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SUMMARY 

The scheduling of operations on a farm is described as a system and the 
theory and models used are presented. The program which simulates the 
scheduling system is written in SIMULA. A base model contains the basic 
components of the system such as men, machines, operations and crops. An 
experimental frame describes the input and output and defines the simula­
tion. An example is given of the scheduling of operations during wheat har­
vesting. Verification of the program and validation of the model are dis­
cussed. Extensions valid for wheat harvesting are mentioned and sugges­
tions for use in other circumstances and applications are described. 

Keywords: Scheduling, Simulation, Farm Operations, Machinery Selec­
tion, Workability, Timeliness 
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1 INTRODUCTION 

Every day the farmer faces the problem of scheduling farm operations; 
'scheduling' means determining the time when the various operations 
should be performed. Availability of men and machines, crop requirements, 
the weather and the timeliness of operations all affect the resulting yield, 
the quality of the product and the costs of operations. The farmer learns 
from experience how and when to decide and what to prefer in uncertain 
weather conditions. Low yields and poor quality due to untimely operations 
and high costs for men and machines can cause poor results. But how can 
better results be achieved? 

To gain better information in such a situation a farmer can supplement his 
experience by using a model: it allows experiment in alternative environ­
ments or with different management strategies or operational tactics. Mod­
els and techniques used to solve scheduling problems are: labour budgeting, 
linear programming, dynamic programming and simulation. The AIM of the 
study in this monograph is to develop a flexible simulation model of the 
scheduling problem of farm operations that can be used particularly as a re­
search and advisory tool. The emphasis is on the simulation of realistic se­
quences of operations and development of crops, products and soil over 
time and on a realistic use of men and machines during workable intervals. 
Such a model which is reliable on the micro level (day to day) can be used as 
an instrument to achieve results that are necessary to make the long term 
decisions at the macro level of the farm. 

The possible use of a scheduling model is: 
- to test whether the results derived from several seasons are satisfactory 

for some area of crops and for the available men and machinery; 
- to optimize the costs of the schedule by finding a compromise between 

harvesting as soon as possible and harvesting on a later moment; i.e. a 
compromise between the avoidable costs of overtime of men and the 
costs of machine use (such as drying hay or grain in storage instead of in 
the field) on the one hand and the so-called timeliness losses that result 
from lower yield or poorer quality when a crop is harvested later on the 
other hand; 

- to show the effect on the results of different areas, different number of 
men and types of machinery and different tactical rules to schedule oper­
ations; machinery selection is based on this information; 

- to show the effect on the work organisation, the scheduling of different 
soil conditions (for instance, with or without drainage; affect on workabil­
ity) or different techniques (for instance, disease control in crops or the 
use of chemical additives on silage; affect on workability and quality) or 



different crop varieties (for instance, prospect of a high-yield variety ver­
sus a local variety with low yield and disease resistance); 

- to show the effect of better weather forecasts on the tactical/operational 
decisions and so on the results. 

These practical uses of a scheduling model are supplemented by the use for 
research purposes such as: 
- to show the effect of information collection (aggregation) on the results, 

for instance, the workability of each crop, product or soil for each hour is 
collected for a day, a week or even a month and the original chronologi­
cal sequence is lost; 

- to show the effect of relaxation of information on the results , for in­
stance, the simultaneous occurrence of workabilities is relaxed to inde­
pendent workability constraints of each crop, product or soil; 

- to find a heuristic strategy for the simulation model that is efficient, i.e. it 
does not require too much computer time and takes good decisions or 
even optimum decisions. 
Such a flexible simulation model is described. The theory of scheduling of 

operations on a farm is described in Chapter 2 Theory of scheduling'. The 
conceptual model is described as a system with interrelated components 
such as crops, men and machinery, and operations. Another view of the sys­
tem as a sequence of events in time is also described. Finally a review of 
some models and techniques of solving a scheduling problem is described. 
Chapter 3 'A simulation tool; SIMULA' introduces SIMULA as a skilful 
tool to make a simulation program of the scheduling system. Chapter 4 
'Base model' describes in detail the general components of the system. This 
'base model' is extended in Chapter 5 'Experimental frame' with specific 
components (weather, scheduling rule and in/output) to form an experi­
ment. The simulation is defined by the base model, the experimental frame 
and the input. The wheat harvesting is taken as an example to show the in­
put, which defines the men, machines, crops and operations, and the out­
put. The creation of appropriate input is described. Chapter 6 'Verification 
and validation' describes means to verify the program; the validation in­
cludes the behaviour of the model in several circumstances. Chapter 7 'Ex­
tensions' describes an extension of the wheat-harvesting model together 
with suggestions on how to explore the base model in other cases. 

Knowledge of mathematics, probability theory or system theory is not as­
sumed. Familiarity with agriculture and simulation may be an advantage. 

Likely readers are research workers, teachers and students, who are inter­
ested in scheduling farm operations and in effects of managerial decisions 
on such a schedule and who like to use a well-described, accurate simulation 
tool. Decisions are concerned at the strategic level for instance, machinery 
selection and crop selection in the stochastic weather and workability envi­
ronment, and on the tactical level to control a crop disease or to irrigate. 



Readers' guide. 
Chapter 2 is essential for anyone who wants to study the scheduling prob­

lem on a farm. If the base model and the experimental frame are to be used 
just as they are, the reader can omit Chapter 3 and the details of Chapter 4 
and can concentrate on the input and output as described in Chapter 5. Those 
readers who wanti to extend the models for specific situations may benefit 
from Chapters 3, 4 and 5 (the wheat-harvesting simulation model) and from 
Chapters 6 and 7 (the verification of new extensions and handling new situa­
tions). 



2 THEORY OF SCHEDULING 

The theory of the scheduling of operations is the background of what hap­
pens, and when and how it is performed. For instance wheat harvesting or 
straw baling occurs on Monday morning and is performed with, for instance, 
two or one man, a harvester, a baler and a tractor. There are two ways of 
describing the scheduling problem: 
- the real problem is viewed as a system with interrelated components 

(crops, men and machinery, operations) and an environment (weather), 
Section 2.1 'Components and relations'; 

- the real problem is viewed as a sequence of events in time, Section 2.2 
'State, event and dynamic aspects'. 

The first method emphasizes more the static and the second method more 
the dynamic aspect of the system. They are complementary descriptions of a 
model of the scheduling system. Section 2.3 'Models and solution tech­
niques' describes the relationship between some models and techniques 
such as linear programming, dynamic programming and simulation. 

Throughout this chapter the example of wheat harvesting is used. It can 
be described as follows. The wheat is harvested by a combine-harvester that 
produces straw in the field and dry or wet grain for storage. Wet grain is 
dried in a grain drier. The straw is baled by a baler that produces bales in 
the field and the bales are gathered and stored. A more detailed description 
of the example is given when necessary in the following sections. 'Harvest­
ing with a combine-harvester' necessitates also men, tractors and trailers to 
perform the operation (Table 2.1). 

It is necessary to keep in mind the aim of the model of the scheduling sys­
tem. In this monograph the objective is to develop models with a correct se­
quence of operations for crops and products and a realistic use of men and 
machinery during workable intervals. A correct sequence involves more 

Table 2.1 Scheme of products in the wheat harvest and the operations(...). 

wheat in the field — or 
! (harvesting) ! ' 

\\i \\i \: / 
V V V 

straw in the field wet grain --> dry grain in storage 
! (baling) (drying) 

\:/ 

V 
bales in the field --- — - — ---

.' (gathering) ! 
\:/ \:/ 

V V 
stubble bales in storage 



than meeting constraints placed on men and machines for the period; it pre­
sents a feasible and executable schedule. The art of modelling excludes 
those aspects of the real situation which have little influence on the results 
and are irrelevant. For example simulation of the actual geographical pat­
tern of men, machines, tractors and trailers in the field or on the road (for 
instance, Kindler et al., 1981) may be not required at the level of this 
model; such information can be replaced by defining a rate of operation (in­
cluding field work, transport and preparations) that may depend on the ma­
chines used, the properties of the crop and soil, the position of the field, etc. 
Thus the description of the system is limited and concentrates on those as­
pects of the scheduling of operations that may have a significant influence 
on the results. Other aspects from the real world are not considered. It 
should be noted that irrelevant aspects of the reality occur at two levels: too 
much detail and too general. Too general is for instance, the price of land or 
even the price of machines or crops as far as costs per hour already reflect 
price, depreciation, etc. 

2.1 Components and relationships 

A system is a limited part of reality and consists of interrelated components 
(or elements) that are relevant for the behaviour and the results of a system. 
In an open system the environment has an influence on some components of 
the system. The irrelevant parts of the real world are disregarded in the sys­
tem and its environment. The system also contains relationships between 
the components and between the environment and the components. The 
components and relationships of the scheduling problem are dtfbribed in the 
following sections. The description is general so that the phenomena and 
the behaviour of the scheduling system may be understood. In addition 
starting points are created for use in the base model (Chapter 4). A model is 
a simplified, relevant representation of a system and simulation is the art of 
building mathematical models and the study of their behaviour. The compo­
nents, the environment and the relationships are shown in Table 2.2. 

2.1.1 Materials (crops, products) and weather 

The components 'materials' and 'weather' of the scheduling system can be 
seen as a separate subsystem: the biological subsystem. The general term 
'material' will be used for crops, soil, materials (seed, fertilizer, etc.) and 

Table 2.2 Scheme of components and relations of the scheduling system. 

M*n & Operations Materials Weather 
machinery 2 (crops) 

Decision 



products (grain, straw, bales), because all behave in the same way in the 
scheduling system, i.e. are produced by operations or processed by opera­
tions. The production and processing of materials will also be described by 
the general terms delivery/delivering/supply and consumption respectively. 

The 'history' of a crop starts with sowing or planting or even with prepa­
ration of the soil. The development of a crop is a complex autonomous proc­
ess influenced by maintenance operations such as fertilizer application, 
weeding, spraying and irrigation. The harvesting operation is finally fol­
lowed by operations that prepare the products for storage, consumption or 
marketing. In the case of a cereal crop, several 'materials' can be distin­
guished: soil, seed, sown grain, weeded crop, ripe crop harvested grain in 
storage, straw, bales, bales in storage, stubble field and ploughed field or 
soil. This is not an exhaustive list of materials and moreover some arise only 
when an operation is performed, for instance, bales are only produced if 
baling occurs. Material can refer also to cattle, feed, grass and milk. 

All these materials have numerous properties such as development stage, 
quality, ripeness, moisture content and quantity. Most properties are spe­
cific to a material and related to its autonomous development. Some prop­
erties, however, are of interest for operations in the scheduling system and 
belong to each material. Each material has a quantity (for instance, mass, 
amount, area, number) and variables related to the state of the crop: 
- processable; a crop becomes processable for operations after a specific 

development stage, for instance, grain becomes ripe enough to be har­
vested on August 5; this state is irreversible for a specific field; 

- workable; a material is in the workable state, for instance, if the grain 
moisture content is lower than 23% and the weather is fair; the moisture 
content depends on the weather and varies with time, i.e. workable too 
changes with time; 

- ready for processing; ready means processable and workable. 
The state 'workable' is related to an interval of the moisture content, for in­
stance, 0-23% m.c. of grain; such an interval may be narrowed to several 
processing conditions appropriate for specific operations. One condition is 
for example suited for harvesting dry grain (0-19% m.c.) and another is 
suited for harvesting wet grain (19-23% m.c); (Table 2.3). Workable be-

Table 2.3 Relations between material attributes vs. time. 

processable: FFFFFFTT.. ..TTTTTT.. ..TT 

processing condition 'dry': FFFFJ.. ..FFFF1F.. ,.FF 
processing condition 'wet': FFTTF.. ..FTTTFF.. ..FT 
workable: FFTTT.. ..FTTTTF.. ..FT 

ready: FFFFF.. ..FTTTTF.. ..FT 

.•••--"-----*...----------...-------) fIMP 

(i)the sequence of columns reflects possible states of the grain during tine. 
(T * true, F « false, . « not considered) 



comes false after rain and true after drying of grain in the field when mois­
ture evaporates due to the radiation and the vapour pressure deficit. During 
the state 'workable' the moisture content decreases from wet (19-23% m.c.) 
to dry ( < = 19% m.c). If wet grain is harvested, it is known in advance 
that drying is necessary; the drying costs expected can influence the decision 
to harvest or to wait until a point in time when the expected costs are lower 
or even zero (dry grain). Therefore cost predicted is another property of 
materials essential in the scheduling system. 

Exercise: Try yourself to describe the 'workable' state and processing 
conditions of grass for harvesting, taking in account zero grazing, silage and 
haymaking. 

In addition to the above mentioned state variables and costs that control 
the possibility of an operation, other variables of a material define the so 
called timeliness function. Figure 2.1 shows the timeliness function as the 
relationship between the recoverable value (depending on quantity, quality 
and price) and the time when the operation is performed. An untimely oper­
ation of the material affects negatively the results and therefore must be 
part of the decisions in the scheduling system. 

Each material may include several fields, for instance, different wheat va­
rieties, each with its own area, ripeness date (processable) and date when 
the maximum recoverable value is achieved. Fields are distinguished as a 
component of the biological subsystem. This subsystem is shown schemati­
cally in Table 2.4. 

The state variable 'processable' is an irreversible property of a specific 
field. Thus with some fields of different ripening dates, the variable 'ready' 
may change over time even if 'workable' does not change. 

The above representation of material and weather as components of the 

recoverable value 
C f./ha] 

t Copt .3 time [days] 

Figure 2.1 Timeliness function: relation between recoverable value and time; t(opt) = mo­
ment in time when the value achieves its maximum. 
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Table 2.4 Scheme of components and relations of the biological subsystem. 

Materials ----- leather 

Fields 

biological subsystem shows the essential influence of materials on the possi­
bility and desirability of performing operations and hence on the schedule of 
operations. 

2.1.2 Men and machinery 

The component 'men & machinery' and the components defined in this sec­
tion together form a subsystem: the man-machine subsystem. Within 'men 
and machinery' there may be distinguished men (with regular worktime, 
overtime and no-worktime) and machines able to work or in need of service 
(lubricating) or repair (failure). Some men are specialised such as cowman, 
tractor driver or crop production specialist; so a variety of men must be pos­
sible in a scheduling system. The variety of 'machines' is even greater: a 
plough, a planter, a weeder, a harvester, a tractor, a trailer and also 
draught animals (ox, horse), tools (spade, fork) and equipment or installa­
tions (drier, barn). All these elements are resources to perform operations 
and may be owned or hired. 

A set of these elements is needed to allow work, for instance, one man, 
two oxen and one plough allow ploughing. Some sets only contain one el­
ement to allow work: a man weeding by hand; a grain drier. Such a set of el­
ements is called a gang; it is distinguished as a component in the man-ma­
chine subsystem. A GANG is formally defined as the men and items of ma­
chinery required to perform an operation with a specific set of materials 
according to a method. Thus weeding of beans and weeding of maize need 
their own gang because the materials processed (beans and maize) are dif­
ferent, although the same elements are used. Also different methods such as 
selecting and removing diseased plants one row a time or four rows a time 
need their own gangs according to the definition. Although a gang is an ab­
stract entity it has some essential properties of its own, for instance, the 
number of required men and items of machinery, a standard rate of opera­
tion or capacity [ha/h] and a set-up time. Each time the gang is used set-up 
time is needed to refuel tractors, to prepare equipment and to drive to the 
field. After the work is done, some time is needed to return from the field; 
this period is contained in the set-up time. It is assumed that this simplifica­
tion of the real situation has no effect on the performance of the scheduling 
system. The simplification of the reality is extended when the set-up time is 
contained in the standard rate of operation. The capacity (rate of operation) 
can be modified by actual, non standard properties of the material proces-



sed, for instance, a combine-harvester capacity may depend on the moisture 
content of the straw, the ripeness and development stage of the cereal and 
even on the shape of the field, the soil, the slope and the distance to a field. 

Scheduling concerns the determination of the time when the various oper­
ations should be performed. On a farm it is impossible to work with all the 
possible gangs at the same time (as sometimes is possible in industry); with 
two men on a farm it is impossible to harvest the cereal, to bale the straw 
and to gather the bales simultaneously. It is not necessary to work with one 
gang at a time, sequentially and not parallel. For this purpose a new compo­
nent is defined in the man-machine subsystem: a combination. The defi­
nition of COMBINATION is: a set of gangs that can work simultaneously 
with the available men and items of machinery. Table 2.5 shows a simple ex­
ample of some combinations and the required number of men and items of 
machinery together with the available number. The combinations Al, A2 
and A4 include one gang only. Combination A3 includes two gangs: the one 
man gang for combine-harvesting and the gang for baling. The farmer has to 
select one and only one combination from the available set of possible com­
binations. If Set A contains the combinations Al, A2, A3 and A4, then he is 
restricted to select combine-harvesting (Al or A2), baling (A4) or both 
(A3). A3 requires the same number of elements as A2 and A4 together; 
nevertheless, A2 is used for harvesting when baling is inappropriate and A4 
for baling when harvesting is prohibited. Combination Bl is the single item 
in Set B. The farmer can select this combination independently of set A be­
cause the gang for drying wet grain only uses the automatic grain drier and 
no element used in Set A. Gangs consisting of men and machines belonging 
to a contract worker or neighbour can be included in a separate set of com­
binations (C) and treated independently in the selection of work. It is con­
venient to use two sets in the case of Table 2.5 instead of using one set with 
the combinations Al, A2, A3 and A4 (without drying) and four similar 
combinations with drying (A5-A8). 

Table 2.5 Some gangs and combinations in the wheat harvest. 

Hen and Machinery Avai lable Required mmber in gang/combination 
nunber P1 02 03 04 B1 

Combine harvesting Drying 
2 «en 1 nan 1 man 

• 
Baling Baling 

man 2 2 1 2 1 
t ractor 2 1 1 2 1 
ronbine harvester 1 1 1 1 
baler 1 1 1 
grain trailer 2 2 2 2 
grain dryer 1 1 
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Table 2.6 Scheme of components and relations of the man-machine subsystem. 

Men & ----- Gangs 
Machinery ! 

Combinations 

Exercise: Try yourself to determine the possible combinations when Ta­
ble 2.5 is extended with a bale gathering operation (one man, one tractor, 
one bale loader, four bale trailers); combinations A5, A6 and A7. Try the 
same exercise when the contract worker uses his men and machinery (CI) 
for the gathering operation. 

The schematic representation of the components of the man-machine sub­
system is now as shown in Table 2.6. 

The above representation of the man-machine subsystem shows the es­
sential influence of men and machines on the options in performing opera­
tions and hence on the schedule. 

2.1.3 Operations and decision 

The components 'operations' and 'decision'.form the decision subsystem. An 
operation can be viewed as the link between one gang with the required 
men and machines, the materials processed and the materials produced. 
The combine-harvesting operation links the gang with men, combine har­
vester, tractors and trailers to the harvested cereal and to the delivered 
materials (grain and straw). Some operations are used to repair a machine 
with a failure or to service a machine in need of lubrication; such an opera­
tion links the gang to the machine (instead of to materials). 

The component 'decision' starts and ends the operation. In order to start 
two or more operations at the same time, it is necessary that the gangs re­
lated to those operations belong to one and only one combination or to a 
combination from several sets of combinations. Otherwise the decision is 
not allowed, because more men or machines are required than the available 
men and machinery to perform the operations at the same moment. 

Scheduling is the allocation of operations in time and the schedule may be 
as in Table 2.7. At 10:00 the grain is dry enough to start the harvesting op-

Table 2.7 Schedule of the wheat harvest (operation scheduled: +). 

operation: — -> time 

combine harvesting •••••••••• 

drying wet grain ••••••••••••••••••••••••••••••••••••••• 

gathering bales ********** 
10:00 15:00 20:00 00:00 clocktine 
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Table 2.8 Scheme of components and relations of the subsystems and the scheduling system. 

Han-machine I Decision J Biological 
subsystem •' subsystem •' subsystem 

Men & ----- Gangs — - - Operations Materials feather 
machinery • • 

• » 

Fields 
Combinations -- Decision 

eration; the grain is so wet that the drying operation also starts. At 15:00 the 
harvesting stops for some reason, for instance, rain or store filled with wet 
grain, and the gathering of bales is selected and starts. At 20:00 the gather­
ing stops (for instance, all bales are gathered) and the drying operation that 
needs no men (automatic) continues even throughout the night. Such a 
schedule results positively in a recoverable yield of materials, or negatively 
in timeliness losses, and in costs of using men and machines. This result is a 
measure of performance of the schedule and hence of the component 'deci­
sion'. The latter component also depends on the method used to solve the 
scheduling problem and is therefore discussed in Section 2.3 'Models and so­
lution techniques'. 

After describing the scheduling problem as a system with components and 
relationships, the scheme shown in Table 2.8 was obtained. This scheme is 
general; it does not show the elements of a component (all the materials, 
operations, men and machines involved in a specific scheduling problem) 
nor does it show the type of relationship, or even the direction of informa­
tion. 

