 
as the item Activity 3, with parent item Activity -1 and Week 3. The 
rest of the peg records as shown in Figure 16 were generated in a 
similar fashion.

Determination of an Early Start Schedule
It is possible to generated an early start (ES) schedule using 

MRP. But this is done by first generating a late start (LS) Schedule 
and then modifying this schedule so that activities are scheduled to 
start as early as possible. In comparison, CPM allows for the genera
tion of an early start schedule without first generating a late start 
schedule.

For project X, the process of generating an early start 
schedule as shown in Figure 17 is as follows. First, the peg records 
(Figure 16) are scanned for the entry with the earliest time period.
This is found to be Week 1 for Activity 6 in Entries 5 and 6. Next, by 
scanning the bill of material (Figure 13), the parents of Activity 6 
are found to be Activities 2, 4 and 5. Referring to Figure 15, the 
planned order for Activity 6 is in Week 1. The gross requirement for 
Activity 6 is in Week 2 (lead time = 1 week). Therefore, the planned 
order releases for Activities 2, 4 and 5 can be as early as Week 2.
This means the gross requirements for Activities 2, 4 and 5 can be in 
Week 3 (lead time for Activities 2, 4 and 5 is one week). Referring to 
the bill of material (Figure 13), Activity 3 is the parent for Activi
ties 4 and 5. Because the gross requirements for Activities 4 and 5
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On
Item # hand

Lead Time 
(Weeks)

Activity 1 0

Activity 2 0

Activity 3 0

Activity 4 0

Activity 5 0

Activity 6 0

Gross requirements 
Scheduled receipts 
Available 
Net requirement 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases
Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Week 
2 3 4 5

Figure 17. Illustration of Early Start Schedule for Project X
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are in Week 3, as shown in Figure 17, the order for Activity 3 can be in 
Week 3, It follows that the gross requirements for Activity 3 can then 
be in Week 2.

Now, the gross requirements for Activities 2 and 3 are in 
Week 3 and 4 respectively. From the bill of material (Figure 13) the 
parent item of both Activities 2 and 3 is Activity 1. By offsetting 
according to the activity which occurs latest (i.e.. Activity 3), the 
gross requirement for Activity 1 is scheduled for Week 5 in Figure 17. 
Thus, the schedule shown in Figure 17 has been generated.

Determination of a Critical Path
The determination of an MRP generated critical path involves 

identifying activities which govern the completion date for the project 
in question. This is accomplished by the use of peg records. These 
peg records contain information regarding the time period in which the 
planned order release for an item (i.e., an activity) is scheduled, the 
item number, and the parent item which generated the gross requirement 
for the item. For project X, the peg records were previously shown in 
Figure 16.

The following is a brief description of how the critical path 
is determined from the peg records shown in Figure 16. Figure 18 is a 
graphic illustration of the concept of a critical path. Elements of the 
critical path are indicated by pairs of parallel lines which intersect 
each line connecting two critical activities. The process of deter
mining an MRP generated critical path as shown in Figure 18 is as 
follows. First, the peg records (Figure 16) are scanned for the entry
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Activity ActivityActivityActivityStart

Activity

Figure 18. Critical Path for Project X
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with the earliest time period. This is Week 1, generated by Activity 6 
in Entries 5 and 6. From Entries 5 and 6, it can be seen that 
Activities 4 and 5 are the parent items which generated the order for
Activity 6 in Week 1. Hence, it follows that Activities 4 and 5 are
elements of the critical path (refer to Figure 18). From this point on, 
the process is to chain backward through the peg records (Figure 16) 
until all the activities that eventually resulted in the order for 
Activity 6 in Week 1 are identified. From Entry 4, the parent for
Activity 5 is Activity 3. Therefore, Activity 3 lies on the critical
path (refer to Figure 18). From Entry 3 (Figure 16), the parent for 
Activity 4 is Activity 3. Finally, from Entry 2, the parent for 
Activity 3 is Activity 1. Therefore Activity 1 lies on the critical 
path. Thus, the elements of the critical path shown in Figure 18 have 
been identified.

Comparison of MRP and CPM Schedules 
Previous actions have outlined the procedure for generating 

early start (ES) and late start (LS) schedules by MRP. These schedules 
are shown in Figures 15 and 17. As mentioned previously, a planned 
order release is analogous to starting an activity. Likewise, a 
planned order receipt is analogous to completing an activity. Using 
these analogies, it is possible to make a time schedule from Figures 15 
and 17 which is similar to a CPM generated schedule. For example, 
referring to Figure 15, Activity 4's planned order release is in time 
Period 2 and its finish date is time Period 3.
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Using this process to determine start and finish dates for all 

activities in Figures 15 and 17, a schedule of start/finish dates for 
early start and late start schedules can be generated. This schedule 
is shown in Figure 19. Figure 20 shows a similar list of start/finish 
dates as generated by a CPM computer program (Appendix A). By comparing 
Figures 19 and 20, it can be seen that the results of scheduling project 
X by MRP and CPM are identical. This verifies the ability to schedule 
a project using MRP.

Thus far the simple example, project X, has not considered the 
resources required to complete the activities. The next section will 
deal with using MRP to schedule both activities and their associated 
resource requirements. Project X’s activities will be assigned resource 
requirements and then the activities and resources will be rescheduled.

Scheduling of Resource Requirements
In previous sections, no consideration has been given to 

resource requirements. This section illustrates the method for accumu
lation of resource requirements by incorporating these resource require
ments into the product structure tree. For example, consider project X 
and associated project network diagram which was previously shown in 
Figure 11. To illustrate how resources can be incorporated, the activi
ties will be assumed to require some resources Y and Z. These require
ments are shown in Table 2. It will also be assumed that two units of 
Y are on hand. The product structure tree which reflects these resource 
requirements is shown in Figure 21.
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Activity ES EF LS LF

1 4 5 4 5

2 2 3 3 4

3 3 4 3 4

4 2 3 2 3

5 2 3 2 3

6 1 2  1 2

Figure 19. Illustration of MRP Results for ES and LS 
Schedule of Project X
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Activity ES EF LS LF

1 4 5 4 5

2 2 3 3 4

3 3 4 3 4

4 2 3 2 3

5 2 3 2 3

6 1 2  1 2

Figure 20. Illustration of CPM Results for ES and LS 
Schedule of Project X



Table 2. Resource Requirements for Project X

Activity Resources Required

1 2Z
2 1Y,1Z
3 2Y
4 4Y
5 3Y
6 no resources



1 Unit 
Resource

Activity 2 Units 
Resource

Activity

ActivityActivity

Activity

1 Unit 
Resource

Activity

Activity 3 Units 
Resource

4 Units 
Resource

Activity

2 Units 
Resource

Figure 21. Product Structure Tree for Project X with Resource Requirements
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The process by which the resource requirements are aggregated 

and netted is shown in Figure 22. Activity 2 requires one unit of Y 
in Week 3 and Activity 3 requires two units of Y in Week 3. Thus, the 
gross requirements for resource Y in Week 3 is 1 + 2 = 3. Likewise, 
Activities 4 and 5 require four units of Y and three units of Y respec
tively in Week 2. Hence the gross requirement for 4 + 3 = 7 Y in 
Week 2.

Note that there are two units of resource Y presently on hand. 
Now, the net requirement for Y in Week 2 is computed by subtracting the 
quantity available at Week 2 (i.e., on hand plus receipts), which is two 
from the gross requirements (i.e., seven) to yield a net requirement of 
five. Because there is a lead time of one week to acquire units of 
resource Y, the order for five units of Y is offset and placed in Weekl.

The net requirement for resource Y in Week 3 is computed by 
subtracting the quantity available from the gross requirements. Thus, 
the net requirements is 3 - 0 = 3. There are zero units of Y in stock
at Week 3, because the two units originally on hand were used in
Week 2, and no additional units of resource Y were received prior to 
Week 3.

CPM could have been used to generate the information shown in 
Figure 22. This could be done by the addition of resource accumulation 
techniques to the basic CPM technique. CPM could also have been used
to schedule the ordering of resources since it was known that no re
sources were expected to be received. This would be done by including 
activities for the ordering of resources in the project network diagram.
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Item f

Activity 1

Activity 2

Activity 5

Activity 4

Activity 5

Activity 6

Resource Y

Resource 2

On Lead Time 
hand (Weeks)

Week
5

Gross requirements 
Scheduled receipts 
Available 
Net requirement 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

Gross requirements 
Scheduled receipts 
Available 
Net requirements 
Planned order receipts 
Planned order releases

3+4=7 1+2-3

2

Figure 22. Illustration of Late Start Schedule for Project X with 
Resource Requirements
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But CPM could not have been used to generate the information 

shown in Figure 22 under certain circumstances, For example, if two 
units of resource Z had previously been scheduled to arrive in Week 3, 
it would not be necessary to order two units of resource Z in Week 2. 
Because CPM has no inventory records, it cannot determine if an order 
should be placed or for how much. Once an activity for ordering re
sources is incorporated into the project network diagram, CPM will 
schedule the ordering of resources without regard to present or future 
inventory supplies of the resource in question unless this is done by 
the scheduler. In this simple example, if two units of resource Z were 
scheduled to be received in Week 3, CPM would not consider this fact 
and (if an activity for ordering two units of resource Z were included) 
would schedule the order for two units of resource Z in Week 2. MRP 
could be used, in this case, to correctly generate orders for re
sources. This is because MRP considers present and future inventories 
(to the extent that future inventories are known) when deciding when to 
order and how much.