2.2 State, event and dynamic aspects 

The components in a system have numerous properties. The relevant prop­
erties are called state variables and these constitute the STATE of a system 
at a specific time. Relevant properties or state variables of a cereal crop in­
clude development stage, yield, moisture content and in the scheduling sys­
tem also processable, workable (Section 2.1.1), processing and delivery. If 
the state variable changes autonomously such as crop biomass (continuous 
variable), development stage (discrete variable), moisture content (contin­
uous variable) and workable (discrete variable), then this is called an 'ac­
tion' of a system. The discrete state variables change their value at discrete 
moments, for instance, workable becomes true at the moment the moisture 
content of the grain in the field falls below 23%. Actions are autonomous 
changes and do not require a decision in the scheduling system. At the mo­
ment when the state of the system changes (one or more relevant state va­
riables change) and this change effects the scheduling system (a decision 

12 



may be needed), then a system 'event' occurs, for instance, a machine fail­
ure occurs, rain starts, the grain becomes unworkable. With these events 
the reaction of the system to the event is: to stop the operation; such a stop 
is itself again a change in the state and so an event. An immediate conse­
quence of an event is a 'reaction' that causes another event (both events at 
the same moment). The 'response' of the system to an event, however, may 
occur later and cause another event, for instance, machine failure may 
cause the start of a repair operation. A decided consequence of an event is a 
response that causes another event. The actions (autonomous changes) and 
the events (autonomous and decided changes) together make up the behav­
iour of a system. If the behaviour of a system does not depend on decisions, 
then it is an autonomous system, otherwise it is a decision system. The 
scheduling system is such a decision system, although some parts, subsys­
tems, are autonomous such as growth and moisture budget of the plant. It is 
sufficient to speak about 'events' in the scheduling system and to realize that 
some can be partly described as 'action'. Most of the systems terms are 
adopted from Ackoff (1971). The environment (the components and their 
state) is not longer distinguished from the system itself. 

In the scheduling system only discrete variables are used to define a 
change in the state resulting in an event: Even if a continuous variable 
(moisture content) is the origin of the change, a discrete variable (work­
able) is related to it for convenience; a change in workable from true to 
false or reverse may cause an event. Other discrete variables have more 
than two values, for instance, an element of the scheduling system at any 
time is in use, waiting and able to be used, or not able to be used. The va­
lues of these three states of an element are 1, 2 and 3 or more general run, 
passive and down. The state 'down' for men occurs out of worktime, for ma­
chines after a failure and for materials when workable is false. The exact 
definition of the states in each component will be described later. 

'State' will be used to refer to the set of all state variables and their values 
and will also be used in a narrow sense to refer to the summarising state va­
riable with the values run, passive or down. 

Events are used in the description of the scheduling system as a comple­
mentary way of thinking; this stresses the dynamic aspects in addition to the 
static aspects which are emphasized in the systems method of thinking with 
components and relations. An event connects different components from 
cause to result in one and only one correct sequence. Such a sequence has to 
be reflected in the computational flow of a simulation model. To verify a 
simulation model events may be used to check if the correct flow of compu­
tations is guaranteed (Chapter 6 'Verification and validation'). 

The following Sections 2.2.1-4 describe a minimum of states necessary to 
describe the scheduling theory for the three subsystems; more details will be 
described in Chapter 4 'Base model'. 
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2.2.1 Materials and weather 

To discover states and events in materials (crops, soil, products), it is nec­
essary to look at the history of a material and at its environment: the 
weather. The example is taken from the cereal harvesting. Wheat in the 
field becomes available in some fields at the beginning of the season. Each 
field has its own ripening date and a date when the wheat becomes processa-
ble. The weather (rain, radiation) influences the moisture content of the 
grain and of the straw and therefore the workability. The state (narrow 
sense) of wheat is now defined as: 
- run or passive: if the wheat is available and workable and ready (i.e. the 

first field processable and workable); 
- down: otherwise. 
The variable available is true as soon as some area of the crop or product 
arises in the system (initially or from operations); it becomes false as soon as 
the crop or product is processed. The variable processable becomes true for 
wheat in a field for instance, two days before the ripeness date; for the wet 
grain, the straw, the bales and the stubble processable becomes true at the 
day of delivery. Workable, however, depends on the weather that influ­
ences the moisture content of grain, straw, bales and soil. Workability can 
depend not only on moisture content, it may depend also on rain (no rain 
for wheat and straw; < 1 mm/h for bales and stubble) or on properties of 
a field (moisture content, development stage). All these changes in the va­
riables processable, workable and ready modify the state of the material 
and cause an event. 

Exercise: Try to find examples of factors where workability is not only a 
property of the material (hay in all fields), but depends also on specific 
properties of hay in a field. Think of conditions for gathering the hay (mois­
ture, quality, development). 

Processing of materials causes other events. Combining wheat results in 
the delivery of (wet) grain and straw; the latter materials become available 
if they were not already available. The harvesting of grain results at some 
point in the completion of the harvesting in that field and thus 'processable' 
or 'workable' of the next field may be false. Completion of the harvesting of 
all wheat fields results in 'available' of wheat becoming false. These events 
arising from the material affect the state variables of the material; a change 
to down or from down may mean that a new decision is required, because 
the state of the system is changed in such a way that the scheduled opera­
tions can or must be revised. The state of the material may now be rede­
fined as: 
- run: an operation scheduled to process the material; material available 

and workable and ready; 
- passive: no operation scheduled; material available and workable and re­

ady; 
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- down: material not available or not workable or not ready. 
The change of the state to run or from run depends on the decision whether 
an operation that processes the material is scheduled or not; these events 
are caused by a decision and do not require a subsequent decision. To sum­
marise: a change in available, workable or ready changes the state from or 
to down and may require a decision; other changes in the state (from or to 
run) are originated by the decision to schedule operations. 

Exercise: The change of the state from run to down is one step (can you 
identify some causes?) and from down to run is possible only via passive 
(why?; can you distinguish an autonomous part and a decision part?). Be­
cause of other preferences in 'decision', the state 'passive' may be contin­
ued; do you think that then the change from passive to down requires a deci­
sion? 

If a material is delivered, for instance, wet grain, then a maximum quan­
tity can be achieved in store or transport. The event that delivery is no 
longer allowed requires a decision. The maximum quantity is fixed when 
storage is limited or a variable one when, for instance, the area of bales in 
the field depends on the predicted weather forecast or on the clocktime to 
prevent exposure of bales to rain at night. The scheme shown in Table 2.9 
shows a possible history of a material with causes and changes of variables. 
The origin of events is shown in Table 2.10. 

Table 2.9 A history of a material with causes and state variables. 

Bvail- Process- fork- Ready Processing 5tate Cause of change 
able able able 

false 
true 

false 

false 
true 

false 

true 

false 
true 

false 
true 

fal se 
false 
true 

false 
true 

false 

true 

true 
false 

true 
false 

true 
false 

down 
down 
down 
passive 
run 
down 
passive 
run 
down 

passive 
run 
down 

material delivered 
field prnressable 
Material workable 
operation scheduled 
material unworkable 
again workable 
operation scheduled 
field completed and 
next not proressable 
field processable 
operation scheduled 
material completed 

(<) blank value of variable means the value at the preceding line. 

Table 2.10 The transformation of states of material due to events. 

Current Resulting state of material 
state run passive down 

• run decision material*decisinn 

- passive decision material 

- down x material 

x« impossible transformation. 
ihere material is mentioned the transformation is autonomous 
(action)j the weather or a next field may be the very origin. 
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The above description of states and events in materials shows the influ­
ence on operations and decision and hence on the schedule. 

2.2.2 Men and machinery 

The history of men and machines in a scheduling system is considered to dis­
cover states and events. With men and machines a variable 'available' can 
be distinguished. The availability of men and machines may be limited to 
certain periods or seasons in a year. Seasonal labour, contract work and 
special equipment such as harvesters are examples of this. The availability 
of men is restricted also by the usual worktime and overtime with a weekly 
pattern; a wage allowance during overtime results in extra costs. 

Breakdown or failure of an item of equipment (machine, tractor) may oc­
cur during work, so 'repair needed1 is another relevant variable in the state 
of an element. The variable 'service needed' occurs when lubrication is nec­
essary for, for instance, a combine-harvester after more than eight hours 
use. After repair or servicing the variable 'repair needed' or 'service 
needed' of such an item becomes false. 

The state (narrow sense) of a man or an item of equipment can now be 
defined as: 
- run: in use by a gang; available, no repair needed and no service needed; 
- passive: not used; available, no repair needed and no service needed; 
- down: not available or repair needed or service needed. 
A change in the states from or to down causes an event in the system origi­
nated by the element (man or machine) itself. The change from or to run is 
caused by a decision and does not require a subsequent decision. The origin 
of events is shown in Table 2.11. 

The scheme shown in Table 2.12 shows a possible history of a man with 
causes and changes of variables. The scheme shown in Table 2.13 shows a 
possible history of a machine with causes and changes of variables. 

The remaining components in the man-machine subsystem are gangs and 
combinations. Both consist of a number of men and items of equipment; it 
suffices to describe the state of gangs only. A gang can be available in the 

Table 2.11 The transformation of states of men or machines due to events. 

Current 
state 

- run 

- passive 

* down 

Resu 
run 

decision 

X 

I ting state of Man or Machine 
passive down 

decision nan or Machine*decision 

Man or Machine 

Man or Machine 

x« impossible transforation. 
'Man or Machine* indirates an autonoMous transformation; start or 
end of worktime and failure or repair May be origins. 
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Table 2.12 A history of a man with causes and state variables. 

Available State Cause of change 

false 
true 

false 

down 
passive 
run 
passive 
run 
down 

worktime begins and nan is available 
man is used in a gang 
nan not used in any gang 
used again 
worktime ends 

(blank value of variable means the value at the preceding line) 

Table 2.13 A history of a machine with causes and state variables. 

Available Repair Service State Cause of change 
needed needed 

false down 
true false false passive machine becomes available 

in a period or week 
run machine is used in a gang 

true down breakdown occurred, machine 
failure but no service needed 

false passive machine is repaired 
run machine is used 
passive machine is not used in a gang 

true down machine stopped work and needs 
service 

false passive machine service completed 
"""•""•»•»»»••»•--•«»«»•»»•»» — »•«••—••»« «.- »»»«»•- — •» — •«•»»•-•••»»•»•«»« 

(blank value of variable means the value at the preceding line) 

Table 2.14 The transformation of states of gangs or combinations due to events. 

Turrent Resulting state of a gang/combination 
*tate run passive down 

•*un decisinn gang • decision 

passive derision gang 

down x gang 

x« impossible transformation. 
'Gang' indicates a transformation that may be originated by men or 
nachines. 

same way as men and machines i.e. a periodical and a weekly pattern. In 
addition to the availability of the gang as such, the availability of sufficient 
items of the required men and machines is distinguished (for combinations 
the availability of each gang is involved). Thus the state of a gang or combi­
nation is defined as: 
- run: in use; available and number of men and machines for use ^ the re­

quired number; 
- passive: not used; available and number of men and machines for use ^ 

the required number; 
- down: not available or number for use less than required number. 
An item for use must itself not be in the state 'down'! The change of state 
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from or to down is caused by the gang or one of the elements of men and 
machines required. The change from or to run, however, is caused by a de­
cision. Table 2.14 shows the origin of such an event for transformations 
from the current into a resulting state. 

The above description of states and events in the man-machine subsystem 
shows the influence on operations and decisions and hence on the schedule. 

2.2.3 Operations and decision 

The history of a component in the scheduling system is considered to dis­
cover states and events related to operations. Two other components are in­
volved: a related gang and the materials processed by the operation. In Sec­
tion 2.1.1 'Materials and weather' the processing conditions of a material 
were described, for instance, an interval of grain moisture contents 0-19% 
(dry), 19-23% (wet). Within an operation reference is made to one or some 
specific processing conditions of each material processed. It may be desired 
that wet grain is harvested with the one-man combine-harvesting operation 
only or in other words the two-men combine-harvesting operation is re­
stricted to the processing condition 'dry'. The materials produced by the op­
eration are not considered in the state of an operation, although, for in­
stance, a maximum quantity of a material produced is involved in the deci­
sion whether or not to operate. Because an operation is directly related to 
one and only one gang, it is not necessary to consider the availability of an 
operation, for it is already reflected completely in the gang. In every day 
language operations are the cause of a failure or of completion of harvest­
ing, but in scheduling it is made more specific and a failure is related to a 
machine, no worktime to men and terminating a field to a material; of 
course some causes only occur when an operation is involved. Thus the state 
of an operation is now directly defined as: 
- run: in use; related gang not down, processed materials not down and at 

least one appropriate processing condition of each material processed; 
- passive: not used; related gang not down, processed materials not down 

and at least one appropriate processing condition of each material proc­
essed; 

- down: gang is down or one of the processed materials is down or has inap­
propriate processing conditions. 

The changes from or to down are originated by the gang or by the materials 
processed (change in state or processing condition); a decision is involved 
with the changes from or to run. Table 2.15 shows the origin of such an 
event for transformations from the current state into a resulting state. 

The above description is related to operations which process materials. A 
similar definition of states is possible for operations repairing or servicing a 
machine; the definition is: 
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Table 2.15 The transformation of states of operations due to events. 
Current Resulting state of an operation 
state run passive down 

run decision gang or material 

• decision 

passive decision gang or material 

down x gang or material 

x* impossible transformation. 
Gang or material have some autonomous effects on operations. 

- run: in use; related gang not down, machine down and in need of repair 
or service; 

- passive: not used; related gang not down, machine down and in need of 
repair or service; 

- down: gang is down or no machine in need of repair or service. 
The gang for repairing consists of men and tools, and the operation contains 
a queue of machines in need of repair. Those machines are 'processed' to al­
low them to work again. 

It can be clearly seen that an operation is the entity where the man-ma­
chine subsystem meets the biological subsystem (or a machine in the case of 
service and repair operation) and relevant properties of both sides are in­
corporated in its own state. The history is looked at more closely and a new 
variable called a 'phase' is added to the state of an operation. The phase is 
said to be inactive when the state is passive or down. When the state is run, 
a number of phases are distinguished. The first phase when the operation 
starts is 'setup' and lasts for the set-up time of the gang (may be zero). The 
next phase is 'wait' until all the materials processed are available, for in­
stance, if the grain drying operation starts at the same moment as the com­
bine-harvesting operation, then the drying operation has to wait until the 
harvesting operation has completed the set-up time, arrived at the wheat 
field and actually harvested the wheat and delivered the grain to the drier. 
Once all the materials processed are available, the phase becomes 'busy'. 
At the moment when the operation stops, as prescribed by a decision, the 
phase becomes 'inactive'. At the same time the state changes from run to 
passive or down. 

Exercise: How does one interpret a sequence of phases in the operation of 
gathering bales: inactive, busy, wait, busy, if the area of bales is small and 
the baling operation and the gathering operation are started at the same 
time? What happens to the area of bales if the gathering is faster? 

The scheme shown in Table 2.16 shows a possible history of an operation 
with causes and changes of variables. 

A phase 'setup' is not considered in service-repair operations, because the 
set-up duration is contained in the time period needed to repair or service a 
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down 
passive 

run 

passive 
down 

inactive 

setup 

busy 

wait 

busy 
inartive 

Table 2.16 A history of an operation with causes and state variables. 

State Phase Cause of change 

gang becomes passive, 
material processed becomes passive or a processing 
condition of material processed becomes appropriate 
a decision starts the operation and the duration to set­
up the gang begins 
after the completion of the set-up the men and machines 
actually start work at a field 
this operation completed the processing of the material 
and another operation scheduled will deliver more 
material after its set-up duration 
this operation continues the processing of material 
a decision stops the operation for some reason 
the operation completed the processing of the material 
or processing conditions become inappropriate or 
gang becomes down 

(blank value of variable means the value at the preceding line) 

machine; a phase 'wait' is not applicable either. Why? 
So far no event caused by an operation has occurred; this agrees with the 

preference to be specific in relating changes in the scheduling system to 
physical objects. However, some events can be listed that are indirectly 
caused by the fact that an operation is in state 'run': 
- field is finished and next field is not available or not yet processable or 

workable; 
- the maximum quantity of a material is achieved; 
- a material is delivered and becomes available for processing; 
- a machine failure occurs; 
- a machine is repaired or service completed (in a service-repair opera­

tion). 
The other component of the decision subsystem is decision. This compo­

nent is required in each event; it changes the state of operations, gangs, 
materials (processed and delivered) and so indirectly may cause another 
event. When a decision is required, the component knows all the gangs and 
combinations related to operations that can perform work (i.e. are not 
down). The man-machine subsystem showed that at most one combination 
(or gang) should be selected from each set of combinations (Section 2.1.2 
'Men and machinery'). The selection is done by assigning urgencies to oper­
ations in some way (Elderen, 1977) and by preferring the combination with 
the maximum urgency. The operations that are scheduled until this point 
(and one may be involved in the cause that required a decision) can be 
stopped and the operations just selected are started. The selected opera­
tions remain scheduled until the next moment a decision is required. In this 
way a schedule (Section 2.1.3 'Operations and decision') is made as a se­
quence of intervals with some operations or without operations along a time 
axis. The allocation of operations in time, or scheduling, may result in the 
schedule with causes of events shown in Table 2.17. At 10:00 the grain is dry 
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Table 2.17 Schedule of operations in the wheat harvest and causes of events 

! worktime of men : no worktime 
Causes: ! moisture content of grain < 231 

S drier storage filled 
! bales are gathered 

t ime - - ..) 
Operations: 

combine harvesting •••••••••• 

drying wet grain +••+•••••+••••••++••+•*•••••+••+••••««« 

gathering bales ++++++++++ 

• • i i 
• i i i 

clocktimK 10:00 15:00 20:00 00:00 

enough to start the harvesting operation; the grain is so wet that the drying 
operation also starts. At 15:00 the grain drier store is full and harvesting 
stops. The bale gathering operation is selected and continues until 20:00 
when the bales are gathered. The automatic drying operation continues 
even after the worktime ends. All the different events from men, machines 
and materials create appropriate states in the decision component such as 
machine failure, material passive, material down. Within the decision these 
states are checked to react accordingly. Details are described in Chapter 5 
'Experimental frame'. 

The above description of states in the decision subsystem and of related 
events shows how operations and decision act and determine the schedule. 

2.2.4 Miscellaneous 

Some events in the scheduling model are additional, such as the creation of 
output required by the user. A separate component administration is distin­
guished that derives the desired information from men, machines, gangs, 
combinations, operations and materials and composes the output on each 
day, week, period or season. For this purpose updating of cumulative varia­
bles in each component is necessary, for instance, the duration the compo­
nent was in the state run, passive or down. 

Other additional events are not new but withdrawn from men, gangs or 
materials and concentrated in new components. The weekly pattern of men 
is such a new component with its own event that affects all the men behav­
ing according to that pattern; this component replaces common parts of 
each man and is a convenient method of handling identical events in similar 
components. For the same reason the periodical pattern of gangs and 
materials is a new component with events controlling the availability in a se­
quence of periods (seasons, months, weeks). Even the regular pattern of 
calculation of urgencies can be concentrated in a separate component; the 
related parts are withdrawn from materials. The system can handle several 
objects of the same component. Just as it is possible to have some men and 
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items of equipment, for instance, two or more weekly patterns can be cre­
ated. Of course a specific man has only one pattern and belongs to one of 
the specified patterns. 

2.3 Models and solution techniques 

In this section the relationship between a model of the scheduling system 
and some solution techniques as linear programming (LP), dynamic pro­
gramming (DP) and simulation is discussed. The techniques differ in the 
way they derive a solution, i.e. a schedule and costs, and not every aspect of 
the model can be represented correctly in each technique. Some technique 
may be more useful than another in certain situations. What are the advan­
tages and disadvantages? 

So far in Sections 2.1 Components and relations' and 2.2 'State, event 
and dynamic aspects' only one model of the scheduling system has been de­
veloped. If irrelevant elements are removed, it is still the same model with 
the same behaviour. However, more models can be created by introducing 
simplifications such as: 
- remove the set-up duration of a gang and incorporate it in a decreased 

rate of operation; 
- remove the need for service and repair of a machine and incorporate it in 

the rate of operation of the gangs; 
- collect the hourly workability of materials to workability durations within 

a day and remove the original chronological sequence partly, for in­
stance, two hours (10:00- 12:00) workable for all the work and two hours 
(16:00 - 18:00) workable for all the work is in the aggregated form four 
hours successively on that day; 

- relax the workability by giving up the simultaneousness of the workabil­
ity of cereal and of straw and restrict the use of the harvester with the 
workable duration of the cereal separately from the use of the baler with 
the workable duration of the straw. 
Some simplifications are useful to limit the amount of input data. The 

relationship between model, simplifications and solution techniques is itself 
an interesting research topic; very little is known of the quantitative effects 
on the solutions. Nevertheless some important relations between model and 
solution technique are discussed. 

For each solution technique some advantages and disadvantages are sum­
marized. 

Linear programming (LP) is a useful technique with standard formulation 
(linear equations in matrix form) and standard solution algorithm (e.g. Sim­
plex algorithm). The solution is optimum and derived in one step for the en­
tire model, i.e. all the information from the beginning until the end of a sea­
son is available at the start of the iterative algorithm. In the real life situa­
tion the farmer does not know the workability at the end of a harvesting sea-
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son at the beginnning of the season; so the result although optimum for the 
model, will be too optimistic. Such a matrix without probabilities of worka­
bility can be replaced by a so-called chance constrained matrix. It is as­
sumed that the set-up of an operation, the repair and the service are taken 
into account in the rate of operation. The aggregation of workability to daily 
intervals or even monthly intervals is possible at the expense of the loss of 
the sequence of the operations within the interval. 

Dynamic programming (DP) has a standard solution pattern (stepwise 
backward through stages) but no standard formulation or algorithm. The so­
lution is optimum (called a strategy) and derived in many steps for the en­
tire model (network). The probabilities of workability in the next stages can 
be given as in practice. Aggregation of workability to daily intervals is possi­
ble and the sequence of operations within the interval is maintained i.e. the 
flow of materials is correct, for instance, the straw is not baled before it is 
delivered by the harvesting operation. An interval between two stages has 
only one workability without any intermediate changes: the interval is uni­
form. 