It can be argued that by adding inventory records to CPM, it 
could be used to decide if resources should be ordered, and if so, how 
much of each resource should be ordered and when. If this were done, 
then CPM could be used to schedule the procurement of resources. How
ever, it can also be argued that this type of approach has implicitly 
incorporated the MRP technique.

Figure 22 is a schedule for the acquisition of needed resources 
and the completion of project X. Previous sections have explained how
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to translate a material requirements plan into a schedule. When 
resources are ordered, there is a slightly different interpretation.
For example, in Figure 22, the planned order release for one unit of 
resource 2 is in Week 1 and the gross requirements for one unit of 
resource Z is in Week 3. This corresponds to a procurement time for 
resource Z rather than an assembly time.

Consider Activity 2, shown in Figure 22. The planned order 
release is in Week 3. The gross requirement for Activity 2 is in 
Week 4. This corresponds to starting Activity 2 in Week 3 and complet
ing in Week 4. Now Activity 2 requires one unit of resource Y and one 
unit of resource Z (refer to Table 2) to be available before starting 
Activity 2. The material requirements plan (Figure 22) shows that the 
one unit of Y will come from an order for three units of Y which has a 
planned order release in Week 2 and a planned order receipt in Week 3. 
Also, the one unit of resource Z required by Activity 2 has a planned 
order release in Week 1 and a planned order receipt in Week 3. Thus, 
the one unit of resource Y and one unit of resource Z are scheduled to
arrive prior to the start of Activity 2.

It can be seen from this simple explanation of Figure 22, that 
there are two types of lead times: those which pertain to acquisition
of resources and those which pertain to the actual processes of complet
ing an activity. Once the resources are present, it takes one week to 
complete Activity 2. If resource Y must be acquired, it takes one week. 
If resource Z must be acquired, it takes two weeks. Now,, if resources
Y and Z must be procured, then the total time required to complete
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Activity 2 is the sum of the time necessary first to acquire the 
necessary resources and second, to complete the activity. In this case, 
the longest resource acquisition time is two weeks for resource Z. The 
time required to complete Activity 2 when all resources are present is 
one week. Therefore, the time required to complete Activity 2 (includ
ing the acquisition of resources) is 2 + 1  = 3 weeks.

If it is assumed that CPM activity durations contain (implic
itly) some time for resource procurement, then MRP can be used to break 
the activity duration down into its components of various resource 
acquisition times and the time required to complete the activity after 
all resources are procured. This type of breakdown is shown in 
Figure 23 for the previously discussed Activity 2.

In cases where CPM has been used to schedule activities which 
include procurement time for resources in activity durations, MRP has 
the potential for an important benefit. By breaking down the activity 
duration into its components, some overlapping can be achieved between 
the preceding activity and the procurement of resources. This may 
shorten project durations for some projects if Overlapping can be 
.achieved on critical activities. If CPM activity durations do not 
include resource procurement times, then the benefits of shortening 
project duration will not be achieved. However, other benefits of 
using, MRP may be realized. These are discussed in Chapter 7 (Benefits 
and Limitations of MRP).
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2 Weeks
Acquire 1 Unit 
of Resource Z

1 Week
Acquire 1 Unit 
of Resource Y

1 Week
Complete Activity 2

3 Weeks Total Activity Duration

Figure 23. Breakdown of Total Activity Duration for Activity 2



CHAPTER 5

ANALYSIS OF INFLUENCE OF PROJECT SIZE

This chapter presents a description and discussion of the re
search that was undertaken to determine the effect of project size upon 
MRP scheduling effort. First, the method of data collection is dis
cussed. Second, the results of the data collection process are pre
sented and discussed. Third, the development and practical usage of an 
MRP computer program used for the data collection process is discussed.

Method of Data Collection
To test the effects of network size upon MRP computational 

effort to schedule'a project, five hypothetical project network diagrams 
were devised. These network diagrams contain varying numbers of activi
ties, some of which require resources. The intention was to schedule 
these artificial networks with a MRP computer program and note any 
possible relationships between network size and computational effort in 
scheduling.

Logic dictates that one factor which could affect the computa
tional effort for MRP scheduling is the number of unique components 
(i.e., project size) to be scheduled. In project scheduling, the 
components are either activities or resources. Thus, in devising the 
artificial networks to be scheduled, the number of components were 
varied in an effort to measure the effects of project size. The net
works varied in size from 26 items to 201 items. The 26 items which

n
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composed the smallest network consisted of nine activities and 17 
resources. By adding activities and resources to this small network, 
the network model was expanded to create the other four hypothetical 
projects.

Using the procedures previously outlined the five hypothetical 
projects were input to an MRP computer program, scheduled and timed.
The scheduling of each project consisted of generating a late start 
schedule and a critical path for each project. The scheduling effort 
was measured by recording the execution time printed on each computer 
output.

Other scheduling tests (e.g., generation of early start 
schedules) could have been devised; however it was not anticipated that 
any significant additional information would be gained. Because a late 
start schedule must be generated prior to generating an early start 
schedule and a critical path is generally considered very useful, the 
scheduling process chosen to test MRP computational effort was the 
generation of late start schedules and critical paths for each project. 
The results of the scheduling process are presented and discussed in the 
next section. ’

Scheduling Results
Scheduling the five hypothetical projects of varying sizes 

produced the following computer execution times: 26 item network, .365
seconds; 51 item network, ,823 seconds; 101 item network, 1.551 seconds; 
151 item network, 3.048 seconds; and 201 item network, 4.387 seconds. 
These results are expressed graphically in Figure 24.
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Figure 24 shows a visibly discerible trend between the number 

of items (i.e., activities and resources) and the computational effort 
required to schedule a project with MRP. This trend appears to suggest 
a somewhat linear releationship between the number of items and the 
computational effort required to schedule a project network. The 
apparent linear relationship implies that MRP may be feasible for use 
in scheduling large networks. If the relationship had been found to be 
exponential, for example, then the practicality of using MRP to schedule 
large projects would be doubtful.

For projects of even moderate size., the number of computations 
required for MRP necessitates the use of a computer, The major cost of 
using a computer is usually the service charge for use of the computer 
rather than costs of preparing input. This is why emphasis is placed 
on measuring the amount of computational effort required to schedule 
with MRP.

Development of a MRP Computer Program
The first MRP computer program (Appendix B) developed for this 

Study utilized a large random access data file to store data generated 
by the processes of exploding, netting, and ordering. This approach 
proved very costly when applied to scheduling the two smallest projects. 
The high cost associated with running the program was due to the method 
used to compute user charges based on execution time and disk I/o.
Since part of the intent of this thesis was to develop a basic program 
which could be expanded for further future research, such a costly 
program was considered undesirable.



75

For this reason, the program was abandoned, and a second version 
developed which stored the explosion netting and ordering data in core 
as opposed to the aforementioned data file. This approach proved far 
less expensive; however the size of project and number of planning time 
periods were restricted to a maximum of 300 activities and resources 
with 20 time periods. This was necessary to fit the program into the
130.000 octal words of core available.

Computer Memory Requirements
On the University of Arizona computer (CDC Cyber 175), the 

amount of central memory (core) required to execute the MRP program is
130.000 octal words. This core requirement is based on the program's 
storage requirement for the capability of scheduling up to a maximum of 
300 components in 20 planning time periods.

This core requirement (130,000 words) is a relatively large 
amount of computer core. Most universities have computers with more 
core capacity than private industry. Therefore, it is questionable 
whether many companies would be able to use MRP as a tool for scheduling 
moderate to large projects, unless they resort to leasing time on a 
large computer.



CHAPTER 6

BENEFITS AND LIMITATIONS OF MRP

The subsequent sections deal with the benefits and limitations 
of MRP as a project scheduling tool. Also, some comparisons are noted 
between CPM and MRP with regard to applications in civil engineering.

Benefits
In addition to generating early start and late start schedules 

which are identical to CPM generated schedules, MRP can schedule the 
procurement of resources. MRP does this by computing the gross require
ments, net requirements and planned orders for each resource require
ment .

The CPM technique has been expanded to incorporate resource 
requirements scheduling capabilities. Using these programs, it is 
possible to generate resource requirements profiles. CPM can also be 
used to schedule the ordering of resources simply by adding activities 
for the ordering of resources to the project network diagram. However, 
the CPM technique does not have the information necessary to decide 
whether or not a resource needs to be ordered. Because CPM has no 
provision for keeping records of orders and receipts of resources or 
the availability of resources, the CPM technique cannot be used to 
compute the net requirements for resources. In contrast, MRP keeps 
inventory records for receipts and item lead times, so MRP can compute 
net requirements and schedule the ordering of resources if needed.

76
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If inventory data regarding resource availability were readily 

available, CPM could be used to determine if resources should be ordered 
(i.e., demand for resources exceeding availability in some time period). 
Furthermore, if a lead time for procurement of each resource type is 
known, it would be possible to use CPM to schedule the ordering of 
resources by including activities for ordering resources. A CPM tech
nique which performed calculations to determine if resources should be 
ordered, how much of each resource should be ordered, and when it 
should be ordered would actually be performing MRP calculations. The 
process of determining what to order, how much and when, is the very 
essence of MRP. If the CPM technique is modified to incorporate 
inventory records, the computation of net requirements and scheduling 
of resource orders, then it can be argued that CPM has implicitly 
incorporated MRP.

MRP's major benefits are its ability to determine the net 
requirements for resources and to schedule the procurement of these 
resources such that the resources are expected to arrive when needed 
and not before. One benefit of MRP, when using a computer, is that 
once an activity (e.g., pour concrete footings) is defined as a bill of 
material, it can be stored on the computer. In the future, if another 
project is scheduled which uses this particular activity, the bill of 
material can be recalled, thereby reducing the amount of input to the 
computer program. CPM computer programs with resource allocation 
capabilities must have the resources defined for each activity in a
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project regardless of whether or not the activity has been defined in 
previous projects which were scheduled.

In manufacturing, MRP seems to be best suited to situations 
where an ongoing concern deals primarily in standard products which are 
paid for when completed and sold. It would seem logical then, that 
when similar conditions in civil engineering exist, MRP would have the . 
greatest potential for application. One example of this type of 
situation is home construction. The products are, for the most part 
standard. Resources must be scheduled and purchased; payment is 
received when the product is completed and sold. As with the manufac
turing environment, the home builder gains nothing (in terms of progress 
payment) for completing activities earlier than needed. Also, the 
financial investment is high, and it is desirable to minimize the amount 
of money invested in materials, etc. In this type of situation, as with 
manufacturing, a late start shcedule is preferable over an early start 
schedule. This is because of the payment scheme being a lump sum at 
the completion and sale of the product.

If a different payment scheme were used for a project, such as 
progress payments, an early start schedule may become more desirable 
than a late start schedule. Unlike most manufacturing situations, 
progress payments are a common method of payment for many civil 
engineering projects. For projects where progress payments are made, 
it is generally desirable to complete activities as soon as possible 
to receive payments for work completed. Also, by completing activities 
as early as possible, a certain margin of safety can be created against
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delays (e.g., bad weather) which might cause project duration to exceed 
its scheduled date resulting in .penalty costs. MRP can generate early 
start schedules and orders for resources. If payments are made as 
activities are completed, then MRP could be used to schedule activities 
for early start and order resources accordingly. The ability to 
generate both early start and late start schedules could be useful.
These two types of schedules form a boundary for the cash outflows 
required by the set of all possible schedules. Thus, an early start 
schedule and late start schedule would aid the scheduler in locating a 
feasible schedule which would minimize financing costs for the project 
in question.

Limitations
One limitation of MRP stems from the estimates of activity 

duration used in creating a network model. These estimates of activity 
duration are made by the project modeler based upon some estimates of 
resource availability (e.g., crew sizes, etc.). Because MRP has no 
provision for determining optimal activity duration based upon resource 
availability, MRP has no advantage or disadvantage vis-a-vis CPM in 
this regard. Just as CPM project network models contain some implicit 
estimates of resource availability, so does MRP. Thus, an MRP sched
ule, like a CPM schedule, is no better than the estimates which were 
used to define the project model.

Another limitation which MRP Shares in common with CPM stems 
from the basic assumption that the order of assembly can be clearly 
defined. In manufacturing, there may be alternate ways to assemble a
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product. For example, in building a car, window glass must be put into 
the doors. The glass can be put into the door either before the door 
is on the car or after the door is on the car. Both are viable methods 
for assembling part of a car, but the product structure tree which 
shows the order of assembly is different depending upon when the glass 
is installed.

It would appear that CPM does not have this restriction. How
ever., if the activities cannot be overlapped (e.g., in the car door 
example, glass cannot be installed while the door is being installed), 
then the order of assembly must be known to draw a project network 
diagram. Thus, for purposes of evaluating alternative technologies as 
applied to a given project, MRP has the basic limitations as CPM.

In many civil engineering projects, especially construction, 
resources are purchased by means of a contract. For those resources 
which have a very short lead time (e.g., concrete) MRP scheduling has 
very little benefit. For example, in building construction if the 
building contractor has a purchase contract with a supplier for con
crete, it may be sufficient to let the jobsite supervisor phone orders 
to the supplier a few hours in advance of the need. This type of 
situation does not require a great deal of Sophistication in scheduling 
of resource procurement; it is sufficient to order by human judgment 
shortly before resources are needed. In this example, MRP would have 
very little benefit to the contractor. The supplier however, could 
benefit from the advance notification of a contractor's concrete orders 
which can be obtained by using MRP.
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Other construction applications may have different character
istics which would require more sophisticated resource scheduling 
schemes. Consider an example where a building contractor is erecting 
a multistory steel structure in a congested urban area. If jobsite 
space is limited, the ordering of resources may become a matter of 
great importance. If hot rolled structural steel shapes are to be used 
in the construction of the building, they must be ordered from a mill. 
This generally involves a lead time of a few months even for common 
structural sections. Without benefit of jobsite storage, the hot rolled 
structural sections must be scheduled to arrive when needed for immedi
ate use.. Furthermore, the exact time of need for the structural 
sections may be difficult to determine due to future uncertainties.
One reason for uncertainty of the schedule date for erection of the 
steel members is that preceding activities may be delayed by bad 
weather. In such a case, orders for items which must arrive when needed 
and not before, must be rescheduled. In this situation, MRP would be 
useful. Because MRP is oriented towards scheduling resources it is 
well suited to determining what planned shipments of resources would be 
affected by delays in preceding activities and to determining what 
shipments of resources should have delivery dates changed.

It would seem that MRP is restricted to utilization by a 
computer because of the large number of computations necessary for 
scheduling all but very small projects. In comparison, CPM would seem 
to be applicable to hand calculations for somewhat larger projects 
than MRP. Thus, in situations where scheduling is to be done by hand, 
CPM would appear to be more desirable than MRP.
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This research did not address project scheduling with resource 

constraints. Most projects have some type of resource availability 
constraints which must be considered in scheduling. Capacity planning 
techniques have been incorporated into MRP for use in production 
scheduling (manufacturing). These techniques have been demonstrated as 
being effective for purposes of generating schedules which reflect 
resource constraints. It would seem logical that because these capacity 
planning techniques are applicable to production scheduling, they could 
be applied to project scheduling in civil engineering.



CHAPTER 7

CONCLUSIONS

This study has answered some questions regarding the application 
of MRP to project scheduling in civil engineering. This chapter pre
sents the conclusions drawn as a result of the study. By scheduling a 
small project, the methodology for expressing a project network diagram 
in terms of a bill of material and inventory status records in MRP 
format was presented. The research also demonstrated the methodology 
for determining a critical path from MRP output as well as two types of 
schedules that can be generated by MRP; early start and late start.

The projects which were scheduled to analyze the effects of 
project size upon computational effort indicate the need for more re
search regarding the use of MRP computer programs for project scheduling. 
Most practical civil engineering scheduling problems are large enough 
that a computer would be necessary to effectively utilize MRP. The 
results of scheduling some artificial networks indicates that the use 
of MRP computer programs might be expensive. However, some of the 
computations performed by the MRP computer program are unnecessary. At
present, the netting process is performed for each time period, of each 
item. For those time periods where the gross requirements are zero, 
this computation is not necessary. These redundant calculations may 
have distoted the execution time data gathered by scheduling the hypo
thetical networks.

• S3
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The apparent linear relationship between the number of items 

and computational effort suggests that MRP is practical for scheduling 
moderate to large civil engineering projects. The methodology for 
scheduling a civil engineering project composed of activities and re
sources has been demonstrated. In summary, it can be said that MRP is 
applicable to scheduling civil engineering projects from both conceptual 
and practical standpoints.



CHAPTER 8

SUGGESTIONS FOR FUTURE RESEARCH

This is a preliminary research endeavor into applying MRP to 
project scheduling. Several areas need to be investigated to be able 
to determine MRP's full potential as a scheduling too. This chapter 
presents some suggestions for future research which would expand upon 
the body of knowledge developed as a result of this thesis.

There is a need for more research to find ways to reduce the 
computational effort involved in using MRP. The few networks scheduled 
indicate that unless more efficient MRP. computer programs can be 
written, MRP may be too costly to use on large scheduling problems. In 
particular, it would seem that the netting process which performed for 
each time period is not necessary for those time periods which have zero 
gross requirements. One approach which could be used is to eliminate 
these computations when the gross requirements are zero in a time 
period. Another approach might be to merge the CPM and MRP techniques. 
This would involve using CPM to generate start/finish dates for 
activities and using MRP to perform netting and ordering of resources.

Another area which merits investigation is multi-project 
scheduling. MRP, when used in manufacturing, is generally used to 
schedule the production of several different products within a given 
time horizon. The analogy to this in civil engineering is multi-project 
scheduling where several projects are scheduled within a given time

85
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horizon. As the number of projects increases within a given time hori
zon, it is expected that MRP- would be performing less redundant computa
tions (i.e., netting for items with zero gross' requirements). Thus, it 
would be anticipated that MRP would be more efficient at multi-project 
scheduling than single project scheduling. Research should be under
taken which would determine if MRP is more suitable for multi-project 
scheduling than single project scheduling.