Simulation has no standard solution nor a standard formulation or an al­
gorithm. To solve a model with simulation an algorithm must be defined for 
scheduling operations. Such a heuristic strategy (term from DP, or tactical 
rule according to planning terminology) is described by Elderen [1977]; it 
derives urgencies of operations from timeliness functions of crops. Because 
the strategy selects a path in the network in a myopic (short sighted) way, it 
cannot achieve the optimum solution. The representation of probabilities of 
workability is given as in practice by expected durations for the next period. 
The aggregation of workability to daily intervals is possible and the se­
quence of operations within the interval is maintained i.e. the flow of 
materials is correct. In a simulation model a lot of detail can be added (set­
up of operation, failure of machine, service, rate of operation related to 
moisture contents, etc.) with a limited increase in the size of the model. 

Practical experience so far is too limited to demonstrate the above advan­
tages and disadvantages of techniques. It is impossible in this publication to 
fully investigate the differences between the techniques for solving a sched­
uling model. Nevertheless the scheme is shown in Table 2.18 showing differ­
ences and similarities. 

The above review shows that for aggregated problems DP creates a rea­
listic, optimum solution of the schedule and is an excellent, objective mea­
sure for other techniques. The LP method results in a too optimistic solution 
and simulation in a sub-optimum solution (Elderen, 1980). Until now no 
quantative insight was available into the differences with DP. To find the 
relationship between simplifications, models and techniques, it is necessary 
to develop useful research tools and practical tools for scheduling problems 
andjarm planning. 

So far labour budgeting has not been mentioned. Labour budgeting has 
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Table 2.18 Some characteristics of scheduling techniques. 

Solution*. 

- procedure 
• number of steps 

- optimality 

Structure of model: 

• workability 

- aggregated 
workability 

Pdvantages: 

• solution 

- model 

Disadvantages: 

- solution 
• size of aodel 
- model of 

acceptable size 

Linear 
programming 

simplex 
one 

optimum 
(perfect inform, 

duration 

loss of 
correct flow 

standard 
algorithm 
inequalities 

too optimistic 
limited 

aggregated 

Dynamic 
programming 

backward steps 
one at each 
stage 
optimum 

,) 

chronological 
sequence 
arbitrary 
sequence and 
uniform interval 

complete search 

network 

limited 

aggregated 

Simulation 

• 

heuristic strategy 
one at each stage 

sub-optimum 
(myopic search) 

chronological 
sequence 
arbitrary 
sequence 

network 

sub-optimum 

aspects similar to simulation with a simple strategy (priorities of operations) 
and a simplified structure of the model (aggregation and use of man-hours 
only). 

This publication on a simulation model of the scheduling problem de­
scribes a research tool which can obtain quantitative data with different 
models (different levels of simplification). It is a partial answer designed to 
help obtain quantitative differences in solutions with several techniques and 
models. These data are needed to select appropriate techniques and models 
to advise farmers. 
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3 A SIMULATION TOOL: SIMULA 

Three approaches can be used to describe a simulation system (Pidd, 1984). 
The first one describes the system as the behaviour of each component in 
the system, of each man, each machine, operation or material; this is called 
the process-description. The second approach is the activity-description, 
that describes the circumstances and conditions when it happens and the 
consequences for each activity (for instance, add men for work at the begin­
ning of worktime). The third approach is the event-description, that de­
scribes a change in the system and the consequences under different condi­
tions, for instance, the arrival of men for work happens and the conse­
quences for the gangs and operations are listed. The second and third ap­
proach are very similar and both concentrate on changes in the system oc­
curring at a moment in time. The first approach, however, concentrates on 
the components and their history, their process. This description is closer to 
the description adopted in system methodology and will be used here. Only 
some languages are able to describe a system as processes of components. 
From the available means (GPSS and SIMULA) SIMULA is used , because 
it is a general purpose language with some discrete dynamic simulation fa­
cilities and a language that allows a structured programming approach as in 
Algol and Pascal. This chapter is not intended to describe the SIMULA lan­
guage completely. It is assumed that the use of blocks enclosed in a pair of 
'begin', 'end', the use of indentation of statements within a block, the decla­
ration of local variables in a block and of procedures is well known (Birt-
wistle et al., 1973). Those aspects that are typical of SIMULA and useful in 
simulations are described; one section (3.1 'Components') describes the 
method distinguishing components and elements, another section (3.2 'Sim­
ulation of processes') describes the facilities for simulation and finally (3.3 
'Utility programs') some utility programs are mentioned. An excellent and 
extensive description of these aspects is given by Franta (1977); he explains 
the process view of simulation by the use of SIMULA. SIMULA has no spe­
cial facilities to simulate continuous processes; the simulation of continuous 
parts within a discrete system is possible by developing appropriate proce­
dures or by using external procedures already developed in other languages. 
SIMULA is available on many main-frame computers and some minicom­
puters; SIMULA for microcomputers is not yet available but developed 
partly. 
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3.1 Components 

System methodology distinguishes components and relations between com­
ponents; a component consists of similar items or elements. The component 
men and machinery of the scheduling system for example consists of two 
sub-components men and machines, respectively that each covers some men 
and several different machines. SIMULA uses the 'class' concept to define a 
component or a sub-component. One particular item is called an object of 
the class. For example the information in Table 3.1. was coded in the sched­
uling model. The men and machinery component is then declared by 'class 
LABR-EQPMNT and the two sub-components for men and machines, re­
spectively by 'LABOUR' and 'EQUIPMENT'. Each class or sub-class can 
have parameters, variables, procedures and statements. The parameters, 
the variables and the procedures are called the attributes of the class or sub­
class; so values and instructions (call of functions or procedures) may be at­
tributes. The prefix LABR-EQPMNT before class LABOUR and class 
EQUIPMENT means that LABOUR and EQUIPMENT are subclasses of 
LABR-EQPMNT. The latter declares the attributes common to men and to 
machinery, for instance, time used. The specific attributes of men such as 
wages belong to subclass LABOUR and those specific for machinery such as 
storage capacity, power, working width are declared in subclass EQUIP­
MENT. EQUIPMENT could be subdivided into subclasses for animal 
power, tractors, self-propelled machines, trailers, installations each with its 
own attributes. A man is a specific object of class LABOUR and has all the 
attributes of LABOUR and (by means of the prefix) also of LABR-
EQPMNT. 

How can one distinguish in the model between men and between different 
machines? So-called reference variables can be defined; a reference varia-

Table 3.1 Example of code in the scheduling model. 
class LRBR.EQPMNT (formal parameter); 
declaration nf formal parameters 
begin 

declaration of local variables 
declaration of local procedures 
statements 

end; 

LRBR.EGPMNT class LRBOUR; 
begin 

declaration of local variables 
declaration of local procedures 
statements 

end; 

LRBR.EQPMNT class EQUIPMENT; 
begin 

declaration of local variables 
declaration of local procedures 
statements 

end; 
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ble MAN[i], for instance, refers to an object of LABOUR and a reference 
variable MACH[i] refers to an object of EQUIPMENT or refers to no ob­
ject (called 'none') at all. An object can be created dynamically in the 
model at appropriate moments in the program by incorporating a statement: 

MACH[i]:- new EQUIPMENT (actual parameters); 

where ':-' is pronounced as 'denotes' and means that MACH[i] refers to this 
specific object of subclass EQUIPMENT. Elsewhere in the program outside 
the class EQUIPMENT (and LABR-EQPMNT) the attributes of this spe­
cific object can now be used in a statement by using: 

'ref. variable', 'dot', 'attribute name' for instance, 
MACH[1]. storage capacity: = 1.5 

i.e. machine one's storage capacity becomes 1.5. 
In general when a procedure is called or a block of statements is to be ex­

ecuted, then core is dynamically added to the program and after passing the 
last 'end' the copy in core is lost. In contrast to this: even when all the 
statements of an object are executed and the last 'end' is passed, the object 
itself and its attributes remain as long as a reference to the object exists. 
This creates the option to use an object as a data-block and to refer to each 
attribute (parameter, variable or procedure) from outside. 

Enough is now known about the use of class as a way of defining compo­
nents and the use of a reference variable to refer to specific objects. The fol­
lowing additional information can be given without explanation: 
- a procedure can be declared 'virtual' in a class; if defined in that class it 

can be redefined in subclasses; the procedure definition at the lowest sub­
class level will be used; for instance, when the class 'OPERATION' has 
two subclasses one to operate on materials and one for service and repair 
of machines a procedure 'START-OPRTN-' can be defined in each sub­
class with statements specific for each type of operation and still refer to 
these procedures as an attribute of the superclass 'OPERATION' without 
knowing which specific type of. operation is involved; a convention is 
adopted to end the names of such virtual procedures with '-', an under­
score; note that the underscore in text is printed as '-' and in the tables as 
an underscore; 

- a reference L-E to an object of class LABR-EQPMNT can only refer to 
attributes of that class; if one wants to refer to attributes of the subclass, a 
distinction can be made between subclasses by using: 
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inspect L-E when LABOUR do 
when EQUIPMENT do 
otherwise ; 

or when it is known that L-E refers to a machine the following is used: 

L-E qua EQUIPMENT. attribute; 

attributes of superclasses can be called directly in a subclass in general; 
- a comparison of reference variables uses the symbols ' == ' and '= /= ' to 

distinguish the fact, that two reference variables may denote the same or 
different objects, respectively, for instance, if MAN[1] =/= none then...; 

- separated compilation of parts of a program is possible and such parts can 
be used by other parts by using the external declaration and a prefix, for 
instance: 

external class SFOBASE-MODEL; 
• • • 

SFOBASE-MODEL class SFOEXPERIMENT; 

if the class SFOBASE-MODEL is already compiled separately. 
The options of 'class' are extended in the following section by incorporating 
dynamic aspects of processes. 

3.2 Simulation of processes 

Simulation of a system and modelling it according to the process view re­
quires in the language extra facilities. These facilities are available in SIM­
ULA by a system defined class 'simulation' and are fully available by using 
that class as a prefix of the class 'scheduling farm operations base model': 

Simulation class SFOBASE-MODEL; 
begin 

declaration of global variables 
declaration of global procedures 
declaration of classes 
statements 

end; 

There are three groups of facilities available. The first group concerns the 
time axis. It consists of the variable 'Time' and a sequencing set. That set 
has a sequence of event notices; each event notice contains a reference to 
the scheduled object, the moment that the event will happen, the preceding 
and the following objects scheduled in the set of events. A new object 
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placed into the sequencing set checks the moments and is positioned accord­
ingly. 

The second group offers the queueing facilities. The queue is an object of 
class 'Head' and a reference to it is declared by: 

ref(Head)QUEUEl,...; 

where attributes are available such as 'First', 'Last' object in the queue. An 
object that is placed in a queue must be declared with prefix 'link' as: 

Link class ABC; 

where 'Link' adds to the class ABC attributes like 'Sue', 'Pred' (to know the 
successor and the predecessor), 'Out', 'Into' and 'Follow (x)' to move the 
object out of the queue, into the queue at the end or after object x. With 
these facilities a queue of men available for work or a queue of fields be­
longing to a crop can be created. 

The third group of facilities concerns the method of handling classes of 
objects as processes. A class with prefix 'Process' is declared as: 

Process class LABR-EQPMNT; 

and now this component of man and machinery is 'living'; each object has its 
own history and life even in the simulation model. How is that achieved? 
Usually when a block of statements, a procedure or the statements of a class 
object are executed, then the statements are handled sequentially (except 
for choices with 'if ... then ... else ...' and repetitions with 'while ... do ...' or 
'for ... do ...') until the very end. The computer can only work sequentially 
which means that parallel simultaneous processes have to be handled quasi-
parallel by inserting activation and deactivation statements in a process to 
interrupt the sequential execution of statements in the program. The follow­
ing activation and deactivation procedures are available in superclass 'Proc­
ess' and can be used in a statement: 

Activate REF-PROCESS at T; 
Reactivate REF-PROCESS at T; 
Hold(Tl); 
Passivate; 
Wait(Ql); 
Cancel (REF-PROCESS); 

where REF-PROCESS is a reference to a process, T a variable related to 
Time' and the time axis, Tl a duration and Ql a queue reference. The 
(re)activation statement also has other forms to delay the execution for a 
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time period or to place the object at the time-axis after another object 
scheduled on the time-axis. To stop the execution of the active object at the 
current Time', Passivate, Wait or Cancel is used and the execution contin­
ues with the statements of the next, i.e. the first object on the time axis; the 
former object was 'Current' (a system reference to the active object) and is 
now removed from the time axis; the system knows where the execution of 
statements is interrupted for each process object and may be continued later 
on. By using Hold, the object is replaced on the time axis at a moment Tl 
from now (now is the current moment in the simulation, known as Time'), 
the execution of statements is interrupted and continued with the next ob­
ject on the time axis. 

Another object can be scheduled within an object by using Activate (if 
not yet scheduled) or Reactivate with a reference to that other object. If an 
object is scheduled, it can be removed from the time axis by using Cancel 
with a reference to the object. Hold, Passivate and Wait remove the 'Cur­
rent' object from the time-axis. With the use of a reference in Activate, Re­
activate and Cancel the object involved is known exactly. The use of Hold, 
Passivate and Wait, however, is restricted implicitly to the active object ref­
erenced by 'Current'; to prevent misunderstanding a convention is adopted: 
use these procedures only in the statements of a process and not in proce­
dures, because procedures can be called from outside the object. 

Exercise: If Passivate was used in a procedure of the class LABOUR and 
that procedure is called from the current object OPERATION, can you tell 
which object is removed from the time-axis? Is that the same object where 
Passivate is mentioned? 

An example from wheat harvesting is as follows. The wheat-harvesting 
operation is scheduled at 8:00, i.e. at 8:00 on the time axis the operation 
combine-harvesting is 'current'. From that moment, the harvester is being 
used and a failure may occur; for this reason, the harvester is scheduled on 
the time axis, for instance, at 10:35. At the moment the operation starts 
(8:00), the wheat is scheduled at a future moment when the field will be har­
vested, say at 15:17. At 10:35, the harvester becomes the 'current' object; 
because of the failure, the harvesting operation is scheduled at 10:35 to fin­
ish the operation; the decision process is also scheduled to find the subse­
quent operation, for instance, the repair of the harvester. The wheat har­
vesting stops at 10:35 and the event expected at 15:17 will not occur, so this 
object is cancelled from the time axis. 

Insight is now necessary into the possible states of a process object and 
how these states are achieved. Franta (1977) distinguishes four states: 
- active: execution of statements (processor attention); the object is the 

first on the time axis and referenced as 'Current'; 
- suspended: an event-notice for the object is on the time axis; 
- passivated: no event-notice at any time, but activation can still happen; 

the object is considered idle, not on the time axis; 
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- terminated: no event-notice, activation impossible; the object exhausted 
its action statements and continues to exist as data object as long as a ref­
erence to it exists. 

The transfer from an existing state of a process object into a following state 
is achieved by the activation and deactivation statements according to the 
scheme shown in Table 3.2. 

To distinguish between these states 'Process' has some variables: 
- Idle: true if not on the time axis (passivated, terminated); 
- Terminated: true if statements are exhausted (terminated); 
- Evtime: the event time is only given when the object is on the time axis 

(active, suspended) and equals Time' when the object is 'Current'. 
To illustrate the use the code is discussed which is shown in Table 3.3 con­

cerning the operations, materials and fields in the base model of the sched­
uling of farm operations. Within the declaration of a class several sections 
can be distinguished. The declaration section declares variables and proce­
dures, the initial section reads initial values of variables from input data and 
creates the initial state of an object, the dynamic section is used as long as 
the variable END-EXPRMNT, end of experiment, is false ('—' or 'not'; not 
false means 'true'; so while true do ...) and afterwards the terminal section 
is executed. In class OPERATION a procedure OPERATE is declared that 
activates the dynamic section at moment Time' and 'prior' to 'Current', this 
means immediately. The dynamic section shows the use of Hold and Passi-
vate and describes as comment (between ! and ;) where it will be activated 
at a future moment. 

The declaration of class MATERIAL shows the procedure PROCESS-
MAT where the procedure OPERATE of an operation (referenced by 
OPR) is called. In the dynamic section there is the call of PROCESS-MAT 
and the reactivation of this MATERIAL object at a future moment or Pas-
sivate. So if MATERIAL is scheduled and becomes active then PROCESS-
MAT is called, that on its turn calls OPR.OPERATE, which activates the 

Table 3.2 Transformation of states of a 'Process* object and (de)activation procedures. 

Existing 
state 

active 

suspended 

passivated 

terminated 

active 

w 

Q 

Pctivate 
Reactivate 

-

Fotlowi 
suspended 

Hold 
Reactivate 

Reactivate 

Pctivate 
Reactivate 

«• 

ng states 
passivated 

Pdssivate 
fait 
Cancel 

Cancel 

« 

-

terminated 

B 

-

-

« 

'A' occurs automaticly by stopping the execution of statements of the 
preceding act ive ob jec t ; 
I D * 
B' occurs when an active object passes its final end. 
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Table 3.3 Example of code of operations, materials and fields in the scheduling model. 

Simulation class 5F0BASE.MODEL; 
begin 

• • • 
Process clats OPERATION; 
begin 

( d e c l a r a t i o n ; 
• • • 

procedure OPERATEj 
btgin 

Activate this OPERATION at Tim prior; 
and; 
• • • 

1 i n i t i a l ; 
• • • 

i d y n a m i c ; 
white not END_EXPRMNT do begin 

• • • 

Hold (set-up duration); 
• • • 
Passivatt; I activated by OPERATE; 

Passivate; I activated by START.OPRTN.; 
end; 
I t e r n i n a l ; 
• • • 

end; 

Process class MATERIAL; 
begin 

I d e c l a r a t i o n ; 
• • • 
procedure PROCESSJtAT; 
begin 

OPR.OPERATE; 
• • • 

end; 
• • • 
I i n i t i a l ; 
• • • 
I d y n a m i c ; 

while not END.EXPRMNT do begin 

PROCESS JtAT; 

i f . . . then Reactivate this MATERIAL at . . . 
else Passivate; I reactivated in . . . ; 

end; 
I t e r m i n a l ; 

tndt 

Link class FIELO; 
begin 

• • • 
end; 
• • • 

end; 

operation. A material is scheduled at the moment when for instance, a field 
is processed completely or all fields are processed and at such a moment it is 
appropriate to require from operation to update the state of the materials 
involved i.e. to consume the quantity of the processed material and to de­
liver it to other materials (to harvest wheat and to produce grain and straw). 
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In this way the execution of statements in an operation is controlled by the 
events occurring to the materials involved. 

The declaration of FIELD shows that it is not declared as a living process, 
but only as an object that can be queued; in this case in a queue belonging to 
a material. 

The example shown does not show the use of activation and deactivation 
statements in the initial or terminal sections. 

The above description of the incorporation of simulation facilities in a 
SIMULA program will be extended in the following chapters, which de­
scribe the base model and the experimental frame. 

3.3 Utility programs 

SIMULA has several utility programs; some programs are not available on 
all computers or are available under other names than used within DEC10-
SIMULA. 

The programs that convert a source program are: 
- SIMED, it edits the source program; it indents according to the begin ... 

end level; it uses capital letters or small letters for system defined words, 
standard identifiers, own identifiers and comment; in this publication cap­
ital letters are preferred for own identifiers and small letters for system 
defined words, standard identifiers (first letter in capital) and comment; 

- SIMIBM, translates a DEC-10 source program to IBM SIMULA. 
The program used for conversational input and output of data is 

SAFEIO; it will be used to prepare or to revise the input files of the schedul­
ing system. 

SIMDBM is a Codasyl data base management system, that is not yet used 
m this scheduling model. 

When running an experiment with the simulation model SIMDDT, a de­
bugging system, can be used. When the program detects a run time error, 
for instance, a reference variable denotes to 'none' instead of to an object 
such as OPR, then SIMDDT is entered and it is possible to see which ob­
jects are scheduled, what is the chain of procedures called from the 'Cur­
rent' object, what is the value of variables of each object. The program al­
lows: change of the value of variables, definition of messages at particular 
lines of the program when executed; the message can contain the value of 
variables and can be wanted each time the line is executed or only at a cer­
tain condition. This program is extremely useful to detect the flow of pro­
gram execution and of mistakes. 
.. Many utility programs concern the input/output (to prevent the use of the 
basic primaries to read or write an integer, a real number, a Boolean, a 
text) and the use of histograms and statistical data such as mean value and 
standard deviation. All these programs are mentioned before the program 
declarations by: 
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external integer procedure IMIN, IMAX; 
externa] procedure READ, WRITE, SIGMEAN, HISTP; 

and can be used in the statements, for instance, C:= IMIN (A, B). 
The above sections are sufficient to present some idea of the options of 

SIMULA as a general purpose language with good simulation facilities. The 
information descibed is incomplete. For practical use textbooks and, for in­
stance, DECSYSTEM-10 SIMULA Language Handbooks are indispens­
able. It should be possible, however, to understand the use of the language 
in the following chapters. 
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4 BASE MODEL 

In Chapter 2 Theory of scheduling' a general description is given of the 
scheduling system on a farm with all its components and in Chapter 3 'A 
simulation tool: SIMULA' the computer language SIMULA is illustrated 
together with simulation facilities. This chapter integrates the theory and 
the language and describes the program. The three subsystems (materials, 
4.1; men and machinery, 4.2; operations,4.3) and some additional facilities 
(4.4) are described in general terms; details can be studied by carefully con­
sidering the variables, the initialization and the procedures within the 
classes. 

The outline of the base model program is shown in Table 4.1. Classes and 
references to these classes are shown together with special classes used to 
place a record, a box in a queue (and so 'link' as prefix), where the record 
refers to some object. The subclasses are indented to show them clearly. 
The classes and subclasses prefixed directly or indirectly by Process are enti­
ties with a history and are the components of the system as described in Sec­
tion 2.1 'Components and relations'; they belong to the man-machine sub­
system, the biological subsystem, the decision subsystem or are auxiliary 
components for the system. Other classes are only facilities to create data 
objects for administrative purposes (COMP-ADMINISTRATION, 
MATRL-ADMN) or to queue objects (Link class ). In the base model 
°nly those attributes of classes are programmed which do not depend on 
particular operations or crops (wheat, corn, potatoes), or experimental con­
ditions (weather data). The specific attributes are described in Chapter 5 
'Experimental frame' together with extensions of the components DECI­
SION, WEATHER-MATRL and ADMINISTRATOR. 

The SFOB ASE-MODEL (base model of Scheduling Farm Operations) it­
self is a class that is compiled seperately and used as a prefix in the experi­
mental frame program (a seperate program). Before the details of the com­
ponents are described in the next sections a class COMPONENT and the 
general part of class SFOB ASE-MODEL are described. 

The general class COMPONENT contains the attributes (parameters, va­
riables and procedures) common to most of the subclasses. Table 4.2 shows 
the parameters, the virtual procedures and the variables. The parameters 
a?"e: a name of the component and two references to shifts (Section 4.4 'Mis­
cellaneous' of this chapter). Both references may refer to 'none' (i.e. no 
shift at all), but if SH-WK =/= none then SH-PRD has also to refer to a 
shift because the weekly pattern of SH-WK is activated only during relevant 
Periods of SH-PRD. The 'virtual' procedures may be redefined within sub­
classes as actual procedures and are used: 
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Table 4.1 General outline of class SFOB ASE-MODEL and its attributes. 

Simulation class 5FDBASE.M0DEL ( ); 
begin 

Process class SHIFT PERD ( ); 
Process class SHIFT.iEEK; 
Process class SHIFT UR6; 
class COMP ADMINISTRATION ( ); 
Process class COMPONENT ( ); 

COMPONENT class LABR EQPMNT ( ); 
LPBR EQPMNT class LABOUR; 
LRBR EQPMNT class EQUIPMENT; 

COMPONENT class MAN MRCH 5Y5 ( ); 
MAN MACH SYS class MAN MACH SET? 
MAN~MACH~5YS class 6AN6 SETj 

"6AN6~SET class 6RNfTSET 6NRTD; 
COMPONENT class MM_5YSTMS_5ET; 

COMPONENT class OPERATION; 
OPERATION class OPRTN MATRL; 
OPERATION class SRVC.REPR; 

COMPONENT class MATERIAL C ); 
MATERIAL class PROCESSED MAT ( ); 

PROCESSED MAT class INITIAL.MAT; 
PROCESSED MAT class INTERMDT MAT; 

MATERIAL class FINAL MAT; 
COMPONENT class ADMINISTRATOR; 

class MATRL.ADMN ( ); 
class AREA; 
Link class FIELD; 
Process class UPDT MAN MCH; 
Process class DECISION ( ); 
Process class iEATHER_MATRL; 

ef (SHIFT PERO) array SH PERD 10:5H5 PERDJ; 
ef (SHIFT'iEEK) array SH flCLY (O-.SHS'iKLYJ; 
ef C5HIFTJJR6) array SH URS M:SHS URS J; 
ef (COMPONENT) array COMPNT 11: ); 
ef (LABOUR) array MAN MtMANN); 
ef (EQUIPMENT) array MACH (1:MACHNS1; 
ef (MAN MACH SYS) array MM S (1:6ANGS.• TOMBS 6*31; 
ef (MAN~MACH~5ET) array 6ANS (1:BAN65I; 
ef (GAN6 SET) array COMB 6 M:COMBS 6t3); 
ef (OPERATION) array OPRTN M:0PRTNS MT • 0PRTN5 5 R); 
ef (OPRTN MATRL) array OPR MAT M:0PRTN5 MT); 
ef (SRVC.REPR) array 0PR_5_R (0:0PRTN5.S.R); 
ef (MATERIAL) array MATRL FOrMATRLSI; 
ef (PR0CE5SED MAT) array MATRL PRC MtMATRLS PROCI 
ef (ADMINISTRATOR) ADMN; 
ef (UPDT MAN MCH) UPDT MM SYS; 
ef (DECISION) DECIDE; " 
ef (iEATHER.MATRL) •TH.MAT; 

ink class RECORD COMP (CMP); ref (COMPONENT) CMP; 
ink class REC0RD~LE (LBR EQP); ref (IABR EQPMNT) LBR EQP; 
ink class RECORD LB (LBR); ref (LABOUR) LBR; 
ink class RECORD JIM 5 (HNJCH SYS); ref (MAN MACH.SYS) MN MCH_5Y5; 
ink class RECORD~QPR (OPR MT); ref (OPRTN MATRL) OPR MT; 
ink class RECORDER RP (5R RP); ref (SRVC~REPR) SR RP; 
ink class RECORD.MAT (MATRL.RF); ref (MATERIAL) MATRL.RF; 

end; 
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Table 4.2 Class COMPONENT; parameters, virtual procedures and declaration of variables. 

Process class CQHPONENT |t*s«««««t*»**a*««ix«««««««ti**«««««*«««« . 
CNRHE.COHP, 5H PRD, 5H • * ) ; 
value NOME COHPj 
text NOME COMP; 
ref (5HIFT.PERD) 5H PRD; 
ref (5HIFT~fEEK) SH~iK; lif sh wk then also sh_prd «/« none! I j 
virtual: procedure 5HIFT.CHN6E., RE5ET_, INIT_INPUT_; 
begin 

I d t c l A c a t i o n } 
real I ; 
COSTS MADE, Ir.um costs mad*, previous time; 
C05T5~H, COSTS H FXD, COSTS 0, Icosts/hourCvar.,fixed),/day; 
T_RUN~QVERTM, " " Ifor category of costs ctgr > 1; 
LTJ?PD, l.T_C; llasttiwe of update of time used/ costs; 
real array ' • 
TIMEJJ5ED 11:31; Ir.umulative time used tdl in state: 1«run, 2«passive; 
1 3*down; 
boolean | . . . - - - . - - - - - - - - - . - - . - - - • 
BVLB_C0MP, nVLB_COMP_PRj l ava i lab i l i ty is changed by shift_perd or shift_week; 
in t eger 1 » 
CT6R, Icurrent category of costs in shift_week; 
5TPTE, 5TRTE PREV, 5TBTE NEXT; !« run, passive or down for current/ previous/ next state; 
text " ~ I i 
NRME12, NRME7; 1 subtexts of name_comp; 
ref (COMP RDHINISTRRTI0N) 
COMP RDMIN; lused to record details of components if wanted; 

- to change the state of the component when a shift requires this (SHIFT-
CHNGE-), 

- to reset the component in a situation that is required as the initial state of 
a season (RESET-) and 

- to read the initial values of variables of the component from input files at 
the initialization of the experiment (INIT-INPUT-). 

Note the convention to use *-' as the last character of a virtual procedure 
identifier. The variables declared belong to costs, time used, the availability 
of the component and its state. The comment between '!' and ';' shows fur­
ther details. The use of the variables in procedures will also contribute to 
understanding their meaning. Table 4.3 shows two procedures of the com­
ponent. SHIFT-CHNGE- is called from the shifts that control the availabil­
ity of the component, AVLB-COMP over periods (Table 4.103) and within 
a week (Table 4.105); the current category of costs, CTGR is updated. 
TIME-C-ACCUM accumulates the time durations and the costs with a sys-
ten defined procedure 'Accum' that requires the cumulative variable, the 
Previous moment of accumulation (the duration ranges from that moment to 
the current moment), the level and a change of the level (not used). Later it 
checks whether more detailed administration of the component is expected 
by COMP-ADMIN that refers to an object of class COMP-ADMINISTRA-
TION. The latter class has only an empty, virtual procedure TIME-C-ACC-
(Table 7.6) that has to be defined in a subclass (outside the base model in 
the experimental frame such a subclass can define statistics as mean and va­
riance or record costs per category of overtime costs etc.). Table 4.4 shows 
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Table 4.3 Procedures SHIFT-CHNGE- and TIME-C-ACCUM of class COMPONENT. 

procedure SHIFT_CHN6E_; I ; 
begin Icalled in shift week and shift_perd; 

TIHE_C.RCCUH; 
i f SH itC «/» none then begin 

RVLB COUP:- 5H IJC.RVLB • * ; 
CT6R7- SH.IIC.COST.CTGRT 

end else RVLB C0MP:« true; 
RVLB.COHP:* RVLB_C0HP *nd ( i f 5H_PRD «/« none then 5H_PRD.RVLB_PRD else true)? 

end; Iredefined in some subclass; 

procedure TIHE_C_RCCUH; I ; 
if RVLB COMP then begin Icalled in state ch_..., shift_chnge_, administration; 

COSTS D:« (COSTS H • COSTS H FXO) t 24.0; (variable • fixed costs per hour — > per day; 
if STRTE » RUM then flccui^COSTS.HRQE.LT.C, CQ5T5_D, 0.0) else LT_C:» Tine; 
I IRccu* requires: cun.var., prev.moment, level, change of level; 
if 5TRTE « RUN and CT6R > 1 then T RUN 0VERTH:« T RUN OVERTN • Time - LT.RPD; 
Rccum (TIHE.USED (STRTE), LT_RPD, LEVEL1, 0.0); tin (d); 
I I tine used (run) is needed in scheduling failures nr service; 
if COHP.RDHIN ./«"none then C0HPJHJMIN.TIHE_C.RCC_; 

end else 
begin . 

LT C:« LT RPD:« Tine; 
if~C0HP_RDHIN «/« none then C0HP_RDHIN.TIHE_C.RCC_; 

end; 

Table 4.4 Procedure RESET and the initial section of class COMPONENT. 
procedure RESET; I - — — - - — ----• 
begin Icalled in reload; 

COSTS MPDE:« 0.0; LT C:« LT RPD:« Ti»e; T RUN QVERTH:* 0.0; 
for I1:« RUN,PRS5IVE,D0fN do TIHE USED (I1):«"0.0; 
RESET,; 

end; 

procedure RESET.;; (redefined in specific component if wanted; 

procedure INIT_INPUT_; ; Iredefined in specific component; 

( i n i t i a l ; 

NRHE12:- NRHE.C0HP.Subd, 12); 
NRHE7:- NRHE C0HP.Sub(1,7); Inane coup is assumed 24 char, long; 
if SH.PRD •/« none then new REC0RD.C0HP (this'COHPONENT). Into (SH_PRD.C0HP_Q) 
else RVl.B C0HP:« true; 
if SH_ftT«/« none then new REC0RD_C0HP (this C0HP0NENT). Into (SH_fK.CHP.Q); 
(else avlb.comp:* avtb.comp and true; 
CT6R:« 1; 
5TRTE:« STRTE_N£XT:< RUN; (initial if not redefined in subclass; 
inner; (initial section of subclass executed; 

the initial section of this class where abbreviated names of twelve and seven 
characters are denoted to NAME12 and NAME7, the component is queued 
in the queue of components of the shifts SH-PRD and SH-WK to let those 
shifts know the components they control or AVLB-COMP is independent of 
the shifts and set correctly, the cost category and the state are assigned de­
fault values and the initial section of a subclass follows (the same as assumed 
by the language if 'inner' was not programmed). Procedure RESET shows 
the variables made zero when the system is 'reloaded' for another season. 
Further resetting of variables in subclasses is requested in RESET- which is 
defined in the subclass. If the subclass does not require RESET- then the 
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Table 4.5 Class SFOBASE-MODEL and its parameters. 
Simulation class 5F0BR5E_M0DEL l««**«*«x«*«*»*»**«*»*«srx««s*«««««»e*x*«• 
CLE..SQN5, MRNN, MRCHNS, MM 5 5ET5, GRN65, COMBS 6, OPRTNS MT, 0PRTN5 5 R, 
MRTRLS.INIT, MRTRLS.PROC, MRTRL5, 5H5_PERD, SHSJNCLY, 5H5JJR6); 
integer 
LEJ5GN5, inumber of types of labour & equipment; 
MRNN, Inumber of men; 
MPCHNS, Inumber of machines as tractors, animals, implements a,b,..,tools; 
MM_5_SET5, (number of sets of combinations, see class definition; 
6RN65, Inumber of gangs; 
C0MB5J3, Inumber of pure combinations: with two or more gangs; 
0PRTN5_MT, OPRTNS S R, Inumber of operations for material, for service & repair; 
MRTRLSJNIT, " " Inumber of initial materials; 
MRTRL5J»R0C, Inumber of mat.processed; 
MRTRL5, Inumber of materials; 
5H5JWCLY, 5H5..PERD, Inumber of shifttypes for components: week,/period; 
5H5JJR6; Inumber of shifttypes for urgency calc. of materials; 
begin 

Table 4.6 Declaration of variables of class SFOBASE-MODEL. 

( d e c l a r a t i o n ; 

integer I - - --; 
RUN, PP55IVE, DOfN, Istates of objects; 
TOTRL, RVRIL, Isubscript in le_nmb lle.sqn,..); 
MNJCH_SY5TM5, Inumber of man-machine systems « gangs • combs_g; 
OPRTNS, Inumber of operations in total; 
U, (seed of random number generators; 
YR.N, I sequence number of current year; 
DRY_TP_1JRN, DRY TYPE NOi, Iday at 1 Jan., current day, 1«monday,etc.; 
DRYS.NMB, ~ " Inumber of days since jan.1 at 0:00; 
LR5T_DRY YERR, 1)365 e.g. 1000: tn make last three digits equal each year; 
H . J2, ~ Ifor loop indices; I for a given date; 
M0N, TUE, IED, THU, FRI, 5RT, SUN; I sequence number of days: 1, 2, .... 7; 
real I ; 
DRY_B6N, DRY_END, Ibegin, end of work in clocktime hours; 
HOUR, DRY_FRRC NOI, Ifraction of day passed at hour * current time; 
T I M E _ 1 J R N 7 " I time at 1 January 0:00; 
LEVEL 1; lused in acrum as a variable « 1.0; 
integer array I » 
LE_NM8 M : L E 5QN5,1:2J; Inumber of labour & equipment objects with; 
I " same sequential no., total«1 resp. available»2(not down); 
boolean I • 
END_5ER50N, END_EXPRMNT, I true if end of season or end of experiment is achieved; 
ENDE0_PRQCS, "" I true if materials are processed; 
MM-5_5ELECT; Itrue if a man-machine system is selected to work; 
text array I * 1 
W T X T 3 10:7), MNTH TXT3 11:12); 
t*xt " I ; 
HNTHJ1T6, YES; 
r*f (Head) array I •* 
LE„5TRTEJJ M:LE_5GN5,1:3); Iqueue for labour & equipment objects of type le_sqn; 
' " states: run, passive or down; 
'•' Unfile) 
PRRRMETERS; linput file to initialise system and elements; 
•"•*• (Printfile) 
QNT^TRF^FLD, loutput file to print quantities from/to fields; 
UR8_RPL*0UTP, TMLJJUTP; Iurgencies, timeliness; 

Procedure RESET- ;; with the empty statement';' is used to prevent errors 
during running. 

The class SFOBASE-MODEL is prefixed by 'simulation' so that 'Proe­
ms', Time', 'Activate', etc. can be used. The parameters of the base model 
are shown in Table 4.5 and concern the number of objects used such as 
men, machines, operations, materials and shifts (see comment). These pa-
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rameters are used later on to declare arrays of references to the different el­
ements that are created in the system. Some general variables, as shown in 
Table 4.6 are also required; they concern the state of objects, indices for 
days in the week, type and number of day, text variables for days and 
months, arrays and queues for men and machine types and references to in­
put and output files. The comment shown between T and ';' should give an 
indication of the meaning for the moment; further explanation is given 
where necessary with the actual use of the variables. The appropriate initia­
lization is shown in Table 4.7. Some variables are initialized in the experi­
mental frame and others are changed in the model and start with default va­
lues. The different components of the scheduling system can now be de­
scribed. 

Table 4.7 Initial section of class SFOB ASE-MODEL. 

I i n i t i a I; 

RUN:«1;PR55JvE:«2;DQiN:«3; 
T0IRL:«1JPVPIL:«2J 

LEVEL1:«1.0; 
U :«907; (start value of randomized sttds of random numbers, deaos p.49; 
HN MCH SY5TNS:* GANGS • COMBS G 13; (number overrated to allow generation of combinations; 
0PRTNS7« OPRTNS MT • OPRTNS S~R; 
for I1:« RUN .PASSIVE, [JOIN do for J2:« 1 step 1 until LE.SQN5 do LE.STATE.Q C J2,111: - new Head; 

M0N:« 1; TUE:« 2; IED:» 3; THU:« 4; FRI:« 5; S0T:« 6; SUN:* 7j 
DRY TXT3 CO):- Copy ('---'); DAY TXT3 M I : - Copy (•Hon1); DRY.TXT3 121*- Copy CTue'); 
DRY~TXT3 13J:- Copy (,ied,)j DRY TXT3 t41:- Copy CThu'); DRY_TXT3 151:- Copy (Tri')? 
DRY TXT3 16):- Copy ('Sat'); DOY TXT3 [71:- Copy ('Sun'); 
HNTH TXT3 [1J:- Copy C'Jan') 
HNTH~TXT3 C4J:- Copy C'Rpr») 
HNTH TXT3 (7):- Copy ('Jul") 

- Copy CHar*); 
- Copy C'Jun*); 
- Copy (,5ep')| 

HNTH TXT3 [21:- Copy C'FebMj HNTH TXT3 131 
HNTH~TXT3 (5):- Copy ('Hay'); HNTH TXT3 [61 
HNTH TXT3 C81:- Copy ('Rug')! HNTH TXT3 191 

HNTH TXT3 M01:- Copy (<0kt,)j HNTH TXT3 (111:- Copy ('Nov1)? HNTH TXT3 (12):- Copy ('Dec*)? 
MNTHJ)T6:- Blanks (6); 
YES:- Copy ('yes'); Itext in input not in capitals; 

4.1 Materials and weather 

The biological subsystem on an arable farm consists of weather and of crops 
and soil. To incorporate seed, fertilizer, intermediate products such as straw 
and final-products, the term material is used, which may refer even to 
cattle. Within a material different fields with their own attributes of area, ri­
pening date, etc. are distinguished. 

In the next sections the components weather (4.1.1), field (4.1.2) and 
material (4.1.3) are described. Material is divided up in two subclasses, final 
materials (4.1.7) and processed materials (4.1.4), and the latter is a super­
class of initial materials (4.1.5) and intermediate materials (4.1.6). 

4.1.1 Weather 

The component weather is shown in Table 4.8 as class WEATHER-
MATRL prefixed as 'Process'. The base model only assumes that this proc-
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Table 4.8 Class WEATHER-MATRL and the declaration of variables. 

Process class iEBTHER.HflTRL; 
begin 

I d e e 

| t i i i i i i i i i i ( i t i : < i : i i t t t i i t : i i ! c i i t i n i : : 

I t n j 

end; 

reel array 
PROPERTY M:N«TRt5_PR0C]; 
real 
DPY.TYPEjnHRj 

I i 
Ipruperty of Materials controlling workability; 

I ; 
I type of day from input; 

ess can produce one property of each material processed (a moisture con­
tent, for instance, controlling the workability) and a type of the day. Further 
details such as input of weather data and deriving or reading PROPERTY 
have to be described in a subclass defined in the experimental frame. 