If research shows that multi-project scheduling is feasible, 
there may be applications in civil engineering. For example, a 
contractor who builds homes and apartments might find use for MRP in 
scheduling the construction of land developments and apartment complexes. 
Many of the tasks involved in this type of work would be repetitious, 
and the resources used would essentially be common to all projects. In 
this type of situation, MRP might be useful to schedule quantities of 
common resources needed for a given time period (e.g., a month). These 
resources might be items such as lumber, various categories of labor 
(e.g. , carpenters, plumbers, electricians, etc.) conduit, wiring, plumb
ing fixtures, appliances, paint, etc.

It has been demonstrated that a critical path can be identified 
in MRP output. If resource constraints were present, the concept of a 
critical path might not be valid. Research is needed to determine if 
MRP could be used to identify a critical sequence of components which 
need not be connected on a project network diagram.. Also, the methodol
ogy for incorporating resource constraints must be developed if MRP is 
to be used for practical problems. Research in this area could



initially be directed towards adapting capacity planning routines used 
by MRP to aid the MRP user in generating schedules which are capable of 
being executed with existing production facilities.

Another area where research is needed is a comparison of 
scheduling effort for MRP vs. CPM. If MRP requires substantially more 
computational effort than CPM to schedule some projects, then research 
should be conducted to determine if there is some criteria, such as
project size, which could be used to predict which method (ie., CPM or
MRP) would be more efficient. This would be useful for determining in
what areas of civil engineering MRP might be applied.

Research could be undertaken to identify the areas in civil 
engineering where MRP would be most beneficial. It would seem that MRP 
would be most beneficial to the ongoing concern which undertakes 
projects of a similar nature and utilizes many of the same activities 
on project network diagrams from project to project. An example might 
be a construction company which builds retaining walls. Once the bill 
of material is defined for a retaining wall (perhaps on a lineal foot 
basis), it would not be necessary to redefine a bill of material for a 
retaining wall each time a project was scheduled which required one.



APPENDIX A

CPM, A FORTRAN IV COMPUTER PROGRAM FOR PROJECT SCHEDULING BY CPM
C
C
:
C SOLUTION OF- THE PRECEDENCE DIAGRAM
C USING CRITICAL PATH METHODS,
C
C
C VARIABLES
C
c — ACTIVITY LABELS
C I S ^ — SEQUENCE LINES
C IES«*— ^EARLY START
C ' IEF— NEARLY FINISH 
C LFS-— LATEST FREE START
C ils-^— LATEST START
C ILF^ ^LATEST FINISH
C IACTD^— ACTIVITY DESCRIPTIONS
C XADUR— ACTUAL ACTIVITY DURATIONS
C
C SPECIFICATION STATEMENTS
C
C

INTEGER ApBpCpDpEfFpG
DIMENS ION IA(500)pIES(500)pIEF(500)p LFS(5001pILS(500)pILF(500)p 

1 IDUR ( 500) p I AOUR( 500) pKIR ( 500.) p ID (4p 500) pi SC 750 ) p 
Z JESC50)
DIMENSION IPRtNTClOO) ,IACTD(4)

c . .C INITIALIZE FOR NEW PROJECT INFORMATION
C READ PROJECT'IDENTIFTCATIONp PROGRAM OPTIONS AND STARTING DATE
C

RE AD < 5p1001)ICHARTp JCHARTp J5p J4 
WRITE(6p9222) ICHARTpJCHARTpJ5pJ4 

9222 FORMAT(//p10Xp”ICHARTpJCHART = «p2I6p /p
* 10Xp”J5pJ4”p2Xp2I3p //) 
lERRORnO
IF(EOF( 5)) 308O p 3061 

3081 WRITE (6p1001)
K=1 
L »0

3004 IES(K)s—x
ILF(K)=99999

C ''

CC READ ACTIVITY CARDS
C WRITE ACTIVITY DESCRIPTION ON TAPE
C

99 READ (5,1002) IA(K),KIR(K), lADUR(K), (ID(Ms>K >» M = 1, A) , ( JES (12) ,
* I2=lf4),1C,IPC,ISES
WRITE(6,9004) IA(K),KIR(K), IADOR(K), (ID(M,K), M=l,4),(JES(12),

* 12=1,4),IC,IPC,ISES
9004 FORMAT(/,1OX,16,12,I4,4A8,4X,416,Al,13,14)

IF (KIR(K)) 11002,11003,11003 
11002 XIR(K) * 99

88



11003 808 5 C

8087

8089 
C

C
8090

8092
C

992

993

994
995
401

400
C
C
C

C
C
c
402

1048

C
3005

30051

30053

30054
3C052

3 002
C
C

. 1029 

9005

IF CKIR(K) oEQo99) S090i>8085 
KA=K-1

DUPLICATE ACTIVITY LABEL TEST
DO 8089 KB=1,KA 
IF(KB»GT»KA)GO TO 992 
IF C1A(K) oEQo IA ( K 3 ) ) 8.0 87 ? 80 8 9 
WRITE (6*8088) XA(K)
IERROR = TERROR + 1
GO TO 99
CONTINUE

GO TO 992
NO DUPLICATE ACTIVITY LABEL TEST

DO 8092 KC31*K 
KAsK^KG ■
IF (IA(K)o EQ oIA(KA))992p 8092 
CONTINUE

WRITE (698093) IACK)
TERROR a XERROR+1 
GO TO 99 
I DU R ( K ) ® X A DU R ( K )
IF ( IRC) 993* 995? 994
X DUR(K ) = (X DUR CK)*IA BS(IPC)) / 100
GO TO 995
IDUR(K) = IPC
IF (XSES)400*40Op 401
XES(K)=ISES^1
IEF(K)=XSES>1DUR(K)
CONTINUE

FIND CARD FOR LAST ACTIVITY 

IF(JES(l)oEQoO) 3000*402

NOT LAST ACTIVITY, CHECK THIS ACTIVITY

JES(1)=-JES(1)
K = K + 1
IF (K o LE « 2000) 3005,1048 
WRITE (6*1050)
GO TO 3080

DO 3 002 8=1*4
IF (JEST B).EQ. 0) 3004,30051 
L = L + 1
IF (IACK) oEQ* JES(B) ) 30053,30054
X ERROR * X ERR OR 1
WRITE (6,30055) IA(K )
GO TO 99
IF (L « LE«3000) 3002*30052 
WRITE (6*1051)
GO TO 3080 
IS(L)=JE5( 3)

FINISH INPUT OF FOLLOWING ACTIVITIES

IF(IC « EO o10H )3004*102 9
READ(5,1003) (JES(C ),C=l*4),IC 
WRITEX6*9005) (JES(C )*0 = 1*4) *IC 
FORMAT(58X*416,All
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C CHECK FOR ERRORS IN THE NETWORK
C
3000 CONTINUE

C
C MISSING ACTIVITY TEST

00 3006 0=1*1
A = XABS(tS( o n  

C '
00 3007 E=1*K
- IF CIA( E) oEQo A ) 3006, 3007

3007 CONTINUE 
C

IERRORsIERROR+1 - 
WRITE (6,1004) A 

3006 CONTINUE 
C
c
C
C MISSING FOLLOWING ACTIVITY TEST

DO 3008 F*2j>K
c

DO 3009 G=1,L
IF (IA( F)o EQoIASS(IS( G))) 3008,3009 

3009 CONTINUE 
C

IE R R 0 R =IE R R 0 R +1 
WRITE (6,1005)IA( F)

3008 CONTINUE
q . '•v' : ■ " • ...

WRITE (6,1006)TERROR 
IF (IERROR)3090,3090,3091 

3091 GO TO 5900
C
C IF NETWORK HAS NO ERRORS DETECTED, PROCEED,

‘ "  '

C
C CALCULATION OF EARLY START AND EARLY FINISH SCHEDULE
C
3090 IE S(1)sO

IEFC1)sTOUR(1)
WRITE(6,9632) K,L 

9632 FORMAT (/ /, 10X,9®K = M, I8,2X, = ",I8,//)
LOOPsQ 

3011 IR = 0:c=o
LOOP=LOOP>1 
WRITE(6,9039) LOOP 

9039 FORMAT (2X,-«LQ0P = ”,110)
C CHECK FOR A LOOP IN THE NETWORK

IF ( LOOP o-LTe 100) 3040,5886 
5886 WRITE (6,5888)

GO TO 5900
C IF ONE HAS NOT BEEN DISCOVERED REVISE THE EARLY



c3040
5 885 
5884 
3.022 C

3023
3024

START AND
00 3012 11=1,L
IF (15(11),LT.0)5885,5884
IR = IR +1
IF (IES( IR ) ) 30.12j> 3 0 22 ? 3022 
A«X ASS'C ISC II) )
DO 3014 12 = 1, K 
IF (IACi2)^A) 3014,3023,3014 
IF (IES(12)oGE»IEF(IR)) 3014,3024 
iES(X2)»IEFCIR)IE F(12)31E S(12)+1D UR(12)
IF(LOOPe GE ® 2 0) WRITE!6, 9707 ) IA ( I2)

FINISH SCHEDULE.