4.1.2 Fields 

The field is a name for different things in different materials; it can mean a 
piece of land with or without a crop, a storage with seed potatoes, fertilizer 
or harvested grain and even a herd of milking cows on grass (for further in­
formation see Section 7.2.4 'Grass and cattle'). Table 4.9 shows the declara­
tion of variables of class FIELD. It has a prefix 'Link', so it is not a process 
itself (as material) but it is queued in a material. Thus a material such as 
wheat can contain several fields each with its own attributes. The variables 
declared concern the actual quantity or area, the cumulative quantities pro­
duced and processed, a quantity already processed but not yet consumed, 
some dates relative to January 1 as day produced, day crop is processable 
(ripe) and day when the optimum yield is achieved, text variables and a ref­
erence to some area. The procedures are shown in Table 4.10. The proce­
dure CONSUMPT-F ( ) is called in material when some area QNT-F is con­
sumed/processed; it decreases quantities and checks if QNT-F does not ex­
ceed the current area (otherwise an error message occurs); if the field is 
Processed entirely then the remaining amount processed, QNT-IN-PROCS 
is transferred to the preceding field or to the successive field or if both do 

Table 4.9 Class FIELD and the declaration of variables. 
Link class FIELD; 
°«gin 

I A m r 

l l l l l l l l t l l l l l l f l l l l t l f l l t l l l l t l l l l l l l l l l l 

I t 

real 
OUONTITY, 
QUmiJ PRO, OURNT F PRE, 
QNT_IN PROCS, 
ORTE_PiO0CD, 
DOTE~PR0C5!l, 
DflTE~QPT YLD; 
text 

I 
K h a ] ; 
leu*, quantities produced and processed; 
(quantity processed but not yet subtracted fro* quantity; 
ldate of delivering field by producing Material; 
Iddte at which Material becoMes processable; 
ldate of processing when Max.yield is recovered; 

I I 
NQME.FLD, FLO SQNO TXT, MPT NO FLD; 
ref (RREB) " " I - " i 
FtDJWER; (contains attributes common to fields in the same area; 
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Table 4.10 Procedures CONSUMPT-F and MAKE-NAME of class FIELD. 

killed in mat.consumptn_m; 
procedure CONSUMPT F (QNT F); I--
real QNT J ; 
begin 

if QNT_F > QUANTITY • 1.0&-4 then begin 
Out imagej 
Outtext ('Error FLD.C0N5UHFT.F n Field, at Time,1)! 
Outtext (' Rmount consumed > Pmount in fieldl1); Out imagej (may not occur; 
Outtext (NOME FLD); Outfix (Time,6,12); Outfix (QNT F,6,12); 
Outfix (QUANTITY,6,12); Outimage; 

end j 
QUBNTITY:« QUANTITY - ONT F; 
GUONT F Pf?C:« GUONT F PRC% ONT F; 
GNT.IN PR0C5:« GNT_IN>R0C5 - ONT.F; 
if QUANTITY < 1.04-4 "and ONT IN PROCS ) 1.01-4 then begin lonly qnt in_procs; 

if Pred «/> none then Pred qua FIELD.ONT IN PR0C5:« QNT IN PR0C51reported to; 
else if 5uc •/« none then Sue qua FIELD.GNT_IN_PR0C5:« GNT_IN_PR0C51 subsequent field; 
I; else if QNT_IN_PR0C5 ) 1.0&-3 then begin Tmay not occur; 

Out image; 
Outtext ('Error FLD.CONSUHPTJ in Field, at Time,'); 
Outtext (' more Rmount processed than Pvailable'); Out image; 
Outtext CNRME FLD); Outfix (Time,6,12); Outfix (QNT IN PROCS.6,12); 
Outfix (QURNTITY.6,12); Outimage; 

end; 
end; 

end; 

procedure MAKE NRHE (FLD 5QN, M NO); 
integer FLD.50N, M_N0; 
begin 

FLD SQNO TXT.Putint (FLD SGN); 
M0T_N0JLD.Putint.(M.N0); 

end; 

Table 4.11 Class AREA and the declaration of variables. 

class RRER; 
begin 

I d e 

real 
RCRERGE, 
DISTANCE, 
LATITUDE, LONGITUDE; 
text RRER NAME; 

c 

ICha) 
K k m ) 
!(km) 

I 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l i t l l l l l l l l l 

t 

I - i 
Imay be used in submodels; 
(may be used in submodels; 
(may be used in submodels; 
I J 

n: 

n l j 

end; 
RRERJMME:- Blanks (30) ; 

not exist an error message occurs. The quantity in process, QNT-IN-
PROCS is relevant for only one field in the queue denoted in material by 
FLD-C, in general the first field. In CONSUMPT-F a very small quantity 
1.0&-4 (= 0.0001) is used to prevent messages caused by rounding errors. 
Rounding errors can occur because the system defined simulation attribute 
Time' unfortunately is not a long real in DEC10 SIMULA. This means 
when days are counted in five digits (two for the year and three for the day) 
that only four decimal digits are significant; 0.0001 day is approx. 0.14 min. 
With a capacity of 1 ha/h differences of up to 0.0024 ha (24 h/d * 0.0001 d * 
1 ha/h) can be expected. The procedure MAKE-NAME positions a field se-
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quence number FLD-SQN (given in material) and a material number M-NO 
into the subtext of the name. The name is used in the error messages and 
thus assigns a number and a name, for instance,' 32e field of mat. 2'. 

Table 4.11 shows class AREA with its area, distance, coordinates and a 
name. Several fields can refer to the same area. Later on it is shown how 
this reference to an area is used to add a delivered quantity to the already 
existing field or to create a new field. 

Table 4.12 Class MATERIAL; parameter, virtual procedures and declaration of variables. 

COMPONENT class MATERIAL (MATJ40); I i n i i i i n m t i t u M H ; 
integer MAT NO; I sequence number of Material; 
v i r t u a l : procedure ATTR UPDT M , MOT DVLPMNT , DFLIVERY_M_, 
ATTRjin.M., FLD.EXPCT.M.. ATTR_INT6>_, OELVR.FLD.M_, ATTR_INT6_M_, MAX_QUANTJ1_, CAPJXC__M_; 
begin 

( d e c l a r a t i o n ; 

integer 
DLR 0PR5, PRC 0PR5, 
FLD Q 5QN, FLO Q 5QN PR, 
LOOP DYN, 
M.P05, DATE.NO, J1 ; 
boolean 
AVLBL, PVLBL NEXT, 
•QRJCBL, 10RICBL NEXT, 
I 
READY, READY NEXT, 
FLD AT TAIL, 
SUPPLY NDD, 
DLVR A L H O , 
DLVRY SETUP, PRC55 SETUP, 
DELIVERING, PR0CE55INS; 
real 
QUANT ARRVD, 
0UANT~AVLBL, 
QUANT>R0C5D, 
QUANT'MX, 
GUANT'MX ACT, 
QNT MX FACT, 
ONT PROC OPR, ONT DLVR OPR, 
GNTJ1, ONT M D, 
ONT PRC DUMMT 
ONT"DLTD, 
CAP J»R0C, 
CAP 0PR5 PRC. CAP OPRS DLV, 
CAPJ?ATI0; 
I long; 
real 
CVTM.FLD, EVTM MAX, 
EVTM DLVR OK, 
EVTM DVLPMNT, 
EVTM, 
LTJU.VR, LT PROC, 
LT.INTE6RT, 
DURTN.C0N5, DURTN DELVR, 
DURTNJIO DLVR; 
ref CMATRL ADMN) 
M.ADMN; 
ref (FIELD) 
H-D.C, FLD.D, FLD E, FLD; 
ref (Head) 
FLO J ) , 
OPRTNJILVRJJ, 0PRTN_PR0CJ3; 

I 
Inumber of operations delivering/ processing; 
(field sequence numbers; 
Icounts steps at same time to interrupt a loop; 
lauxiliary war.; 

I ; 
(true if material is available; 
(true if general material attributes and; 
Iveather o.k., same for all fields; 
Itrue if workable and (first or expected) field processable; 
ltrue if new field is queued at end of fields; 
(true if no quantity available; 
(true if available quantity less then actual maximum; 
Itrue after delivery / processing operation starts setup; 
(true if material delivering/processing occurs; 

I J 
(quantity produced, delivered; 
(quantity available « arrived - processed; 
tquantity processed, consumed (incl.losses); 
(allowed max. of available quantity; 
(actual max., defined in subclass as function of ...; 
(factor used in max_quantjn_ to reduce actual max.quantity; 
(quantity processed by operations but not yet transferred; 
lauxiliary quantities; 
(cum. quantity processed but not available; 
lcum. quantity that is deleted if no fields are available; 
(expected capacity of processing (depends on gangs); 
(sum of capacity of operations processing/ delivering; 
Icapacity factor due to attributes; 

I 
(event time for field consumed/ maximum quantity delivered; 
(event time to arcept delivery again; 
(event time for autonomous development of attributes; 
(event time; 
(last times in deliverjnat,process_mat; 
(last time of integration of quantity processed on fields; 
(duration of consumption/ delivering; 
(duration delivering not allowed; 

I ; 

Ireference tn a class recording more data of material; 

(field consumed, delivered,expected, any; 

(queue for fields; 
Iqueues for operations delivering,processing material; 
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4.1.3 Materials 

It is already known that 'material' is a term referring to crops, products in 
storage, soil and even cattle. By the operation planting potatoes, the 
materials 'seed potatoes' and 'soil' are consumed and a material 'planted po­
tatoes' is delivered and by harvesting potatoes a material 'potatoes' is con­
sumed and two materials are delivered 'stored potatoes' and 'soil'. Class 
MATERIAL will be described in sections related to (1) the states of a 
material, (2) the delivery of material, (3) the processing or consumption of 
material and (4) the dynamic aspects. Materials are delivered by operations 
and processed by others, and therefore a chain exists with links between 
materials and operations; the following scheme shows the part related to 
one material: 

—> operation(s) —> material —> operation(s) —> 
delivering processing 

Table 4.12 shows the declaration of variables and 'virtual' procedures of a 
material; the description of variables is shown as comment (! ;) and 
in the next sections where necessary. 

4.1.3.1 States of material 

The usual states RUN, PASSIVE and DOWN assigned to the variable 
STATE from superclass COMPONENT are extended to distinguish more 
situations in state DOWN. Such an extension is necessary to define STATE 
appropriately and is useful to analyse the reasons for state DOWN. In Sec­
tion 2.1.1 'Materials and weather' some relevant attributes have already 
been described. The Boolean variables AVLBL, WORKBL and READY 
are used, which are true if the material is available, if the material is work­
able (the moisture content appropriate) and if the material is ripe (processa-
ble) and workable, respectively. Table 4.13 shows the procedures changing 
these variables. The next situation was defined elsewhere in the calling pro­
cedure except for READY-NEXT. 

When the existing situation differs from the next one and an object M-
ADMN exists for further detailed administration, then 'virtual' procedures 
are called (the actual version of the procedure will be used). The desired in­
formation is defined later in the experimental frame and it is not yet known 
what will be recorded. The calling of CH-AVLBL, CH-WORKBL and CH-
READY from a procedure is followed by calling STATE-CH-MAT to up­
date the variable STATE (for instance, Table 4.17). 

Table 4.14 shows the procedure STATE-CH-MAT, which first defines 
the next state, STATE-NEXT as DOWN if the material is not available (no 
quantity) or not workable or not ready or not considered as available com-
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Table 4.13 Procedures CH-AVLBL, CH-WORKBL and CH-READY of class MATERIAL. 

procedure CHJWLBL; ! ; 
' (called in supply expct, dlvry_stop, cnnsumptn_m, reset , reset m j 
if not (RVLBL eqv R V I B L J O T ) then begin " 

if H RDHN «/« none then H RDMN.RDMN RVLBL ; 
RVLBL:* RVLBL.NEXT; 

Pnd tt of change of availability of material; 

m « m m • 
I procedure CH I0RKBL; I 

. mm » 

• Icalled in attr_updt JR_; 
begin 

i f not (lORJCBL eqv I0RKBL NEXT) and M RDMN «/« none then M.ROMN.RDMNJfRICBL ; 
•ORKBL:* fORKBL NEXT; 
CH.RERDY; 

mnd tt of change of workability nf Material and weather; 

procedure CH_RER0Y; I ; 
°«gin Icalled in ch_workbl, supply_expct, consumptn_m, reset.., urg_mat_prc_; 

if FLO C «« none then FLO C:- FLD~Q.First; luy be an expected field; 
RERDY NEXT:* iQRKBL and (if FLD C~*/« none then FLD_C.DRTE_PR0C5BL <* TIMEJTR else false); 
if not (RERDY eqv RERDY NEXT) and M RDMN • /« none then M_RDMN.RDMNJ?ERDY_; 
RERDY:« RERDY.NEXT; 

tnd tt of rhange nf readiness of material on first field; 

Table 4.14 Procedure STATE-CH-MAT of class MATERIAL. 

Procedure 5TRTE_CH_MRT; I ; 

begin (railed in supply_expct, dlvry_stop, prcsng_expct, consumptn_m, stop_prcsng; 
I shift_chnge_,resets, attr_updt_m, urgj*at_prc; 

if STRTE » 5TRTE NEXT then 
STRTE JIEXT:* 
if not (RVLBL and iORKBL and RERDY and RVLB CO MP) then DOiN 
Rise if STRTE « RUN or PRC55 SETUP then RUN* 
I; else PRS5IVE; 
if STRTE <> STRTE NEXT then b«gin 

ref (RECORD OPR) REC OPR CN5; 
TIME.CJJCCUM; " " 
if M_RDMN «/* none then M RDHN.RDMN M STRTE ; 
STRTE.PREV:* STRTE; 
STATE:* STRTE NEXT; 
if STRTE PREV~« DOIN and STRTE « PASSIVE then begin (cause from material, d ---> p; 

DECIDE.MRT PR55:« true; 
activate DECIDE at Time; 

end; 
if 5TRTE_PREV « RUN and 5TRTE « DOiN then begin Icause from material, r ---> d; 

DECIDE.MRMJOiN:* true; 
activate DECIDE at Time; Iresults in stop_oprtn; 

end; 
I lif state.prev * run and state * passive then caused by decision, r ---> p; 
I lif state_prev * passive and state* run then caused by decision, p ---> r; 
I lif state prev « passive and state* down then caused by material, p — > d; 
REC.OPR CN5:-0PRTN PROC Q.First; -I lillegal, d ---> r; 
if STRTE J»REV * DQ§N or~STRTE « DOIN then 
I (change in operations the state of material if d — > r , p or r,p--->d; 
while RECJ3PR CNS «/*none do begin 

REr OPR CNS.OPR MT.STRTE CH OP ; 
REC J3PR_CN5:- RECJJPR.CNS.Sue; 

end xx of change in operations processing this material; 
end; 

er,d tt change of state of material; 

ponent in the current period and as RUN or PASSIVE otherwise. The fur­
ther statements are executed if the state has to change. Some data are re­
corded in TIME-C-ACCUM and ADMN-M-STATE-. The state is changed. 
Some statements activate DECIDE and tell the reason (material becomes 
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Table 4.15 The transformation of states of materials due to events. 

5TPTE.PREV 

RUN 

PASSIVE 

DOIN 

RUN 

decision 

(not allowed) 

STATE 

PA55IVE 

decision 

material (t) 

DOIN 

Material (t) 

material 

it) In these cases DECIDE is informed and activated to consider the 
consequences; not* that the activation will becom* effective at Tine but 
after updating the state of operations. 

PASSIVE or DOWN, so DECIDE may want to start an operation proc­
essing this material or it has to stop an operation processing this material, 
respectively). When STATE was or becomes DOWN, then the operations 
that can process this material (found in queue OPRTN-PROC-Q) must be 
known: STATE-CH-OP- is called to change the state of operations accord­
ingly. The causes of the changes in the state of a material are shown in the 
scheme of Table 4.15 (almost identical to Table 2.10). 

4.1.3.2 Delivery of material 

The description of the program related to delivery or supplying a material 
by an operation is divided up in four parts. The first part is concerned with 
the beginning of the operation, the second part with the actual use and the 
third part with stopping the operation. The fourth part deals with some aux­
iliary procedures. 

Table 4.16 shows a declaration of the 'virtual' procedure FLD-EXPCT-
M- that creates an expected field with a minimum of data (dates of optimum 
yield and of material processable equal to the current time since Jan. 1). 
This field is used only when no fields are available with data to store tempo­
rarily expected data valid for a field that will be delivered. 

The first part related to the beginning of an operation consists of the pro­
cedures SUPPLY-EXPCT and DLVRY-STARTD. Table 4.17 shows SUP-
PLY-EXPCT which is called from the operation delivering the material. 
SUPPLY-EXPCT is called just before the operation begins with set-up i.e. 

Table 4.16 Procedure FLD-EXPCT-M- of class MATERIAL. 

procedure FLD_EXPCT_M_; I - - - - - - - - . 
! (called in reset_,supply_expct ,consuntptn_M,urgjRat_prr ; 
inspect new FIELD do begin 

FLD D:- this FIELD; 
Into (FLO Q); 
MQKE NOME (0, MAT NO); 
nflTE[0PTJTLD:« D0TEJ»R0ES1L:« TIMEJTR; 

end; 
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Table 4.17 Procedures SUPPLY-EXPCTand DLVRY-STARTD of class MATERIAL, 
procedure SUPPLY.EXPCT; I . 
oe9in killed in oprtn.go ahead, .mat prod rhnai 

DLVRY SETUP:* true; "* 
DtR_QPRS:« DIRJJPR5 • 1; 
RVLBL_NEXT:« true; CH RVIBL; (even if oprtn still in setup, may start processing* 
if SUPPLY NOD and not PRQCESSIN6 and FLO E •/« none then begin 

FLD E.Out; FLD EXPCT M j (updates expected field; 
FLD E:- FLD C:- FLD 5; 
CH_RERDY; 
RTTR_INT6_F_; (updates U l . v a l u e ; 

wndj 
STRTE.CH.MRT; 

end; 

procedure DLVRY.5TRRTD (0PR.HT2); I ; 
••ef(0PRTN_MRTRL)0PR_r1T2; " (called in oprtn.go.nn, .»at_prod_chng; 
begin 

ref (RECORD OPR) REC OPR CNS1; 
CRPJ3PRS DLV:« CRP OPRS DLV • OPR MT2.CRPCTY RCTL; 
DELIVERING:- true;' 
if STRTE « RUN and not PR0CESSIN6 then begin 

RECJJPR.CN51:- OPRTN PROC Q. First; 
while REC OPR CN51 «7« none do inspect REC 0PR.CNS1.0PR.MT do begin 

if RUN PHRSE * HRT iRIT then 1RIT MAT PRC; (check if processing can start; 
REC_0PR_CN51:- RErl0PR.CN51.5uc; 

end; 
end; 

tnd; 

with refueling, preparing machines and driving to the field. At this stage 
DLVRY-SETUP and AVLBL-NEXT are made true and the state is 
changed by calling STATE-CH-MAT. The number of operations DLR-
OPRS is increased by one. Due to AVLBL = true the state can become 
PASSIVE (Table 4.14) and DECIDE may result in starting an operation 
processing this material. If at this moment no material is available or al­
ready delivered, nevertheless AVLBL becomes true even if it was false, so 
the variable SUPPLY-NDD was used, which remains true when the quan­
tity is zero and supply is needed. In the same situation a so-called expected 
field is required containing attributes like moisture content, date when the 
optimum yield is achieved and when it becomes processable if processing is 
to start. In order to handle the most recent data, the expected field is up­
dated by calling FLD-EXPCT-M-, CH-READY and ATTR-INTG-F- (de­
fined in a subclass). 

DLVRY-STARTD (Table 4.17) is called by the operation after its set-up 
and at this moment the actual capacity of the operation is added to the total 
capacity delivering this material CAP-OPRS-DLV; DELIVERING now be­
comes true. If this material expected processing (STATE = RUN) but has 
no quantity and so could not continue until delivery started, then all the op­
erations processing this material are checked if they are in a phase waiting 
for materials, MAT-WAIT and can leave this phase (by calling WAIT-
MAT-PRC). 

Exercise: Do you remember the example of the grain drier which has to 
wait until the combine-harvester has completed its set-up to begin the deliv­
ery of wet grain? 
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Table 4.18 Procedure DLVRY-CONTND of class MATERIAL. 
procedure OLVRY CONTND; I j 
if STATE « RUN and PROCESSING and SUPPLY NOD then begin (called in oprtn.go on; 

ref (RECORD OPR) REC OPR CN52-, 
REC OPR CNSZ:- OPRTN PROC Q.First; 
while REC OPR CNS2 «7« none do inspect REC OPR CNSZ.OPR NT do begin 

if RUN PHRSE * 60 ON IQIT then KfllT MR? PRC; (processing can continue] 
REC.OPR.CNSZ:- REC.OPR.CNSZ.Suej 

end; 
end; 

The second part of delivery of material concerns what happens to the 
material when an operation is actually delivering. Four procedures are in­
volved: DLVRY-CONTND, ACCEPT-UNTIL, CAP-CHNG-DLV and 
DELIVERY-M-. Table 4.18 shows DLVRY-CONTND that is called in an 
operation each time it continues its activity of processing and delivery. If 
processing of material occured and the available quantity is exhausted be­
fore delivery starts, then supply is needed before the processing can con­
tinue. This procedure now tells that delivery by some operation occurs and 
it checks the operations processing this material (found in queue OPRTN-
PROC-Q) which are in that specific phase of waiting to continue and calls 
WAIT-MAT-PRC in that operation to continue with processing. The struc­
ture of the procedure has some similarity with a part of DLVRY-STARTD 
(Table 4.17); the differences are PROCESSING and RUN-PHASE. There 
are two cases when processing is held up; the first one is when a small quan­
tity of material is processed before the set-up of a delivering operation is 
completed, the second one is when processing is faster than delivery and the 
delivered material is processed immediately. 

Exercise: Can you give an example with wet grain as the material (first 
case) and an example with bales in the field together with the baling and 
gathering operations? In this case part of the gathering capacity remains 
idle (the area that served as dummy is cumulated in QNT-PRC-DUMM, 
Table 4.30). 

ACCEPT-UNTIL (Table 4.19) calculates the moment when the actual 

Table 4.19 Procedure ACCEPT-UNTIL of class MATERIAL. 

procedure RCCEPTJJNTIL; |---- ---- .... .... ..... 
(called in oprtn.go_on, dlvry_stup, start_/stop_prcsng, cap_chng_dlv/_prcsng, aax_quant_a_; 
if DELIVERING and DLVR RLLiD then begin ~ "ifind point when storage is full; 

QNT INT5R M; 
DURTN DELVR:« if CRP OPRS DLV - CRP 0PR5 PRC > 0.0 
then (WONT NX RCT -""(QURNT RVLBL -~0NT PROC OPR • QNT DLVR OPR)) / 
(CRP.QPR5JJLV - CRPJ5PR5_PRC) I 24.0 
else -1.0j levta expected froa other material; 
EVTM MRX:« Tine • DURTN.DELVR; 
if DURTN DELVR > 0.0 then EVTN HRX:« RWRX (EVTM MAX, 
if Tine 7 1.04-4 > Tiae then LT.DLVR • 1.04-4 else LTJJLVR • 1.04-3); 
if DURTN DELVR <« 0.0 then EVTM M«X :> Tiae - 1.0; (irrelevant; 
if EVTM MPX > Tiae and 
(if not~Idle then Evtiae ) Tiae and EVTM_MRX < EVTM else true) 
then reactivate this MPTERIRL at Tiae; 

end of acrept_until ; 
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maximum quantity, QUANT-MX-ACT, is achieved which occurs only when 
DELIVERING is true and DLVR-ALLWD is true (i.e. delivery is still al­
lowed when the maximum is not yet achieved or exceeded); it considers the 
quantities processed, QNT-PROC-OPR and produced, QNT-DLVR-OPR, 
that are already in the pipeline (updated in QNT-INTGR-M Table 4.25) but 
not yet worked up in the available quantity, QUANT-AVLBL. When the 
processing is faster than the delivery or the maximum is already achieved 
then the duration of delivery, DURTN-DELVR is negative and the event 
time, EVTM-MAX will be earlier than the current Time' (no activation). 
Otherwise a minimum of 0.0001 or 0.001 day (approx. 0.14 or 1.44 min) is 
added to the last time delivery occurred, LT-DLVR in order to avoid round­
ing off errors (difference between Time + addition and Time not significant 
if the Simulation attribute Time is not a long-real; discussion in Section 4.1.2 
fields' of procedure CONSUMPT-F). The activation of the dynamic sec­
tion of this material which handles all the event times of a material (Section 
4.1.3.4) is achieved by calling 'reactivate'. The activation is not done if 
EVTM-MAX is not in the future or the dynamic section is already sched­
uled (not Idle) at Time (Evtime >Time is false) or the current event time, 
EVTM is earlier than the one just calculated. 'Re'-activate is necessary to 
ensure rescheduling when the material is already scheduled. 

The third procedure, CAP-CHNG-DLV (Table 4.20) is called if the ca­
pacity of the operation changes due to attributes of a field; it updates (inte­
grates) the quantities in the pipeline (QNT-INTGR-M), changes the rate or 
capacity of producing and adjusts the moment a maximum occurs (AC-
CEPT-UNTIL). 

The actual delivery occurs in procedure DELIVERY-M- (Table 4.21), 
which is called in the operation (ref. OPR-MT1) when the quantity is trans­
ferred from the materials processed/consumed to the materials pro­
duced/delivered/supplied. The quantity delivered, QNT-M-D is known from 
the operation and used to update the quantities arrived, available and pro­
duced (and in the pipeline). It calls the virtual procedure DELVR-FLD-M-
defined in the subclass PROCESSED-MAT (Section 4.1.4), which creates a 
new field with appropriate attributes or updates attributes of an existing 
field. If the material was needed to process, it calls immediately to consume 
the delivered quantity by calling PROCESS-MAT. The maximum quantity 
is checked by calling the 'virtual' procedure MAX-QUANT-M-. If a check 
°n the flow of quantities is required and QNT-TRF-FLD refers to a printfile 

Table 4.20 Procedure CAP-CHNG-DLV of class MATERIAL. 
PructcJyr, CRP CHNS DLV (QPR MT3)j I '* 
rjfCQPRTNJflTil) 0PR HT3j 
l f BELIVERIMS thtn begin k a l l e d in oprtn.c»p_qnt_r.hngj 

0NT_INT6R M; 
Zmjms DiV:« CRP 0PRS DLV • 0PR MT3.CGP_CHN6j 
RCCEPT UNTIL; 

tnd; 
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Table 4.21 Procedure DELIVERY-M- of class MATERIAL. 
procedure DELIVERY M (OPR MT1); I 
ref (OPRTN_HRTRL) 0PRJ1T1; 
begin ( ca l l ed in oprtn.qnt t rans fer ; 

ONT INT6R M; 
QNT M D:« OPR MT1.OURNT; 
QURNT RRRVD:» OURNT RRRVD • ONT M D; 
QURNT RVLBL:« QURNT~RVLBL • Q N T V D ; 

QNT_DLVRJ3PR:» QNT_DLVRJ3PR - DNT~M D; 
if GNT_M_D ) 0.0 then DELVR_FLD_MJQNT_M_D, 0PRJiT1.rtRTJ»R0n 1).FLD_C); 
I only propert ies of f i r s t f i e l d of f i r s t material processed by ope ra t i on l l ; 
if PR0CESSIN6 and SUPPLY NOD then PR0CE55 MRT; Iconsumes the de l ivered f i e l d ; 
MRXJ3URNTJI..J 
inspect QNT"*TRF FLD do begin 

SetposCM P05); 
Out text(FLD D.FLO 50N0 TXT); 
OutfixCQNT M 0,2,7); 
if FLDJJ.SQN > FLD Q SON PR then OuttextCnF*); 
FLD JJ_5QN_PR:« FLDJ)_SQN; 

end; 
if QURNT.RVLBL > 1.0&-4 then SUPPLYJJDD:« false; 
if FLD E «/• none then begin 

if"FLD.E.QUANTITY < 1.0&-4 and FLD E.QNT IN PR0C5 < 1.0&-4 
and FLD_E «/• FLD.C and FLD_E «/« FLD.D then begin 

FLD.E.Out; FLD_E:- none; 
end; 

end; 
if not PR0CES5IN6 then FLD.C:- FLD.Q.First; 
if PROCESSING and (FLD.D «« FLD_C or EVTMJLD < Time) then GOJJNTIL.MP; (adjust evtm fid; 

end; 

(not to none), then at a position M-POS output starts of a field number and 
is followed by the quantity delivered to the field and an indication 'nF' if the 
field is new. SUPPLY-NDD may no longer be true and an expected field, 
FLD-E is no longer needed and under certain conditions removed out of the 
queue of fields. The first field in the queue is assigned to FLD-C a reference 
to the field intended for consumption. If processing occurs and nevertheless 
the event time is in the past then EVTM-FLD must be updated by calling 
GO-UNTIL-MP (Table 4.29). This actual version of the 'virtual' declared 
procedure, DELIVERY-M-, may be redefined in a subclass. 

The third part of delivery consists of DLVRY-STOP to stop the delivery 
of a material by an operation (Table 4.22). The material is processed by 
calling PROCESS-MAT if the capacity of delivery was smaller than that of 
processing and as a consequence the processed quantity in the pipeline may 
be more than is available; these facts must still be known in ADJUST-
QUANT (Section 4.1.3.3 'Processing of material', Table 4.30) before DE­
LIVERING becomes false to avoid an error message. It decreases the ca­
pacity of producing if it was added in DLVRY-STARTD (Table 4.17). The 
number of operations delivering this material, DLR-OPRS is decreased by 
one. If the number of operations is zero, it makes (i) the capacity zero along 
with the quantity in the pipeline, (ii) DELIVERING and DLVRY-SETUP 
false, (iii) AVLBL false and changes the state if the available quantity re­
mains or becomes zero and (iv) the time at which the maximum could be 
achieved, EVTM-MAX equal to the current moment, Time. Further on 
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Table 4.22 Procedure DLVRY-STOP of class MATERIAL. 
procedure DLVRY.5T0P COPR MT4); I --; 
ref (OPRTN_MRTRL) OPR.MT47 
begin (called in oprtn.termnt,.mat prod chng; 

i f PROCESSING and QURNTJWLBL < 0NT_PR0CJ3PR and CRP.0PR5JH.V < CRP_0PR5>RC " 
then PR0CE55_MPTj (otherwise message in dlvr_update when delivering « fa lse; 
inspect OPR MT4 do 
i f RUN PHR5E >• BUSY then lgo_on was called} 
CPP OPRS DLV:« CRP 0PR5 OLV - CRPCTY RCTL; 
DLRJ)PR5:« DLR_0PR5 - 1j 
i f DLR OPRS * 0 then begin 

CRP OPRS DLV:« 0.0; 
QNT DLVR 0PR:« 0.0; 
DELIVERIN6:« DLVRY_5ETUP:« false; 
i f OURNT RVLBL ( lT04-4 then begin Istarted without result or processed; 

RVLBL NEXT:, fa lse; CH RVLBL; 
STRTE.CH.MRT; 

end; 
EVTM_MRX:- Tine; 

end; 
if not DLVR RLLiD then NO DLVRN6 UNTIL; Ito find t U e when delivery is accepted; 
RtCEPT UNTIL; 
if not Idlv then reactivate this MRTERIRL at Tine; 

end; 

NO-DLVRNG-UNTIL is called to find how long delivery remains not al­
lowed (Table 4.24) and ACCEPT-UNTIL is called to adjust event times and 
to reschedule the material if delivery continues by means of other opera­
tions. ACCEPT-UNTIL does not always schedule the material and there­
fore a call to reactivate is appropriate. 

The fourth part of delivery a material concerns some auxiliary proce­
dures. The first one, MAX-QUANT-M- (Table 4.23), is an actual version of 
a Virtual' declared procedure calculating the actual maximum quantity and 
from that whether delivery is allowed or not. If the quantity available and 
the quantities in the pipeline (QNT-PROC-OPR and QNT-DLVR-OPR; up­
dated in QNT-INTGR-M) do not exceed the current maximum, then the ac­
tual maximum becomes equal to QUANT-MX (input value) otherwise it is 
reduced with a factor, QNT-MX-FACT, to, for instance, 0.5 of QUANT-
MX to prevent delivery until the quantity falls below the level of the new ac­
tual maximum. The second auxiliary procedure, NO-DLVRNG-UNTIL 
(Table 4.24) calculates an event time when delivery may start again. If 
DLVR-ALLWD is true or PROCESSING is not the case, then EVTM-
DLVR-OK becomes a moment in the past (i.e. it becomes irrelevant); but 

Table 4.23 Procedure MAX-QUANT-M- of class MATERIAL. 
procedure MRXJ3URNT_M_; I ; 
b*9in (called initial and in delivery m, consumptn m, termnt no.dlvr, reset ; 

QNT INT6R H; 
OURNT MX OCT:. QUANT MX 
* ( i f OURNT RVLBL - QNT PR0C OPR • QNT DLVR OPR >« 0URNTJ1X RCT -1.01-2 
then 0NT MX>RCT else lT0); " 
DLVR_RLLiD:« QURNT.RVLBL - GNT.PR0C.0PR •ONTJILVRJJPR < GURNT.MXJCT - 1.0&-2; 
1 iaccept_until is called later on in oprtn.go.on_; 

e n d ; Iter«nt_no_dlvr is called later on in dynamic; 
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Table 4.24 Procedure NO-DLVRNG-UNTIL of class MATERIAL. 
procedure N0_DLVRN6JJNTIL; I — - — ; 
begin trailed in go until tip, dlvry stop, ter»nt no dlvr 

if not DLVR RLLiD and PROCESSING then begin 
GNT_INT6R_M; 
OURrN NO DLVR:« lin days; leap oprs dlv is 0.0; 
if CRP OPRS PRC <« 0.0 then -1.0 else 
(QUANT PVLBL - QNT PR0C OPR • QNT DLVR OPR - QUBNT MX RCT) /CRP 0PR5 PRC / 24.0; 
EVTM Dl.VR OK:- Ti«e • DURTN HO DLVR • " 
(if DURTN_N0_DLVR > -1.0 t 24.0 Inot yet 1 hour from max.; 
then 1.0 / 24.0 . (add one hour extra; 
else 0.0); 

end 
else EVTM DLVR 0K:» Tine • 1.0; (yesterday « irrelevant; 
if EVTM DLVR OK > Tine and 
(if not Idle then Evtim* > Time and EVTM DLVR OK ( EVTM else true) 
then reactivate this MOTERIRL at Ti«e; 

end; lof deriving an event time when delivering will be allowed Again; 

Table 4.25 Procedure QNT-INTGR-M of class MATERIAL. 

procedure GNT_INTGR_M; |---- -.-. -.-- --.. ..--. 
begin (called in start_prcsng, cap_chng_prcsng/dlvj 

Igo until mp, accept until, no dlvrng until, delivery m , adjust quant, nax_quant a ; 
ref~(REC0R0_0PR) RECJJPR.CJ); " 

procedure QNTJJPDTJ3PR; I ; 
while REC OPR C D «/> none do inspect REC OPR C D.0PR MT do begin 

if RUN PHRSE « BUSY then begin 
CAP QNT CHNGC1.0); (updates tju-nt; 
QNTJ1:«~GNTJ1 • GURNT; 

end; 
REC_0PR_C_D:- REC.0PR_C_D.Suc; 

end; 

if LT INTE6RT < Tine then begin 
LT_INTE6RT:« Tine; 
if FLD_C «/« none and PROCESSING then begin 

QNT M:« 0.0; 
REC~0PR r 0:- 0PRTN PR0C Q.First; 
0NT~UPDTjjPR; 
QNT_PR0CJ3PR:« GNT_M; 
RTTR INTG F ; (updates timeliness losses and costs; 
FLD C.QNT'lN PR0C5:« QNT M; 
QNT_M:« 0.0;" 

end; 
if FLD D «/« none and DELIVERING then begin 

QNT M:< 0.0; 
REC OPR C D:- 0PRTN DLVR Q.First; 
QNT UPDT OPR; 
0NT~DLVR 0PR:» QNT M; 
0NT_M:« 0.0; 

end; 
end; 

end tt of integration of data for field in process; 

when processing occurs then a duration is calculated to achieve the ex­
ceeded level of the actual maximum by processing the quantity available. 
However the duration is set to -1.0 if the capacity of processing, CAP-
OPRS-PRC is zero or even negative. (This strange situation of zero capacity 
and PROCESSING true may happen when a started operation processing 
this material is still in the phase of setting up (travelling to the field) and an­
other operation processing this material stops). The event time is set at a 
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moment at least one hour after the quantity falls below the maximum. The 
additional one hour is used to prevent a frequent sequence in the program 
of delivery allowed/not allowed if the actual maximum remains equal to the 
input value all the time. The scheduling of the material is restricted as in 
ACCEPT-UNTIL (Table 4.19). 

Table 4.25 shows procedure QNT-INTGR-M that integrates quantities 
processed (or produced) that are in the pipeline but not yet consumed (or 
delivered) in QNT- PROC-OPR (QNT-DLVR-OPR). Quantities in the 
pipeline are caused by describing the system as a discrete event system in­
stead of a continuous system! The integration takes place if the latest time 
of integration is in the past, LT-INTEGRT < Time, and uses procedure 
QNT-UPDT-OPR to collect QUANT of operations actually processing (or 
producing). QUANT is updated by calling CAP-QNT-CHNG of an opera­
tion. The quantity processed in the pipeline, QNT-PROC-OPR, is used to 
integrate attributes of a field, for instance, timeliness losses or average 
moisture content and to assign it to FLD-Cs quantity in process. 

4.1.3.3 Processing of material 

This section on processing of material is divided up in three parts. The first 
part is related to the start of an operation, the second part to the actual use 
and the third part to stopping it. 

The start of an operation consists of two procedures. PRCSNG-EXPCT 
(Table 4.26) is called by an operation before its set-up; processing of 
material is set up by making PRCSS-SETUP true and updating the number 
of operations, PRC-OPRS; the state of the material changes into RUN. Al­
ready at this stage the state is defined as RUN although actual processing 
has to wait until set-up is completed and may even wait until delivery com­
mences. This however has the advantage that state RUN of a gang, of an 
operation and of a material starts at the same time. The second procedure, 
START-PRCSNG (Table 4.27) is called after the set-up of operation is 
completed; now delivery can occur. If the material was already PROC­
ESSING, then QNT-INTGR-M is called before the capacity of processing, 
CAP-OPRS-PRC is enlarged and a new event time is calculated when a 
maximum will be achieved. If processing was not the case, then an expected 
field (may be the first in the queue) is removed if other fields contain the 
available quantity (such a removal is not always done in DELIVERY-M-, 

Table 4.26 Procedure PRCSNG-EXPCT of class MATERIAL. 

Procedure PRC5N6.EXPCT; 
begin 

PRC55 SETUP:* true; 
PRCJ3PRS:. PRC 0PR5 • 1; 
5T0TE KEXT:* RUN; 
STPTE CH HflT; 

end; 

Icfltled in oprtn.go_ahe*d; 
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Table 4.27 Procedure START-PRCSNG of class MATERIAL. 

procedure START PRC5N6 (DPR MT5); I , 
ref (OPRTNJtATRL) 0PR.MT5; " 
begin (called in nprtn.go on; 

if PR0CE55INS then QNT_INT6R_M Another operation was already started; 
else begin 

PROCESSING:- true; 
if FLD.E •/« none and QUANT RVlBt > 1.04-4 then begin 

if FLO.E.QUANTITY < 1.04-4 then begin 
FLO.E.Out; FLD.E:- none; 

end; 
end; 
FLD.C:- FLD.Q.First; 
while FLD.C.QURNTITY < 1.04-4 and FLD.C.Suc • (• none do FLD.C:- FLD.C.Suc; 

end; * ~ 
CRP.0PR5 PRC:« CRP OPRS PRC • OPR MT5.CRPCTY RCTL; 
ACCEPTJJNTIL; 

end tt of starting an operation processing this material; 

Table 4.21!); the first field with a quantity is referred to as FLD-C, the field 
intended for consumption. 

The second part of processing is related to the actual consumption of a 
material. Table 4.28 shows CAP-CHNG-PRCSNG; it integrates the quanti­
ties by calling QNT-INTGR-M, updates the total capacity of processing and 
calls some procedures to update event times. A change of capacity occurs to 
an operation, for instance, the rate of harvesting occurs when the moisture 
content of straw changed. 

Table 4.28 Procedure CAP-CHNG-PRCSNG of class MATERIAL. 
procedure CAP CHN6 PRC5N6 (OPR MT6);« I ; 
ref (0PRTN_MATRL)0PR_MT6; 
if PROCESSING then begin (called in oprtn.cap_qnt.chng; 

QNT INT6R M; 
CAP*0PR5_PRC:« CAP.QPRS.PRC • 0PR_MT6.CRP.CHN6; 
60 UNTIL~MP; 
ACCEPTJJNTIL; 

end; 

Table 4.29 Procedure GO-UNTIL-MP of class MATERIAL. 
procedure 60 UNTIL MP; |---- .... .... .... -...j 
if PROCESSING then" 
begin (called in oprtn.go on,cap chng prcsng, stop prcsng; 

ref (FIELD) F1; 
QNT INT6R M; 
F1:- FLD.C; Iskip fid e:; 
while FLD RT TRIL and F1.0URNTITY < 1.04-4 and F1.5uc «/« none do Fit- FLSuc; 
while not FLO RT TRIL and F1.QUANTITY < 1.04-4 and FLPred •/« none do F1:- FLPred; 
DURTN C0N5:« if CRP OPRS PRC (> 0.0 
then (F1.QUANTITY -"ONT.PROCJJPR) / CRPJ5PR5.PRC / 24.0 
else -1.0; levtm expected fron other material; 
EVTM FLD:- Time • 0URTN CONS; 
if DURTN CONS ) 0.0 then EVTM FLD:« RMRX (EVTM FLD, 
if Time • 1.04-4 > Tine then LT PR0C • 1.04-4 else LT PR0C • 1.04-3); 
if DURTN CONS <« 0.0 then EVTM FLD:- Tine - 1.0; (irrelevant; 
if EVTM.FLD > Tine and 
(if not Idle then Evtine > Tine and EVTM.FLD < EVTM else true) 
then reactivate this MRTERIRL at Tine; 
if CAP OPRS DLV < CRP OPRS PRC and DELIVERINS and SUPPLY NOD 
then OECIDETOLVRY SLiI:« tnie; 
if nnt DLVR.RLLID then N0.DLVRN6.UNTIL; (new event ti«e?; 

wnd tf of go on with processing; 
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GO-UNTIL-MP (Table 4.29) calculates an adjusted event time, the mo­
ment when a field is processed completely. Fields without any quantity are 
omitted. The duration of consumption, DURTN-CONS is calculated for the 
quantity of the field minus the quantity in the pipeline or is set at a negative 
irrelevant value if the capacity is still zero (a subsequent recalculation may 
produce a relevant event time). The event time at which the field is con­
sumed, EVTM-FLD is assigned a moment in the past when the quantity 
processed already exceeds the quantity at the field (DURTN-CONS <= 
0.0) and otherwise a moment in the future with a minimum of 0.0001 or 
0.001 day added to the last time processing occurred, LT-PROC in order to 
avoid rounding off errors (Time is unfortunately not a long real variable and 
with a day numbering over years Time can exceed 10000 days, so about four 
significant decimals are left). The material is reactivated to schedule it prop­
erly on the time axis with events. The last but one statement let DECIDE 
know that delivery is slower than processing; this information may be help­
ful to see from the output when processing capacity is lost due to waiting for 
delivery. The last statement calls NO-DLVRNG-UNTIL (Table 4.24) to be 
certain that changes in capacity also affect the event time when delivery 
may be allowed again. 

The remaining of the second part of processing concerns the consumption 
of material and consists of two procedures both called from an operation 
when quantities are transferred from one material to another. The first one, 
ADJUST-QUANT (Table 4.30), integrates quantities and performs four 
other tasks. 
(i) Under the condition that the available quantity is less than the quantity 

processed (and still in the pipeline), it asks to deliver immediately by 
calling DELIVER-MAT (Section 4.1.3.4). 

(ii) Under the condition that FLD-C refers to a field without a quantity and 
is not the first or last one in the queue, it transfers the quantity in the 
pipeline, QNT-IN-PROCS, and removes the empty fields. 

(Hi) If even after delivery the available quantity remains less than the quan­
tity processed (and in the pipeline), then this difference is added to a 
cumulative quantity processed in vain (as dummy), QNT-PRC-
DUMM, and the quantity processed (FLD-C.QNT-IN-PROCS and 
QNT-PROC-OPR) is adjusted. If the difference exceeds the quantity 
processed in 0.001 day and is not due to faster processing than delivT 

ering, then a warning message is printed so that the accuracy of the sys­
tem can be checked. 
Exercise: Can you imagine why a message is not send when processing 
is faster than delivery? 