9707 FOR M A T (12 X , IA 
IC»1- CONTINUE

• 17)
3014
C
3012 
C
C
3013 C
CC
C
C

3029
C
C

C30291
30292
30293
30294 
30296

3031
C
3030
CC
C
C
C
CC3049

CONTINUE

IF (103013,3013,3011 
ITOTAL=IEF(K)

CALCULATION OF LATE START AND LATE FINISH SCHEDULE
ILF(K)oXTQTAL 'ILS(K)2 1LF(K)—IDUR(K 5 
I1=K+1
xc=o .

DO 3030 M=2,K 11=11-1iR = 0
IF (ILF(11)oEQo99999) 3030,30291 
0.0 3031 12 = 1, L
IF (IS(12)eLToO) 30292,30293 
IR 3 IR +1
IF (I ACID o NE « TABS(IS(12)))3031, 30294 
IF (ILS(Il) .GE.ILFdRD 3031,30296 
ILFCIRr*tLSCil)IL S (1R ) s ILF (IR) -IDUR (IR)IC-1
CONTINUE
CONTINUE

IF (103049,3049,3029

CALCULATION OF FREE FLOAT
CONTINUE
DO 9100 XX *1,K
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LFS(II)=0
IF (ILS(Il) oGT.IESCl) ) 30491,9100 

30491 LFS (ID «' 99999
9100 CONTINUE 
C IR = 0
C

0 0 3050 II = 1,L
IF (15(11)eLT»0) 9101p 91029101 I R « I-R > 1

9102 IF (ILSdRT^IESCIR) )3050p3050p3051
3051 AslASS CIS(11))
C

DO 3052 12=2,K1 F (IA ( 12) « NE A ) 305 2, 30515 
30515 IC*XES(12>-XEF(XR)

IF. (IC oGEo.LFS C IR)) 305Op 9105 
9105 L FS (IR )31C 

GO TO 3050
3052 CONTINUE 
C3050 CONTINUE 
Cc .

I5W6=1
IF U4oLEoO) 2002,448

C
C
C ORDERING ACTIVITIES BY EARLY START OR TOTAL FLOAT USING SHELLSORT• 
C
448 CONTINUEC

C . PROCEDURE SHELL SORT 
C

11 = 1485 IF (lloGToK) 451,4852 
4852 11=11 + 11

GO TO 48 5 
451 M=I1-1
475 M3M/2
C --BUBBLE SORT IS UPSIDE DOWN, SO M=0 WHEN XT”S FINISHED«

IF (M»EQo0) 9006,4751 
4751 12 =K-N "

DO 452 4s1,12 1 = 4
C

DO 453 13 = 1,4,M
IF (1SW6® LE:« 1) GO TO 7080 
IF ( KIRCID-KIRCI) ) 5352,452,452 

7080 IF (44»NEal) 4753,4755 
4753 IF ((ILS(XI) —IE S(II))“(ILS(I)-IES(T) 5 ) 5352,452,452 
475 5 IF (I ES C II)-IES <ID 5 3 52,4 5 2,45 2 
5352 IC=IES(1)

I R= ILS CD 
A=IA(I)
14=1 AD UR (I)



I5=LFS(I)
DO 9900 11 = 1,4

9900 IACTDCIZ) = ID.CIZ,!)
ITEMP = KIR(I)
IE5Ci)=IES(Il)ILS(I)°ILS(II)
XA<X)=XA(I1)
XADUR(I)=IADUR(I1)
LFS(1)=LFSCI1)
DO 9901 IZ » 1,4

9901 £D C XZ,I) = IDCXZp II )
-KIR til -« KIR (ID
IBS(II )®IC 
ILS(II)*IR IA(I1)=A 
IADUR (I D  s 14 
LFSC1D«15 
DO 9902 IZ = 1,4

9902 ID(IZ,I1) = XACTDCXZ)
KIR(II) ■ ITEMP

453
C
452 CONTINUE
Cc

GO TO 475 
9006 CONTINUE 
2002 CONTINUE

XF(ISW6.GE.2) GO TO 6000 
DO 5889 M=1,K 
t BF { M ) •«*IE S'( M )'+1 ADUR ( M ) •

5889 LFS(M)=IES(M)-hLFS(M)
C
C

c
c REMOVE SUPRESS ION OF CRITIC AL ACTI VITIES, SUPRESS NON
C CRITICAL ACTIVITIES WITH SAME LABEL
C
C
C
C

DO 8100 K E °1,K 
IF (KIR(KE).EG.99)8095,8100 

8095 IF (ILS(KE)— IES(KE )) 8100,8096,8100 
C
8096 DO 8099 KG*1,K

IF (IA(KE)oEQolACKG)) 8097,8099
8097 IF (KIR(KG) «NE<,99) 8098,8099
8098 KIR(KE)»KXR(KG)

• KIR(KG)=99
GO TO 8100

8099 CONTINUE .
C
8100 CONTINUE 
C
c

X F {J5 «NE.1« AND« J5« NE o 2) GO TO 53 55 
LIN = 51

C



94

C- -PRODUCE A UNDATED MASTER SCHEDULE .DO 5356 M=1»K 
iTF.= ILS( Ml —IESC M)
IFF = LFS< M)—IES(M)
IF (KIR(M).EQ.99) 5356,30501 

30501 IF (LIN^SO)5358,5358,5357
5357 LIN = 0

WRITE (6,1000)
WRITE (6,1001)
WRITE (6,903)
WRITE (6,1956)

5358 ICRIT=4H*
IF (1TF.GT.0) 30505,30506

30505 ICRIT = 4H A
30506 I PRINT(1)°IES(M)+1 IP RINT(2) = IE F(M)*1 

I PRINT(3)eLFS(M)+l 
IPRINT(4) = IPRINT(3)-i-IADUR(M)IPRINT(5)sILS(M)+1 
I PRINT(6) = IPRINT(5)+1ADUR(M)WRITE (6,5359)IA(M),IADUR(M),ICRIT,(ID(11,M) ,11=1,4),1 (IPRINT(II),11=1,6),IFF,ITP
LIN=L1N+1 

5356 CONTINUE 
C

WRITE (6,904)ITOTALC
5900 CONTINUE 
5355 CONTINUE 
6000 CONTINUE 3080 STOP
903 FORMAT (AllH ACTIVITY,9X,31HACTIVITY DESCRIPTION,17X,8HEARLIEST 

1,15X,IIHLATEST FREE,15X,6HLATEST,9X,10HFREE TOTAL / 16H LABEL DUR 
2, CR 39X15HSTART FINISH,9X,15HSTART . FTNISH,9X» 29HSTART 
3FINISH FLOAT FLOAT)904 .FORMAT '(lH0,49X,18HPR0JECt COMPLETION,19)

1000 FORMAT ("I",/)1001 FORMAT (60H
.1 1214,611, 312)1003 F0RMAT(48X,416,A1)

1002 FORMAT(16,12,14,4A 8,4X,416,Al,13,14 )
1004 FORMAT(10H ACTIVITY ,16,21H HAS NO ACTIVITY CARD)
1005 FORMAT (10H ACTIVITY ,16,31H SHOULD BE A FOLLOWING ACTIVITY)
1006 FORMAT (31HCNUMBER OF ERRORS IN NETWORK IS,15)
1050 FORMAT (ZOHOTGO MANY ACTIVITIES)
1051 FORMAT (24H0T00 MANY SEQUENCE LINES)
1956 FORMAT (IX,131(1M— ))
5359 FORMAT (IX,16,15,2X,Al,4A8,4X,18,I10,2(114,110)»19,16)
5888 FORMAT. (39H3THERE IS A LOOP IN THE NETWORK DIAGRAM)
8088 FORMAT (IX, 16, 30H IS A DUPLICATE ACTIVITY LABEL )
8093 FORMAT (IX, 16, 32H HAS NO DUPLICATE ACTIVITY LABEL 1 
30055 FORMAT (13H ACTIVITY NO, 17, 18HDUPLICATED IN CARD )
C

END
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APPENDIX B

MRP, A FORTRAN IV COMPUTER PROGRAM FOR PROJECT SCHEDULING BY MRP

NRP (300* 20s>4) 300 PARTS, 20 PERIODS, 1 = REQUIREMENTS,
2 = RECEIPTS, 3 = ON HAND, 4 « ORDERS
LEAD TIMES FOR PARTS
ASSEMBLY NUMBERS
PART NUMBERS WITHIN ASSEMBLIES
QUANTITIES OF PARTS WITHIN ASSEMBLIES
FLAGS FOR THOSE PARTS ON BILL OF MATERIAL
PEG RECORDS, 300 RECORDS, 1 = INDEX OF CHILD, 
2 = INDEX OF PARENT, .3 = TIME PERIOD OF ORDER
PART DESCRIPTIONS, 300 PARTS, 1 = FIRST 
10 CHARACTERS OF DESCRIPTION, 2 = SECOND 
10 CHARACTERS OF DESCRIPTION,
LIST OF UNIQUE PART NUMBERS
INDICES OF PARTS ON THE CRITICAL SEQUENCE
FLAG FOR RESOURCES ("R" = RESOURCE,
ANYTHING ELSE => ACTIVITY)
INITIAL ON HAND QUANTITIES OF PARTS
NUMBER OF TIME PERIODS (SECOND DIMENSION 
OF ARRAY NRP)

COMMON NRP(300,20,A),LT(300),IPAR(1000),
1 ICHI (1000 ).,IQTY( 1000) ,ISTAR( 1000), ICRIT( 300, 3),
2IDES(300,2),NUMB(300),ISEQ(300),ITYPE(300),ION(300)DIMENSION IACT(2,2),IDATA(6) ,TLPHA(10),KDES(5)
DIMENSION EXTIM(3,10)
INTEGER ZDATA cXTIM(l,l)/"START"/
DATA EXTIM(1,2)/"BOM"/
DATA EXT1M(1,3)Z"INV"/
DATA EXTlMd,A)/"EXPLODE"/
DATA EXT1M(1,5)/"PRINT"/
DATA EXTiM(l,6)/"CRIT PATH"/
DATA EXTIMd,71/"FINISH"/
DATA (ID AT A ̂ AH S TOP,A HB OM ,AHSUM ,AHNET ,AHLEAD,AH99 )
DATA I ACT (1,1) /"ACTl V"/, lACTd, 2) /"ITY "/
DATA IACT(2,1)/"RESOU"/,IACT(2,2)/"RCE "/ .
ICP = 1
EXTIM(ZAICP) * SECOND(CP)
MI=60 
MO = 61
. ISTOP = IDATAd)
KB0M=IDATA(2)KSUM=IDATA(3)

LT(300)
IPAR(1000) 
ICHI(1000) 
IQTYdOOO)
ISTAR(1000)
ICRIT (300,3)

IDES(300,2)

NUMB(300) 
ISEQ(300)
ITYPE(300)

I ON(300)
NP ER

95



KNET «IDATAX 4) KLEADsIDAT A(51 
K 99 oIDAT A < 6)

C
C . READ AND WRITE USER NAME CARD

1 READ (MI,113) ILPHA 
WRITE <110* 114)
WRITE CMO,115) ILPHA
IF (ILPHA( 1 ) « ISTOP) GO TO 112e

C READ AND WRITE DATA CONTROL CARD
READ (MI, 1.16) ICODE, IBOM, IANV, INV 
WRITE (MO,117)
WRITE (MO,118) ICODE,IB0M,IANV,INV 

C CHECK DATA CONTROL CARD
IF (ICODEcHE «,KBOM) GO TO 111 
IF (IBOM«LE 02) GO TO 111 
IF (INV.LT.O) GO TO 111

C
C READ AND WRITE BOM •

K P A R 3 0 
X FLAGS0 
WRITE (MO,119)
DO 4 1=1,IBOM

READ (MX,120) ASM,PART,QTY,(IDES(I,J),J=l,2)
IF (ASM ® LEo 0) GO TO 2
KP AR=ASMIPAR(I)=ASM
I C H K I ) s ASM
IQTY(I)=0
WRITE (MO,121) IPAR(I),(IDESCI,J),J=l,2)
GO TO 3

2 ICHK I) «P ART 
. IOTY(I)3QTY
WRITE (MO, 122) I C H K  I), I QTY (T) , (IDES (I, U ) , J = l, 2) 
IP AR(I )sKP AR
I F (IC HI (I ) * GT o X P A R (X ) ) GO TO 3 
IF LAG®9
WRITE (MO,123) '

3 CONTINUE
4 CONTINUE

C SORT BOM FILE ASM MAJOR,PART MINOR .
DO 8 1=1,ISOM 

IB=XBOM-X 
DO 6 J = 1,IB

IF (IP AR(J )— IF A R (J +1)) 8,5,6
5 IF (ICHI(JI^TCHI(J + l ) ) 8,8,6
6 KPARalPARU)

KCHIf ICHK J )
KZTY=T QTY(J)

DO 7 K = 1,2
KD5S(K)=lDES(j.K)
IDES(J,K)=ID E S(J +1,K )

7 IDES(J+l,K)«KDiS(K)
IPAR(J)=XPAR(J+l)
ICHK J) = ICHI( J + l)
IQTYCJ)=IQTY(J+l)
IP AR(J + l)=K ° AR 
IC HI ( J +1) = K C Ht 

IQTY(J+l)=KZTY



97

8 CONTINUE
C X OUT REDUNDANT SOM,S

J=2
IB-IBON 
X SB*I BOM-1
DO 14 1*1,IBB =

9 IF {IP A R (I)— X ? A R (J )) 12,10,12
10 IF (XCHX C I I C H I (J ) ) 12,11,12
11 IB=XB->1 

JaJ + 1
IF tJ-XBOM). 9,9,15

12 XP ARC 1^1) a'IP.AR ( J )
XCHX(X+1)=XCHX(J1 
X OTY11+1)*10 TY(J )

'DO 13 K*l,2
13 IDES Ci+1, K:) *1DES ( J ,K)

. JaJ+1
IF < J—I BOM) 14,14,15

14 CONTINUE
15 I BOM*IB

C FIND UNIQUE PART NUMBERS
C FIRST, SORT PART NUMBERS

DO 16 I*1>1B0M
16 X S T A R CI ) = IC Hi CI)

DO 18 1*1, ISOM
XB=IBOM” X 

DO 18 J*1p IB
IF (ISTAR(J)-ISTAR(J>1)) 18,16,17

17 KCH X*ISTAR(J ) 
tST«{J)*ISTAR( J + l)
ISTAR(J+l)cKCHl

18 CONTINUE
C SECOND, MERGE UNIQUE NUMBERS INTO NUMB Cl)

NUMB(1>=XPAR(l)
1 = 2 
J = 1
K=1:<W1N = 1PAR(1)

19 IF (I-2B.0M) 21, 21,20
20 I F . ( J-XBOM) 23,23,26
21 IF (IPAR(I)-XSTARCJ)) 22,22,23
22 KWIN-* IPAR (I)

I = X + 1
50 TO 24

23 KWXN=1STARCJ)
J = J + 1

24 IF ( K WIN-NUM P- C K ) ) 19,19,25
25 K*K+i

N U M B C K ) * K W IN -
GO TO 19

26 KNUM*K
C - REPLACE PART NUMBER FOR PARENTS + CHILDREN WITH ADDRESS IN NUMBCK) 

00 2 9 1=1,IBOM 
DO 27 K * 1,KNUM

IF (ICHICI)—NUMB(K)) 27,28,27
27 CONTINUE
28 ICHI (I )'»K
29 CONTINUE

DO 32 1=1,I BOM 
DO 30 K*1,KNUM
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TF (IPAR(I)-NUMB(K)) 30,31,30
30 CONTINUE
31 IPAR(I)=K
32 CONTINUE

C STORE PART DESCRIPTIONS BY PART NUMBER
DO 3.7 K=1?KNUM 

DO 33
IF (K-IPAR(I)5 33,35p33

33 CONTINUE
DO 34 1 = 1, I BOM

IF CK-ICHICI) ) 34,35,34
34 CONTINUE
35 DO 36 J=l,2
36 NRPCK,J,1)=1DES(I,J)
37 CONTINUE

DO 38 K=1,KNUM 
DO 38 J=l,2

38 IDES(K,J )®NRP{K,J,1)
C * END OF BILL OF MATERIAL PROCESSING 

XCP = IC P +  1 
E XTIM(2,ICP) = SECOND(CP)

READ AND STORE INVENTORY DATA INPUT 
FIRST, ZERO OUT ITEM INVENTORY FILES 
DO 3 9 .1=1, KNUM 

. DO 39 J =. 1,20 
DO 39 K=l>4

NRP(I,U,K)=0 
LT(I)so

39 ION(I)=0
C SKIP OVER WHEN NO INVENTORY INPUT

IF (INV.LT.1) GO TO 47 
WRITE (MO,124)
DO 46 1=1,INV

READ (MI,125) IP ART,II,LI,12,L2,13,L3,14,L4,15,L5pKODE 
KC * 1
IF (KODE c E O R 88) KC = 2

WRITE ( MO, 126) ( I ACT(K C, Z) Z = 1, 2 )•,
1 IP ART,II,LI,12,L2,X3,L3,I4,L4,I5,L5 

C FIND ADDRESS(K) OF PART NUMBER IN UNIQUE NUMBERFILE,NUM6(I)
DO 40 K=i,KNUM

IF (IPART-NUMB(K))
40 CONTINUE

WRITE (MO,127) IP ART
IFLAG=9
GO TO 45

41 I ON(K)all 
L T ( K) s L1
IF (L24LE.0) GO TO 42
NRP(K,L2,2)=12

42 IF (L3.LE.0) GO
NRP(K,L3,2)=I3

TO 43

43 IF (L4o.LE *0 ) GO 
NRP(K,L4,2)=14

TO 44

44 ' IF (L5®L5oO) GO 
NRP <K,L5,2)315

TO 45

45 CONTINUE
IF(KODEoNEe”RM ) KODE = ”A» 
ITYPE(K) = KODE 

46 CONTINUE
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C :
ICP = TCP * 1.
SXTIM (2,ICP) = SECOND (CP)

C READ AND WRITE ANALYSIS CONTROL CARD
47 IF (IFLAG.GT.O) GO TO 110 

DO 48 1*1#ISOM
48 1ST AR (I) *>0 

KFLAG=0
49 READ (MI#128) KODE#KPART#KOY»KL 

IF (KFLAG-9) 51,50,51
50 IF (KODE.NE.KLEAD) GO TO 94.