(iv) If the field is consumed (an event occured) and is the only field in the 
queue and the quantity in the pipeline is not almost the quantity of the 
field due to rounding off errors, then the quantity in the pipeline is ad­
justed. The difference is cumulated again in QNT-PRC-DUMM. 
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Table 4.30 Procedure ADJUST-QUANT of class MATERIAL. 

procedure RDJU5T.GURNT; 1 ; 
begin (called from nprtn.qnt transfer] 

QNT INT6R M; 
if GURNT.RVLBL < QNT.PROC.OPR - 1.0&-4 and DELIVERING then DELIVER.HRT; 

if PROCESSING and OUANT.RVLBL > 1.01-4 and FLD.C «/• none then 
I (move to field with quantity and remove empty field (fld_e); 
I (however no check on readiness of fieldll; 
while FLO C.QURNTITY < 1.04-4 and 
(if not FLO.RT.TRIL then FLD.C «/• FI.D.Q.First else FLD.C • /» FLD.O.Last) do inspect FLD.C do 
if not FLO RT TRIL and Pred«/« none then begin 

Pred qua FIELD.QNT IN PROCS:- QNT IN PR0C5; 
FLO C:- Pred; 
if FLO.C.Sue «/« FLD.D then FLO.C.Sue.Out; 

end 
else if FLO PT TPIL and FLO C.Suc •/« none then begin 

Sue qua~FIELD.QNT IN PR0CS:« QNT IN PROCS; 
FLO C:- Sue; 
if FLO.C.Pred «/» FLD.D then FLD.C.Pred.Out; 

end; 

I Idifferences due to rounding errors of Time when single precision var.; 
I (corrections before delivering • consumption in oprtn.qnt transfer; 
if QURNT.RVLBL < QNT.PR0C.0PR then begin 

QNT PRC DUMM:« QNT PRC DUMM • QNT PROC OPR - OURNT RVLBL;(cum. differences; 
if QURNT RVLBL < QNT PROC OPR - 24.0&-3 t CRP QPRS'PRC and 
not (DELIVERING and CRP.OPR5.0LV < CRP.QPR5.PRC " Idlvr slower than prcsng;) 
then begin 

Out image; 
Outtext darning MRTRL.RDJU5T.QURNT in Material, at Time:'); 
Otittext (* Amount available < Rmount processed by operation.'); Out image; 
Outtext (NAME CONP); Outfix (Time.6,12); Outfix (QURNT RVLBL,6,12); 
Outfix (QNT.PROC.OPR,6,12); Outimage; 
Outtext ('Event-time of field passed? Rmount in field, Cum. amount not processed.'); 
Outimage; Outfix (EVTH FLD,6,12); Outfix (FLO C.QUANTITY,6,12); 
Outfix (QNT.PRC.DUMr1,6,12); Outimage; 

end; 
if QNT TRF FLD «/« none and not (DELIVERING and CRP 0PR5 DLV < CRP OPRS PRC ) 
and QURNT.RVLBL < QNT.PROC.OPR - 1.04-4 then 
inspect QNT.TRF.FLD do begin 

Outimage; 
Outtext C laming HRTRL.ROJJST.QURNT in Material , at Time:'); 
Outtext ('Rmount available ( Rmount processed by operat ion. ' ) ; Outimage; 
Outtext (NAME C0MP)j Outfix (Time,6,12); Outfix (QURNT RVLBL,6,12); 
Outfix (QNT.PROC.OPR,6,12); Outimage; 
Outtext ('Event-time of field passed? Rmount in field, Cum. amount not processed.'); 
Outimage; Outfix (EVTH FLD,6,12); Outfix (FLD C.QUANTITY,6,12); 
Outfix (0NT.PRC.DUMM,6,12); Outimage; 

tndt 
FLD.C.ONT_IN_PRQCS:« QNT.PROC.OPR:" QURNT.RVtBL; (adjusted to avlbl quantity; 

end; 

if Rbs(EVTH_FLD - Time) < 1.01-4 and PROCESSING and FLD.Q.First •« FLD.Q.Last 
then inspect FLD C do (length • 1; 
if Rbs (QNT IN PROCS - QUANTITY) < 24.01-3 t CRP OPRS PRC then begin 

QNT PRC"DUHM:« QNT PRC DUNN • QNT IN PROCS -"QUANTITY; (cum. differences; 
QNT.PROC.OPR:« 0NT.IN.PR0C5:* QUANTITY; ladjusted to quantity of field; 

end; (else more fields with quantity or already adjusted; 
end tt of quantity adjustment; 

The second procedure in actual processing is shown in Table 4.31; CON-
SUMPTN-M is called by the processing operation that requires a transfer of 
this material to the material(s) produced. The quantity to consume is known 
by QUANT in the operation. The following statements deal with: 
(i) The consumption of quantities on successive fields; it is performed field 
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by field (FLD-C); a Virtual' procedure ATTR-INTG-M- (still empty in 
the base model) can integrate costs of material that are independent of 
field properties varying with time; CONSUMPT-F of FLD-C is called 
(Table 4.10) to consume the quantity and to transfer a remaining quan­
tity processed (in the pipeline) to another field; some output is given 
about the field and the quantity on a printfile, QNT-TRF-FLD if it ex­
ists; when the current field is exhausted then FLD-C refers to the first 
field of the queue or if needed to a subsequent field containing a quan­
tity and a pipeline quantity; an empty field may be removed from the 
queue; if a pipeline quantity is still not met in a field the search is con­
tinued; an error message occurs when no field is found. 
The decrease of the quantity available, QUANT-AVLBL, the increase 

Table 4.31 Procedure CONSUMPTN-M of class MATERIAL. 

procedure T0N5UMPTN M CQPR MT8); 
ref (0PRTN_KflTRL) 0PR_MT8;~ 
begin 

real 0NT1.0NT2; 
ref (FIELD) F2; 

» m m « • 
I 

(called in oprtn.qnt_transfer; 

QNT1:- ONT M:« OPR MT8.GU0NT; 
F2:- FLD.CT 
white QNT1 )« 1.04-4 and 
(if FLD.C «/« none then FLD_C.QUGNTITY > 0.0 else false) do 
begin Isome*quantity processed May be lossed; 

QNT2:« RHIN (0NT1, FLDJ".BURNTITY); Iqnt2 <• fld_r.quantity; 
PTTR INT6 N (GNT2); ~ (updates costs of material; 
FLD„C.C0N5Urf»T„F (0NT2); 
inspect ONT TRF FLO do begin 

5etpos(M POS); 
Outtext (FLD.CFLD.SONO.TXT); 
OuttextC - ' ) ; 
0utfix(QNT2,2,5); 
if FLO C.OURNTITY < 1.04-4 then OiittextCeF'); 
if 0NT1 > QNT2 • 1.04-4 then Outimage; 

end; 
QNT1:« QNT1 - QNT2; 
if FLO C.OURNTITY < 1.04-4 and FLO C.0NT_IN_PR0CS < 1.04-4 then FL0_C.0ut; 
if FLO'C.QURNTITY < 1.04-4 then FLD.C:- FLDJ).First; Ifield nay be fld_e or none; 
if FLD~C »/« none then (adjust to field with quantity; 
while FLO C.OURNTITY < 1.04-4 and FLD C.Sur. «/• none do begin 

if FLD C.QNT IN PR0C5 > 1.04-4 
then FLD C.Suc qua FIELD.QNT IN PR0C5:* FLD.C.QNT.IN.PROFS; 
FLD.C:- FLD.C.Suc; 
FLn_C.Pred.6ut; (remove empty field; 

end; 
if 0NT1 > 1.04-4 and FLD C «/« none thenladjust to field with qnt_in_procs; 
while FLD_C.0NT_IN_PR0C5~< 1.04-4 and FLD.C.Suc «/« none do FLD.C:- FLD.C.Suc; 
if QNT1 >~1.04-4 and FLD C •« none then begin 

Out text ('Error MRTRL.CQNSUHPTN.M in Material, at Time,'); 
Out text (' Rmotmt processed is not available I'); Out image; 
Outtext (NRtC.COWP); Outfix (Time.6,12); Outfix (ONTI.6,12); (may not occur; 
Out image; 
0NT_M:« 0NT_M - 0NT1; 0NT1:« 0.0; 

end; 
end; 

0NTJ»R0C_OPR:« 0NT.PR0C OPR - ONT M; 
QUPNT PVLBL:» QUPNT RVLBL - ONT N? 
0URNT PR0C5D:« 0URNT PR0C5D • QNT M; 
ONT M:« 0.0; 
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Table 4.31 (continued) 
if (if FLD C ** none then true 
J; ~ else FLD H « FLD E and not DLVRY SETUP 
I; Ind OUflNOWLBL < 1.01-3 and FLD.C.BNTJN.PROCS ( 1.0&-4) 
and OUflNT RVLBL > 0.0 then begin 

ONT DL7D." QNT DLTD • OUPNT RVLBL; 
if GURNT.RVLBL > 1.04-2 then begin 

Out image; 
Outtext C'iarning MRTRL.CONSUMPTNJI in Material, at Tine,*); 
Outtext (' Rvaliable amount deleted, Cum. deleted amount1); Out image; 
Outtext (NRME COMP); Outfix (Time,6,12); Outfix (0URNT_RVLBL,6,12); 
Outfix (GNT.DLTD.6,12); Outimage; 

end; 
inspect GNT_TRF_FLD do begin 

Out image; 
Outtext ('laming MRTRL.r.0N5UMPTNJ1 in Material, at Tine,'); 
Outtext (' Available amount deleted, Cum. deleted amount*)j Out image; 
Outtext (NRME COW*); Outfix (Time,6,12); Outfix CQURNT_RVLBL,6,12); 
Outfix (GNT_DLTD,6,12); Outimage; 

end; 
OURNTJWLBL:« 0.0; 

end; 
if GURNT RVLBL < 1.0&-4 and DELIVERING then DELIVER.MRT; 
if GUGNT~RVLBL i 1.0&-4 then begin 

GURNT RVLBL:« 0.0; 
5UPPLY_NDD:« true; 
if not DLVRY SETUP then begin lelse adjusted in dlvry_stnp; 

RVLBL NEXT:* false; 
CH.RVLBL; 
DECIDE.END_FLDS:» true; lmat_down follows in state_chj*at; 

end; 
if not RVLBL or (FLD.C «« none and not DLVRY.SETUP) then begin 

FLD Q.Clear; 
FLDIEXPCTJ*..; FLD.E:- FLD_C:- FLDJ);lmake an experted field; 
RDMN.DISPLRYJIRTR^; (updates display data before states are changed; 

end; 
end; 
if FLD.RT.TRIL then FLD.D.Into CFLD_Q) else FLDJJ.Follow (FLDJJ); 
I (place fid d in queue when removed with fld_c or not; 
if F2 «/« FLD.C then RTTRJLDjL; 
CH RERDY; ~ (ready nay change with next field; 
5TRTE CH.MRT; 
MRX.QURNT.M.; 

end; 

of the quantity processed, QUANT-PROCSD, and the decrease of the 
quantity in the pipeline, QNT-PROC-OPR (it needs not become zero 
when another operation has still to transfer processed material). 

(iii) If some quantity remains available without a field, then the quantity is 
deleted (accumulated in QNT-DLTD) and a message is send if it ex­
ceeded 0.01 [ha]; the quantity is also deleted if FLD-C refers to the ex­
pected field, FLD-E, the quantities are small and no delivery is ex­
pected; the latter is performed especially to make QUANT-AVLBL 
zero regularly to prevent accuracy errors. 

(iv) If hardly any quantity is available then delivery is appropriate other­
wise supply is needed, AVLBL is adjusted and DECIDE receives a 
message that the fields are exhausted, END-FLDS, and no delivery is 
expected (later in STATE-CH-MAT the material becomes DOWN, re­
sulting in activation of DECIDE and finally in stopping of processing of 
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Table 4.32 Procedure STOP-PRCSNG of class MATERIAL. 
procedure 5T0P.PR15N6 (0PRJ1T7); I 
ref COPRTN.KRTRL) 0PR_MT7;~ Iratled in oprtn.terunt; 
begin 

inspect OPR HT7 do 
if RUN PHR5E >» BUSY then (go on was called; 
CRP 0PR5 P R O - COP 0PR5 PRC - CRPCTY RCTL; 
PRC OPRsT- PRC 0PR5 - 1? 
if PRC.0PR5 « 0 then begin 

PR0CE5SJN6:« PRC55 SETUP:* false; 
GNT_PR0C 0PR:« O.Oj CRP 0PR5 PRC:« 0.0; 
if STRTE - RUN then STRTE NEXT:- PR55IVE;Istop not caused by Material; 
5TRTE CH NRT; 
EVTM_FLD:« Tin* -1.0; 

end; 
6CMJNTII MP; (continue with regaining operations; 
RCCEPTJJNTIL; 
if not Idle then reactivate this MATERIAL at Ti»e; 

end; 

this material), a new expected field may be required, 
(v) FLD-D is placed in the queue when it was removed with the above ma­

nipulations with FLD-C; it is not removed, even if it is empty, because 
delivery may occur ur it can be FLD-E; 

(vi) If the original field consumed, F2, is not the same as FLD-C then FLD-
C may have other properties and procedure ATTR-FLD-M- updates 
them with an influence on, for instance, rate of processing (the 'virtual' 
declared procedure ATTR-FLD-M- is not defined in the base model), 

(vii) Ready for processing is updated as well as the state of the material and 
the actual maximum quantity. 

The third part of processing concerns the termination of an operation, the 
stopping of processing this material at least partly is shown in STOP-
PRCSNG, Table 4.32. It reduces the capacity of processing if needed (the 
operation in busy) and the number of operations. If this number is zero 
PROCESSING becomes false; zeros are assigned, the state is changed, the 
event time for a field adjusted. Event times are adjusted and the material 
activated to reschedule itself on the time axis (because a rescheduling by 
GO-UNTIL-MP or ACCEPT-UNTIL is not certain). 

4.1.3.4 Dynamics 

This section describes the dynamic section and the related procedures. Ta­
ble 4.33 shows the dynamic section that has to contain a call to one of the 
activation or deactivation procedures (such as activate, passivate, hold). A 
permanent cycle is created by using: 'while true do begin end;'. In this 
case the dynamic section is controlled by END-EXPRMNT; the cycle ends 
when the experiment is ended. The first part of Table 4.33 shows four 'if-
statements' each calling a procedure if the current time is close to (< 
0.00001 day or 0.0144 min) an event time defined in the material. The sec­
ond part calculates the minimum of the event times and schedules the 
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Table 4.33 Dynamic section of class MATERIAL. 
( d y n a m i c ; 

while not END EXPRMNT do begin 
if Rbs (FVTM.MOX - Time) <« 1.04-5 and DELIVERING then DELIVERJ«W; 
I I due to maximum quantity achieved; 
if Rb* (EVTMJLD - Time) <« 1.04-5 and PROCESSING then PR0nE55J!RT; 
1 (due to field completion; 
if Rbs (EVTMJH.VRJJK - Time ) <« 1.04-5 then TERMNT_NOJJLVR; 
I (due tn actual quantity <* max; 
if Rb* (EVTMJM.PHNT - Time ) < 1.04-5 then MRTJJVLPMNT..J 
I I due to autonomous development; 
EVTM:« RMIN ( 
(if PR0fE55IN6 and EVTH FLD > Time • 1.04-5 then EVTM FLO else 1.04*9), 
(if DELIVERING and EVTH MRX > Time • 1.04-5 then EVTM MRX else 1.04*9) ) ; 
EVTM:* RMIN (EVTM, RMIN ( 
(if EVTM DLVR OK > Time • 1.04-5 then EVTM DLVR OK else 1.04*3), 
(if EVTMJJVLPMNT > Time • 1.04-5 then E V T M ' D V L P M N T else 1.04*9) ) ); 
LOOP DYN:> if Time < EVTM then 0 else L00P~DYN • 1; 
if L00P.0YN >« 10 then begin 

Outtext ('The system arrived at a lonp in the dynamic section of material: ' ) ; 
Out text (NRME C0MP); Out image; 
Outtext C at time:1); Outfix (Time,6,12); 
Outtext ('; R runtime error is forced to enter simddt.'); Outimage; 
Outtext ('You may continue by giving: 'input evtm:* x'# where x « time • y ' ) ; 
Outtext (' and y >0 (e.g. 0.001 day).'); Outimage; 
L00PJ)YN:« L00PJJYN / 0; Icauses a runtime error; 
I I You can continue in simddt by giving: :nput evtm:« x ,(x > timel); 

end; 
if EVTM > Time • 1.04-5 and EVTM < 1.04*8 
then 
reactivate this MRTERIRL at EVTM 
else Passivate; (reactivated in go_until_mp, accept_until, no_dlvrng_until; 

end tt of while dynamic; I and in mat^dvlpmnt.., dlvry_stop, stop^prcsng; 

material at that minimum or removes it from the time axis by calling Passi-
vate. A counter, LOOP-DYN is used to detect an unexpected situation; the 
debugging system SIMDDT is entered by forcing a division by zero. 

The first procedure mentioned in the dynamic section is DELIVER-
MAT, Table 4.34. It only works if the last time of delivery, LT-DLVR, is in 
the past and DELIVERING is true. All the operations delivering this 
material (in OPRTN-DLVR-Q) are requested to transfer the quantity proc­
essed by calling UPDAT-QNT (Table 4.90). If such an operation is busy 
with processing, it transfers the quantity immediately and that may result 
for this material in achieving the maximum quantity and no allowance to de­
liver more i.e. DLVR-ALLWD becomes false. After the requested transfer 
of material DELIVER-MAT continues with either to call CONTINUE in all 
the operations delivering (i.e. continue with processing; Table 4.90) or to 
require a new decision by activating DECIDE after giving it a signal that 
the maximum quantity is achieved. 

The second procedure called in dynamic is PROCESS-MAT, Table 4.34. 
It has a similar structure as DELIVER-MAT. It requests the transfer of the 
quantity processed from all the operations processing this material (in 
OPRTN-PROC-Q) by calling also UPDAT-QNT. It continues with proc­
essing by calling CONTINUE or with warning the operations delivering that 
their material produced is required, MAT-PRD-RQRD: = true. 
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Table 4.34 Procedures DELIVER-MAT and PROCESS-MAT of class MATERIAL. 
procedure DELIVERJWT; I 
I I ca l l ed in dyn . , adjust_quant, urg mat_prc , consumptn n; 
i f LT DLVR < Time and DELIVERING then begin 

r«f (RECORD OPR) REC OPR DLV; 
LT DLVR:* Tim*; 
REC.OPR.DLV:- OPRTNJJLVRJJ.First; 
while REC OPR DLV *!• none do begin 

REC OPR DLV.OPR MT.UPDBT GNT; 
RECJ3PRJH.V:- R E C . 0 P R . 0 L V . 5 U C J 

end; 
i f DLVR RLLID and DELIVERING then begin 

RECJ)PRJ5LVr- OPRTN_DLVR_0.First; 
while REC OPR DLV «7« none do begin 

REC OPR DLV.OPR MT.CONTINUE; 
RECJJPRJO:- REC_OPR_DLV.5uc; 

end; 
end 
else i f not DLVR QLLtO then begin Istop producing by a c t i v a t i n g decide; 

DECIDE.HOT.MRX.ONTtt t rue ; 
ac t iva te DECIDE at Time; leal Is d lvry .stop and no_dlvrng_unt i l ; 

end; 
end; 

procedure PR0CE55JWW; I ; 
I I ca l l ed in dynamic, a t t r updt m , u rg j»at_prc_, d e l i v e r y j i _ # shi f t„chnge_, dlvry stop; 
i f LT PROC < Tine and PR0CES5IN6~then~bi»gin 

re f (RECORD OPR) REC OPR CN53, RECJJPRJ5LV1; 
LT PR0C:« Time; 
REC_QPR_CN53:- OPRTN_PROC_Q.First; 
while REC OPR CN53 «7« none do begin 

RFC OPR CNS3.0PR MT.UPDflT ONT; 
RECJ)PRJ"N53:- RECJ)PR_CNS3.Suc; 

end; 
i f (PVLBL or DLVRY SETUP) and STATE <> DOWN (down may be due to next f i e l d not ready; 
and PR0CESSIN6 then begin 

REC OPR DLV1:- OPRTN DLVR Q . F i r s t ; 
i f not SUPPLY NDO or"*DELIVERIN6 then begin 

REC.0PR.CN53:- OPRTN.PROCJJ.First; 
while REC OPR CN53 «7« none do begin 

REC OPR CNS3.0PR MT.CONTINUE; 
RECJ3PRJ.NS3:- REC.0PR.CNS3.Sue; 

end; 
end 
v ise Imater ia l exhausted; 
while REC OPR DLV1 • / • none do inspect RECJ3PRJJLV1.0PR_MT do beyin 

i f 5T0TE * RUN then MAT PRO RQRD:* t rue ; I s ta te of o p e r a t i o n l l ; 
RECJ3PRJU.V1:- RECJ3PR_DLVl7Suc; 

end; 
end; le lse s tate changed into \processing or \ready or ( \ a v a i l a b l e and \d lv ry_setup) ; 
I . . . decide w i l l be act ivated in s t * te_ch_«at ; 

end; 

Exercise: Do you remember the example mentioned in Section 4.1.3.2 
(Table 4.18)? Can you give the conditions of the baler operation, bales in 
the field and the gathering operation to meet a similar situation of waiting 
for a material? 