WRITE (MO, 131) KOD^KPARTjKQYjKL 
GO TO 52

51 WRITE (MO,129) ILPHA 
WRITE (MO,130)
WRITE (MO,131) RODE,K PART,KQY,KL 
IF (K0DE.EQ.K99) GO TO 1 

C CHECK OUT ANALYSIS CONTROL CARD
IF (KODE.EQ.KSUM) GO TO 53
IF (KODE.EO.KNET) GO TO 54
IF (KODE.NE.KLEAD) GO TO 109

52 KOOE03
C IF (KQY.LT.l) GO TO 109
C IF (KL.LT.l) GO TO 109

GO TO 55
53 K00E=1 

GO TO 55
54 KODE = 2

IF (KQY.GT.O) GO TO 55 KQY = 1
C FIND TOP LEVEL ASSEMBLY NUMBER

55 DO 56 K=1,KNUM
IF (KPART.EQ .NUMB(K)) GO TO 57

56 CONTINUE
WRITE (MO,127) KPART 
GO TO 109

57 KASY=K
DO 58 1=1,IBDM

IF (KASY,EQ.IP AR(I)) GO TO 59
58 CONTINUE 

GO TO 108
C FLAG IN ISTAR THOSE ITEMS ON THIS BOM

59 1ST AR(KASY)=9 
DO 60 1=1,1BOM ,

IF (IPAR(I)—KASY) 60,61,60
60 CONTINUE
61 00 63 U=I,IBOM

C FIND NEXT 9ARENT
IP* IP AR(J >
IF (ISTAR(IP).NE.9) GO TO 63 

C FLAG THE CHILD
IC=ICHI(J)
ISTAR (10=9 

C FIND CHILDS ASSEMBLIES AND FLAG
DO 62 K=J,ISOM

IF (IPAR(K).NE.IC) GO TO 62 
ICC=ICHI(.K)
ISTAR(ICC)=9

62 CONTINUE .
63 CONTINUE
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c
C BRANCH TO ANALYSIS DESIRED

GO TO (64,75*91), KODE
C
64 CONTINUE •
75 CONTINUE 

KFLAG o 0
DO 74 I = 1*IBOM 

74 I STAR(I) * 0 
GO TO 49

LEAD TIME OFFSETTING SECTION 
FIND TOP LEVEL ASSEMBLY (PARENT)

91 DO 92 1=1,IBOM
IF (IPAR(I)-KASY) 92,93,92

92 CONTINUE
93 IPnlPAR(I)

SET QUANTITY OF TOP LEVEL ASSEMBLY
NRPCIPpKL, 1)=NRP(IPpKL,1>4.KQY
KFLAG=9
LAST = 0
DO 76 I = 1,3
DO 76 2 = 1,99

76 XCRIT(Z,I) = 0 
GO TO 49
ALL LEAD CONTROL CARDS IN, EXPLODE AND NET

94 DO 95 1=1,IBOM
IF (1ST AR11)•9) . 95p 96p 95

95 CONTINUE
96 IP=IPAR(I)

CALL UPDATE{IP)
GO TO 98
DO LOOP THROUGH BOM

97 1=1+1
98 11=1+1 

IP=IPAR(II) 
ie=ICHXCIX)
IF (IX—IS 0 M) 99,99, 10 3

99 IF (ISTAR(IP).5 0.0) GO TO 9 7
IF (IPAR(I)-IPAR(II)) 102,100,102 
NET CHILD (PART WITHIN ASSEMBLY)

100 CONTINUE

-SETUP FOR PEGGING , USED TO FIND CRITICAL SEQUENCE

CALL SWAP<Xe,XPs>lAST)
DO 101 12=1,20 

101 NRP(IC,IZ,1)=NRP(IC,IZ,1)+(NRP(IP,12,4)^IOTY(II)) 
GO TO 97

C NET AND OFFSET PARENT (ASSEMBLY.)
102 CALL UPDATE(IP)

GO TO 97
103 CONTINUE

C NET AND OF=SET ANY CHILDREN NOT ALREADY DONE
DO 104 1=1,KNUM

IF (ISTAP(I)oNBe9) GO TO 104 
CALL UPDATE(I)

104 CONTINUE
C
C PRINT OUT MRP FILE
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icp o' icp + i
EXTIM(2,ICP) « SECOND(CPT 
DO 105 I-lfKNOM 
KC = 1
IF (ITYPE (I) • £Q o l?Rw V KC « 2

WR ITE ( MO? 138) (I ACT C KC Z) p 7*1 p 2) p
1 (IDES(I,K),K=1,2)

WRITE ( MOp 139), NUMB ( D  p LTCI)
.WRITE (M0,140) ( N RP CI i» K p 1) j? K a 1 p 2 0 )
WRITE (MO*141) (NRPCIpKpa)»Ks 1p 20)
WRITE (MO,142) ION(I),(NRP(I,K,3),Kal,20)

105 WRITE (MO,143) CNRP(IpK,4),K=l,20)
ICP « ICP + 1  
.EXTIMC2,ICP) s SECOND (CP)

C END OF MRP PRINTOUT
C RETURN FOR NEXT ANALYSIS CONTROL CARD

WRITECMO,915)
WRITE(MO,914) ((ICRIT(I,Z),Z=l,3),NUMB(ICRIT(1,1)), 
1 NUMBdCRlTCI, 2) >, I 1, LAST)

—  FIND FIRST ELEMENT(S) OF CRITICAL SEQUENCE

MIN n 99999 
LOOP = 0 

150 K X * 0
DO 200 U ■» 1, LAST
IF(XCRIT(4,3)•GT»MXN) GO TO 200
MIN = ICRIT(JfB)
KX = KX + 1 
ISEQ(KX) o ICRITC J,1)

200 CONTINUE
IF(LOOP e EQ o1) GO TO 220 
LOOP = 1
GO TO 150 i

220 KZ » KX + 1
250 ISER = TSE.QCKX)

— :--- SEARCH FOR CHILD

DO 400 J = 1,LAST
IF( IS.ERoNEelCRITtU, 1) ) GO TO 400

— MATCH, HOLD ITS PARENT

. I HOLD * ICRITCJ,2)

CHECK TO SEE IF WE ALREADY HAVE ITS PARENT

DO 300 Z *'Ip KZ
IF(IHOLD« £ Q oISc0(Z)) GO TO 400

 — NOPE, ITS UNIQUE, SO STORE XT

300 CONTINUE
iSEQ(KZ) •« XHOLD 
KZ * KZ 4 1  

400 CONTINUE
KX = KX > 1
.1 F ( K X a GE o 99) GO TO 450 
IF(KX® LTa KZ) GO TO 250



450 CONTINUEWRITE(MO*917)
KX * KX - 1 00 500 Z « 1* K X 
KC = 1
IF(ITYPE(ISEO(Z))«EQo”R”) KC * 2
WRITE (M0*916) UCT(KCp1)*I4CT(KCj»2)*NUM8(IS€QCZ)

* (ID E S (IS E Q ( Z) * L) p I = 1 * 2)
500 CONTINUE

ICP s I C P + 1
EXTiM (2,p ICP ) » SECaNO CCP )
00 107 I^IpIBOM DO 106 j=l,20 

NRPCIpJ>1)=0
106 NRP( IpJ p 4)»0
107 1ST AR11)=0 

KFLAGsO- 
GO TO 51

C
C ERROR MESSAGE SECTION

108 WRITE (MO*144) KPART
109 WRITE (MOp145)

GO TO 112
110 WRITE (MOp 146).

GO TO 112
111 WRITE (MOp147)
112 WRITE (MO,148)

ICP = ICP 4 1
EXTIM(2,ICP) * SECOND(CP)
EXTIMOpI) = 0.0 
DO 600 J = 2,ICP 

600 EXTIMOpU) = EXTIM(2,J) - EXTTMC 2p J-l)
WRITEiMOp 919 ) ( (EXTIM (IpJ)-pI».1p3')pJ«1pICP)

919 FORMAT (e»l”p / / /p 1 (10X, A10* 2 X p F7 o Bp 2Xp F7 « Bp Z I )
WRITE(MO,921) KNUM 

921 FORMATt/Z/plOXp15,” ACTIVITIES AND RESOURCES, TOTAL”) STOP
C

113 FORMAT (10A4)
114 FORMAT MHO.)
115 FORMAT (17H0PROGRAM MRP FOR ,10A4)
116 FORMAT CAB,14,3X9A3p14)
117 FORMAT (27H DATA CONTROL CARD REQUESTS)
118 FORMAT MX* A3, 14, A3,14)
119 FORMAT (32HO ASM PART QTY DESCRIPTION)
120 FORMAT (F 5 ® O p F 5 »Op 5 X pF2»Op3X p 2A10)
121 FORMAT C1Xp I5p15Xp2A1.0)
122 FORMAT (6Xp15,5X,12p 3Xp2A10)
123 FORMAT (24H ERROR IN PART NUMBERING)
1.24 FORMAT C 9X*

* :57H0 PART ON . LT *QTY**WK****ON
1**) : . -

125 FORMAT CI5p 5X p 5( I 3 p 1 X p I2p 4 X ) p 19X p A1)
126 FORMAT (IX,A5,A3p1X,15,5X,5(13,1X,12,4X)>

• 127 FORMAT C13H PART NUMBER p I5,11H NOT ON BOM)
128 FORMAT (A 4 , 1X , 1 5,5X p I 2 p 2 X p 1 2)
129 FORMAT (17HOMRP RESULTS FOR ,1044)

: 130 FORMAT (31H ANALYSIS CONTROL CARD REQUESTS)
131 FORMAT (IX,A4pIX,15,5Xp12,3X,12)
138 FORMAT (1H0,A5,A3, IX,2A10)



139 FORMAT (1X,I5,2X»4HLT =,I2,48H 1 2 3 . 4
17 6 9 10 -11.. 12 13 14 15 16 17
* " 18 19 20")

140 FORMAT (16H ROMTS ,2015)
141 FORMAT (16H RECEIPTS ,2015)
142 FORMAT (11H ON HAND ,2115)
143 FORMAT (16H ORDERS ,2015)
144 FORMAT (13H PART NUMBER ,A4,16H NOT AN ASSEMBLY)
145 FORMAT (31H ERROR IN ANALYSIS CONTROL CARD)
146 FORMAT (20H0ERR0R IN INPUT DATA)
147 FORMAT (27H ERROR IN DATA CONTROL CARD)

. 148 FORMAT (23HOPROGRAM MRP TERMINATED)
914 FORMAT(2X,313,2X,16,2X,16)
915 F0RMAT("1",ZV/,10X,"PEG RECORD FILE IS AS FOLLOWS",// 

1 14X,"CHILD",2X»"PARENT")
916 FORMAT(IX,A5,A3,IX,16,2X,2A10)
917 FORMAT("1",///,15X,"THE ELEMENTS OF",//,

1 10X,"THE CRITICAL SEQUENCE ARE"»//,15X
2 "AS FOLLOWS ,..«,//)

C
ENDSUBROUTINE UPDATE!IP)
COMMON NRP (300, 20,4.) , LT( 300 ), IR AR (1000) ,
1 ICHK1000),IQTY(1000),ISTAR(1000),ICRIT(300,3),
21D E S(3 00,2),N UMB(300),IS E Q(3 00),ITY P E(300),ION(300) 
DIMENSION KORD(20)

C THIS SUBROUTINE NETS AND OFFSETS ALL REQUIREMENTS
C FLAG UPDATE ON THIS PART

ISTAR(IP)=5 
C NET FIRST PERIOD ,

NRP(IP,l,3)st ION (IP)+NRP(IP,1,2 )—NRP (IP, 1, 1)C NET PERIODS 2 THROUGH 20
DO 1 IX=2,20 IY = IX—1

1 NRP(IP,IX,3)=NRP(IP,IY,3)*NRP(IP,IX,2)-NPP(IP,TX,1)
C COMPUTE ORDERS

00 2 Ix=l,20
NRP(IP,IX,4)=0

2 KORD(IX)=0 
KREQ=0 
KREC=ION(IP)
KRD = 0
DO 5 IX=1,20KRE0=KREQ+NRP(TP,IX,1)

KR£C = KRSC+NRP(IP,IX,2)KORD(IX)=KREQ-KREC"KRD 
IF (KORD(IX)) 3,3,4

3 KOR0(IX)=O
4 KRD=KRD*KORD(IX)
5 CONTINUE

C SHIFT ORDERS TO RIGHT PERIOD
DO 6 IX=1,20 

KL=.1X^LT(IP)
IF (KL-1) 6,6,76 NRP(IP,l,4)=NRP(IP,l,4)+KORD(IX)
GO TO 8

7 NRP(IP,KL,4)=K0R0(IX)
8 CONTINUE

CC-— -SKIP LOT SIZING ON RESOURCES
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IF(lTYPE(IP)oEQ,.”R”) RETURN
— — PSEUDO-LOT SIZING HERE.

DO 20 IX « 1,20 *
IZ = IX

-— — CHECK FOR FIRST OCCURANCE OF ORDER
IF{NRP <IP,IX,4)•GT•0 ) GO TO 25 

20 CONTINUE 
RETURN 

25 DO 30 IX = 1,20

— ZERO OUT ORDER ARRAY.
30 NRP(IP,IX,4) = 0
— -— ORDER ONLY ONE

NRP(IP,IZ,4) » 1 
RETURN
END
SUBROUTINE PEG(IC,IP,LAST)
COMMON NRP(300,20,4)s LT(BOO)pXPARC1000),

1 ICHI(1000)pIOTY(1000),1STARC 1000),ICRiT( BOO, 3),
2IDES(300,2) ,NUMB(300),ISEQ(300) , ITYPEC 300),IONC 300)

 ICRIT(K,1) « INDEX OF CHILD
— ICRIT ( K, 2) = INDEX OF PARENT
— <■— ICRIT(Kp3) = IT I ME BUCKET IN WHICH EAR LIST ORDER OCCURS

X F(L AST® GT«0) GO TO 1 
LAST * 0 
GO TO 11

 SEARCH FOR MATCH

1 I ST s 1
2 DO 10 I * 1ST,LAST 

K = I
IF (ICRIT d p i )  «Eq 0 ic ) GO TO 30 

10 CONTINUE
---— -GOT A NEW ONE

11 DO 20 J = 1,20 
L = J
IF(NRP(IC,J,4 ) ® GT•0) GO TO 25 

20 CONTINUE

'— — NO MATCH

RETURN 
25 LAST = LAST + 1  ■

IF(LAST®GT®3 0 0 ) RETURN 
ICRIT(LAST,1} S XC
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IGRIT(LAST,2) » IP 
ICRTT(LASt,3) * L
RETURN 

30 CONTINUE

— GOT THIS ONE BEFORE 

KSAVE ® ICRITCKp3)
SEE IF PEG RECORD NEEDS TO BE CHANGED

DO 40 J = 1,KSAVE 
L = U
IFtNRPCIC*Jp4)*6T,0) G O T O  45 

40 CONTINUE

— — NO C H A N G E S B U T  THIS MIGHT NOT BE THE ONLY CHILD/PARENT RECORD

IFCKoLTolAST) 1ST = K + 1
 — GO BACK AND CHECK FOR OTHER CHILD/PARENT RECORDS

IF(KoLToLAST) GO TO 2 
RETURN 

45 CONTINUE
IF(L.EQeKSAVE) GO TO 50

  -UPDATE PEG RECORD FILE

ICRIT(K,2) = IP 
ICRIT(Kp 3) = L

THIS MIGHT NOT BE THE ONLY CHILD /PARENT RECORD

IF(K»LToLAST) 1ST = K + 1

— ^ - G O  BACK AND CHECK FOR OTHER CHILD/PARENT RECORDS

IF(K« LTo LAST) GO TO 2 
RETURN

~ ~ - f T E  FOR CRITICAL SEQUENCE.

50 CONTINUE
IF(IP o EQ «ICRIT(K,2) ) RETURN

  -TWO UNIQUE SEQUENCES, SAVE NEW ONE

LAST = LAST + 1 
ICRIT(LAST,X) « IC 
ICRIT(LAST,2) ■ IP 
,ICRTT(LAST,3) ■ L '

— THIS MIGHT NOT BE THE ONLY CHILD/PARENT RECORD
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IF(K.LT.LAST-l) 1ST * K + 1
—— "-GO BACK AND CHECK FOR OTHER CHILD/PARENT RECORDS'

IF(K.LT.LAST-1) GO TO 2
RETURN
END
SUBROUTINE SWAP <IC,IP,LAST)
COMMON NRP(300,20» 4),LT(300),I PAR(1000),
1 I CHI(1000),IQTYC1000 >,1STAR(1000),ICRIT(300,3),
21DES(300,2),NUMB(300)»ISEO(300),I TYPE(300),ION(300) 
DIMENSION ISTOR(20,A)

•— '— STORE THE NRP ARRAY
DO 100 I = 1,20 
DO 100 J = 1,4 

100 IST0R(I,J) = NRPdC, I, J)
— GET REQUIREMENTS FROM THIS PARENTS ORDERS

DO 200 J = 1,20 
200 NRP(TC,1,1) = NRP(IP,J,4)

IS WAP = ISTARCIC)
• — FIND CHILDS ORDERS BASED SOLEY ON THE PARENTS ORDERS

CALL UPDATE(IC)
ISTAR(1C) = ISWAP

  — ADD TO PEG RECORD FILE
CALL PEG(IC,IP,LAST)

 — RESTORE ORIGINAL STATUS OF THE NRP ARRAY
DO 300 I = 1,20 
DO 300 J = 1,4 

300 NRP(1C,I,J) * ISTOR(1,1)RETURN
END
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