The scheme in Table 4.35 shows some links in a sequence of operations 
and materials. The left operation is delivering the material and the right one 
processes it. DELIVER-MAT calls UPDAT-QNT and CONTINUE from 
the left operation and PROCESS-MAT from the right one (that also may 
set MAT-PRD-RQRD in the left one). The right operation on its turn can 
be referred to as a 'delivering operation' when seen from a subsequent 
material. 
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Table 4.35 The relation from a material to operations by procedures. 
--> operation --> Material --) operation --> 

delivering processing 

UPDflT ONT (called in ) 
( ) 

CONTINUE (DELIVER MOT) 

UPDPT QNT (called in ) 
( ) 

CONTINUE (PROCESS MOT) 

NAT PRO RORO (Variable of operation ) 
(set ko true in PROCESS MOT) 

Table 4.36 Procedure TERMNT-NO-DLVR of class MATERIAL. 

procedure TERWNT_NOJH.VR; 
begin 

MPX QUANT M j 
i f DtVR RLliD then begin 

DECIDE.HAT DLV OK:* true; 
activate DECIDE at Tine; 
EVTMJilVR.OICi. Tine - 1.0; 

end 
else N0_DLVRN6JJNTIL; 

end; 

leaded in dynaaic; 
l»*y change dlvr_allwd; 

(yesterday « i r re levant; 

Irevise event time; 

The third procedure is TERMNT-NO-DLVR, Table 4.36; it terminates 
the situation of no delivery at the event time the processing is proceded far 
enough to decrease the available quantity to a level below the maximum; 
this results in DLVR-ALLWD = true, a signal to DECIDE and an activa­
tion to consider a decision. 

The fourth procedure MAT-DVLPMNT- is a 'virtual' one and still empty; 
it is intended to describe the development of material properties over time 
as caused by autonomous, continuous processes such as growth, disease ef­
fects and moisture movements. 

The following sections describe the subclasses of material as shown in the 
following scheme: 

MATERIAL — PROCESSED-MAT — INITIAL-MAT (Section 4.1.5) 
(Section 4.1.4) 

LINTERMDT-MAT (Section 4.1.6) 
LFINAL-MAT (Section 4.1.7) 

The materials in the system that are present at the beginning of a season 
are called INITIAL-MAT and form a subclass of PROCESSED-MAT, a 
material processed. An intermediate material has initially no quantity; the 
quantity is delivered and will be processed later on, so INTERMDT-MAT is 
also a subclass of PROCESSED-MAT. A final material has initially no 
quantity; the quantity is delivered but not processed, so FINAL-MAT is a 
subclass of MATERIAL. 
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4.1.4 Materials processed 

Materials that are processed have additional attributes related to the prop­
erties controlling the workability and to the urgency of processing. Table 
4.37 shows the class declaration with the prefix MATERIAL, some parame­
ters and the virtual procedures. Table 4.38 shows the declaration of the va­
riables; the commentary in the program and the use of the variables in the 
procedures will clarify their meaning. 

Procedure SHIFT-CHNGE- is called in the shifts controlling the avail­
ability of objects over periods and within a week. It is a redefinition of the 
virtual procedure programmed in the superclass COMPONENT (Table 
4.3). Table 4.39 shows the procedure: data are updated by calling TIME-C-
ACCUM (Table 4.3); PROCESS-MAT (Table 4.34) is called to update the 
quantities; M-ADMN refers to a class recording data of the material (the 
base model defines only virtual procedures, Table 7.8); if the availability of 
the component changes then the state is changed and a shift controlling the 
calculation of the urgency is activated; at the end of a period some output of 
the situation occurs and if no shift for the urgency calculation exists, then 
the procedures URG-MAT-PRC- and URG-MAT-EXT- are called to force 
at least one calculation per period; finally the current costs category from 
SH-WK is assigned to CTGR. SH-WK is not used to control AVLB-COMP 
(as in Table 4.3) but only to record material properties per category of 
costs, for instance, the number of hours the material was workable during 
regular time or overtime. SH-PRD is obligatory for a processed material. 

The timeliness function is essential for processed materials; it controls the 
urgency of operations. How this is done will be shown in the following pro­
cedures; the theoretical background is described by Elderen (1977). Proce­
dure TML-FNCT-FRC (Table 4.40) calculates the fraction of the timeliness 
function on a date relative to the date when the optimum yield is achieved. 
A relative date outside the range of dates results in a fraction valid at the 
first or last date of the range; a relative date within the range results in a 
fraction interpolated linearly between the fractions of the adjacent dates. 
The timeliness function is given in an array TIMELINESS and the related 
dates in TML-DATE ( a series of npn decreasing integers; unequal inter­
vals); TML-CNDTN defines the current condition when more timeliness 

Table 4.37 Class PROCESSED-MAT; its parameters and virtual procedures. 
HPTERIPL class PROCESSED MPT | i i i i i i i : t : i i m i t j i i i i u i i i i x i t i t u ; 
CSHJJR6N, PROC CNDTNS, T«L FNCTNS, TMLJRTES, CNDTNS J M . DPY5_IT_DPTR); 
r«f (5HIFTJJR6) SHJJR6N; ~ Inbject calculating urgency of «ater ia l ; 
integer 
PRQC_CNDTN5, 1number of (exclusive) conditions in processing; 
TMl_FNCTNS, (number of timeliness functions; 
TKL.OPTES, (number of dates with timeliness data given; 
CNDTN5_i_T, Inumber of conditions and; 
0PY5 IT DPTR; (days for which expected workable time is given; 
virtual7 procedure UR5.MPT.PRC., UR6.HPT.EXT_, RESET.M., DELIVERY.INIT., DELVR_FLD_INIT_; 
begin 
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Table 4.38 Declaration of variables of class PROCESSED-MAT. 
( d e c l a r a t i o n ; 

boo I tan I- — --------.----. 
DI5UR&.USED, ldisurgency to deliver this material} 
M.PRC.CND.fH; ltrue if a processing condition changed] 
real !-- - -j 
rOST5.7h1.NS5, Ictim. costs of timeliness losses (quantity t price); 
C05TS.EXC.CPi leu*, additional costs due to use of excess capacity of gang; 
C05T5.EXPCTD, I due to proc. mat. Making avoidable extra costs e.g.dryingtfl/hal; 
FIN5H.MPT, (expected finishing tine of processing; 
PRICE.HQ, lexpected price per ha; 
TML.VRLUE, I timeliness value of first field (fraction t price/ha); 
TML VL PREV, (timeliness value of first field (fraction t price/ha); 
THL'lOSS ALT, (alternative timeliness; 
QNT.RLT.FLD, (area of field to calculate tmt.loss.alt; 
ONT.DRY.PR.M, (area processed until previous day (incl.); 
T.iRKBL, I long term) expectation of workable tine in hours per day; 
•T.NULT, (Multiplier to adjust a) an average to a more restrictive workable; 
( ~ (time (<» 1.0) b) 8-18 to 8-22 o'clock, c) dry to wet grain (>>1.0); 
I 1 d) to tune the urgency to an optimal level; 
L055.MULT, (multiplier of timeliness loss:1.0 and 0.0 when 
I timeliness funrtinn is used or not to calrulate losses; 
CRP.RTI0.PRV, (previous capacity before change of properties; 
UR6ENCY.PR0C, UR6.PR0C.T, lurgenr.y of processing or consumption of material; 
UR6.PR0C.RLT, lurgenr.y used as minimum; 
DI5UR6NC.DEL, DI5URG.DEL.T, ldisurgency of delivering or producing this material; 
PROC.PRQPRTY; (property of material that controls workability (weather); 
integer array I — •- -• '----—• 
MflT.DLV.CNDTN I IMIN (1,PR0C.CNDTNS):PR0C.CNDTNS), 
I (material delivered if processing condition is valid; 
TNL.DRTE (IMIN(1,TML.DRTE5):TML.DRTE5); 
I (timeliness dates relative to 0.0 , the date with max.yield; 
real array I ; 
TIMELINESS [IMIN(1,TML_FNCTNS):TML.FNCTNS , IMIN(1,TML.DRTE5):TML.DRTE5), 
I (timeliness yield in fraction of max. yield fnr two conditions; 
PRC.CN0TN.LB, PRC.CNDTN.UB (IMIN (1,PR0C.CN0TN5):PR0C.CNDTN5), 
I (lower and upper bound of exel.ranges of processing conditions; 
T.FRRC.PR0C MrSH.PRD.PERDS • 11, 
I (fraction of workable time intended for processing; 
T.IRKBL.EXP (IMIN(1,CN0TNS.I.T):CNDTNS.i.T , 0:DRY5.iT.DRTP); 
I (time in (h) expected as workable, condition i, days 1 to j; 
boolean array |---- — ....... — . . . — . 
M PRC CNDTN, H PRf" CND PRV (IMIN (1.PR0C CNDTN5):PR0C CNDTN5); 
text TQIL; " I ; 
integer I- -• 
PERD.hUT, I.M2, (current period number from sh.prd; 
TML.CNDIN, Icondition for one of the timeliness functions ; 
CNDTN.I.T, (condition for expected workable time; 
MOT DLVR, MRT DLVR PRV; (materials delivered depending on prncessiny conditions; 
ref~(REC0RD.0PR) " 1 ; 
REC.0PR_C.D1; 

functions are used, for instance, one function before a disease, a certain cli­
mate, a date and another afterwards. An example of the timeliness func­
tions of wheat is shown in Table 4.41. Fig. 2.1 illustrates such a function. 

The calculation of the expected timeliness loss is shown in Table 4.42. 
The preliminary calculations concern the current type of day (Monday, etc.) 
DAY-TP-M, an initial loss TML-LOSS of -100, the days needed to finish 
the consumption of fields, the current period PRD, the expected workable 
time per day T-WRK-DAY, the duration of the workable time already used 
at the current moment DUR-WRK-USED and an adjustment of a field ref­
erence FLD to the first field with a quantity. The calculations for the exist-

64 

http://rOST5.7h1.NS5
http://C05TS.EXC.CPi
http://REC.0PR_C.D1


Table 4.39 Procedure SHIFT-CHNGE- of class PROCESSED-MAT. 
procedure 5HIFT_CHN6E_; I - • 
begin leaded in sh prd, sh wk; 

TIME C RCr.UM; 
if PR0CE55IN6 then PROCESS JtflT; 
inspect M.RDMN do if RVLB.COMP then «DMNJ1_UPDRTE_ 
else RDMN~M LT_; " ~ lupdates all tt .,.. to tine; 
RVLB_rO«P.PR:« RVLB.COMP; 
RVLB.COMPT* SH PRD.RVLB PRD; linfluence from sh wk not involvedll; 
if not (RVLB COMP PR eqv RVLB COMP) then begin 

5TRTE CH MAT; 
i f RVLB.COMP and 5HJJR6N «/• none then activate SHJJRfiN at Time; 

endj 
PERD MRT:« 5H PRD.PERD; 
i f fibs (TIME YR - 5H PRD.PERD END (SH PRD.PERD - 11 ) < 1.0&-3 then begin 

i f not ENO.SERSON and RVLBJ"OMP_PR then RDMN.PERD_OUT.M_ ( this PROCESSED MRT); 
i f SHJJR6N «* none then UR6_MRT_PRC_; Inot controlled by sh_urgn then calculation} 
i f 5H_UR6N «« none then URfi_MRT_EXT_; I of urgency once per period; 

end; 
i f SHJHC « / • none then CT6R:» SHJfK.COST.CTGR; lused in recording only; 

end: 

Table 4.40 Procedure TML-FNCT-FRC- of class PROCESSED-MAT. 
real procedure TML.FNCT.FRC. (DRTE_RElTV); I ; 
I (called in tml_loss_exp_, urg_mat_prc, attr_intg_f_, delvr_fld_m_; 
real DRTE.RELTV; ' (timeliness fraction at date relative to date with max.yield; 
begin 

real TML,DRTE_REM; Idate remainder « date_reltv - timeliness date li); 

DRTE.NO:. 2; 
if DRTE RELTV <« TML DOTE [11 I..d...<«..1...2...3..---...tmls...; 
then TML FNCT FRC :«~TIMELINE55 (TML CNDTN, 1] 
else if DRTE RELTV >« TML DRTE (TML 0RTE5J I...1...2...3...---...tmls...<*d..; 
then TML_FNCT_FRC_:« TIMELINE5S ITMLJINDTN, TML.DRTE5) 
else begin I...1...---...<d<...---...tmls...; 

while DRTE NO < TML DRIES and TML DRTE (DRTE NO) < DRTE RELTV do 
DRTE N0:« DRTE NO *"l; 
D R I E " R E M : « DRTE RELTV - TML DRTE (DATE NO-1); 
TML:T TIMELINESS (TML CNDTN7DRTE NO-1); 
TML FNCT FRC :» TML • (TIMELINE55 (TML CNDTN.DRTE.NO) - TML) / 
(TMLJJRTE (DRTE NO) - TML DRTE (DATE NO-1)) * DRTE.REM; 
Ktml.dateldate.no) - tml_date(date_no-1l) > 0.0? also if tml_date(i)« ..Ii*1)l; 

end; 
end tt of timeliness fraction at a date; 

Table 4.41 T w o timeliness functions of wheat. 

- 3 - 2 0 8 15 40 100 dates relative to optimum (0) 

0.15 0.93 1.0 0.98 0.96 0.84 0.0 timeliness fractions without sprouting 

0.15 0.93 1.0 0.98 0.56 0.44 0.0 tiemliness fractions with sprouting cereal 

ing fields concern: a duration of processing DUR-FLD-PROC is derived; 
the number of days FLD-FNSH-DAY needed to finish the processing of this 
and preceding fields in the queue (along with skipping weekend days and 
adjusting the duration when a next period is entered); the start FLD-
START-T and finish FLD-FNSH-T moments of the field; the timeliness loss 
on that field TML-LOSS-FLD in ha for one hour of delay in processing 
(calling TML-FNCT-FRC for the start and finish moments); the cumulative 
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Table 4.42 Procedure TML-LOSS-EXP- of class PROCESSED-MAT. 
real procedure TML.L055.EXP.; I ; 
begin Icalled in urg.mat.prc_; 

integer 
PRO .FLD.FNSH.DRY, 0PY.TP..M, OPY.TP .FNSH j 
real 
DUR REMNNG.OUR iRIC USED.T IRK DRY, 
FL0>INSH T.FLD START T.OUR FLO PROC, 
TML.LOSS.FLD,TML.LQS5,TML.LOSS.SUM; 

DAY TP M:« Mod (DPY TP 1JAN • EntierCTIME YR • 1.0&-4) - 1 , 7 ) 4 1 ; 
TML LOSS:* -1.042; 
FLD'FINSH T:« RMRXHIME YR, EntierCTIME YR»1.04-4) • DAY B6N/24.0); 
FLD*FN5H DPY:- 1; Idays needed to finish fields; 
PRD:« PERD MPT; 
T fRK DPY:* IT MULT t (workable tin* pttr day; 
(if FLn FNSH.DPY <« DPY5 IT DPTP then T IRKBL EXP [CNDTN V T,1) else T IRKBL); 
DUR IRK USED:« DPY FRPC NOW t 1 fRK DPY; (duration used of workable time; 
FLOT- FLD.Q.First; 
if FLD */« none then begin 

if FLD.QUPNTITY ( 1.D&-4 then FLD:- FLD.Sue; (skips expected field without quantity; 
end; 
while FLD «/* none do begin 

DUR FLD PROC:* Iduration of processing; 
FLDTQUPNTITY / CPP PROC / T FRPf PROC IPRD); 
DUR REMNN6:* DUR IRK USED:«~DUR §RK USED • DUR FLD PROC; 
while DUR REMNN6~> oTo do begin" 

DRY TP FNSH:« Mod(DRY TP_M - 1 • FLD FN5H DPY - 1,7) • 1; 
if DPY~TP FNSH * 5PT then FLD FNSH DRY:* FLD FN5H DRY • 2 
else if DRY.TP.FN5H * SUN then FLD.FNSH.DRY:* FLD.FNSH.DRY • 1; 
( (add 2 or 1 to skip weekend days; 
T IRK DRY:* IT MULT t lexpented workable time per day; 
(if FLD FNSH.DRY <* DPY5 IT DRTR then T IRKBL EXP (CNDTN V T,FLD FNSH DRYJ 
else T iRKBL); 
OUR REMNN6:* DUR REMNN5 - T IRK DPY; 
if DUR REMNN6 > 0.0 then begin " 

FLD FNSH DRY:* FLD FNSH DRY • 1; 
if EntierdlME YR • 1.04-4) • FLD FNSH DRY > SH PRO.PERD END IPRD) 
and PRO < 5H.PRD.PERD5 • 1 
then begin 

PRO:* PRD • 1; (adjusts to following period; 
DUR REMNN6:* DUR REMNN6 t 
T.FRRC.PROC (PRD~- 1) / T.FRRC.PROC (PRD); 

end; 
DUR.IRK.USED:* DUR.REMNN6; 

end tt of adjusting field finish day; 
end tt of while: fid fnsh day is found; 
FLD STPRT T:* FLD FINSH TT lare equal if f Id.quantityO.; 
FLD FINSH T:* Entier (TIME YR • 1.04-4) • DPY BGN / 24.0 • FLD FNSH DPY - 1 • 
(DRY.END - DRY.B6N)/24.0 t~DUR.IRK.USED / RMPX (T.IRK.DPY, 0.01); 
( It wrk day>0.0 for mat. processed; 
TML LOSS FLD:* (TML FNCT FRC (FLD START T - FLD.DATE OPT YLD) -
I; TNL.FNCT.FRC. (FLD.FINSH.T - FLD.DATE.OPT.YLD) ) t CAP.PROC; 
1 l(ha/h)*fractiontha/h of delay; 
TML LOSS SUM:* TML LOSS SUM • TML LOSS FLD; 
TML LOSS:* RMPX (TML LOSS, TML LOSS SUM); Inon decreasing value over all fields; 
FLD:- FLD.Sue; 

end xx of field; 
FINSH MPT:« FLD FINSH T; I time last field finished; 
TML LOSS ALT:* (TML FNCT FRC (0.0) - llnwer bound of timeliness loss; 
TNL.FNCT.FRC. (ONT.ALT.FLD / (CAP.PROC t T.IRKBL t IT.MULT t T.FRAC.PROC (PERD MPT) ) ) 
) t~CRP.PR0f7 
TML.L0S5.EXP_:* RMPX (TML.L0S5, 0.0); (loss in ha/h may be mure than 1; 

end tt of expected timeliness loss of available fields; 

loss TML-LOSS-SUM over the fields and a non decreasing loss TML-LOSS. 
Finally the following calculations are executed: the moment of finishing the 
material FINSH-MAT is recorded; an alternative timeliness loss TML-
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LOSS-ALT (used as a lower limit, see URG-MAT-EXT-, Table 4.44) is de­
rived for an imaginary field (QNT-ALT-FLD acreage) that has its optimum 
yield at the current moment and uses the workable time of the current pe­
riod; and the resulting expected timeliness loss TML-LOSS-EXP with a 
minimum of zero. 

The above procedure is used to derive an urgency of processing and is 
called by procedure URG-MAT-PRC-, Table 4.43, that is called in SHIFT-
CHNGE- (Table 4.39) at the beginning of a period or in the shift controlling 
the moments of calculating the urgency (Table 4.108). URG-MAT-PRC-
updates the quantities and an expected field before calling TML-LOSS-
EXP- to find the urgency of processing, URGENCY-PROC, in f/h. The al­
ternative urgency, URG-PROC-ALT, is derived in the same way. A disur-
gency of delivery, DISURGNC-DEL, is 0.0 if it is not to be used in the cal­
culation of the urgency of gangs, otherwise it becomes URGENCY-PROC 
if a delivered field is placed at the head of the queue (such a new field delays 
the processing of the existing fields and so causes that expected timeliness 
loss). If however the fields delivered come at the tail of the queue and if the 
current field for delivery, FLD-D, has an optimum date of processing later 
than the material is expected to finish the processing of the existing fields or 
is only an expected field, then the disurgency becomes 0.0; it is otherwise 
related to the loss due to a delay from the optimum date to the date the ma­
terial will be finished (a new field delivered at the current moment will be 
processed after FINSH-MAT although its optimum date is earlier; a delay 
of delivery is useful and is influenced by a positive disurgency). Finally a 
'virtual' procedure, CAP-EXC-M-, not defined in the base model, is called 
that may derive from the urgency of processing a desire to use a level of ex­
cess capacity although it results in extra loss of material, for instance, enlar-

Table 4.43 Procedure URG-MAT-PRC- of class PROCESSED-MAT. 

procedure URG MRT PRC ; • " \"" """" A ~""" ; 

begin " leal led in shift .chnge., shift_urg.dyn.; 
i f DELIVERING then DELIVER.MRT; 
if PROCESSING then PR0CE5S.MRT; . 
if not DELIVERING and not PR0CE55IN6 and SUPPLY.NDD and FLD.E •/• none then begin 

FLD E.Qut; FLO EXPCT M.; FLD.E:- FLD.C:- FLD.D; 
CH.RERDY; 5TRTE.CH.MaT; J 4 . . . 

e n t j . lupdates f Id .e .date .opt .y ld; 
HOUR RT TIME; 
UR6ENCY~PR0C:. TML L0S5.EXP. t PRICE.HR; 
I Ifraction of area in ha lossed per h t price per ha, (fl/h:« ha/htfl/haJ; 
UR6 PR0C RLT:« TML L05S RLT t PRICE.HR; 
DIS0RGNC"DEL:« 
if not DISURG USED then 0.0 ,.._..,. c • i- t- XA 
else (if not FLD RT TRIL then UR6ENCY PR0C lne« field delays processing of existing fieldsj 
!• else (if FLD~D DRTE OPT YLD < FINSH MRT and FLD.D «/« FLD.E 
I! then (TML FSCTFRC. (0.0) -"TML.FNCT.FRC. (FINSH.MRT - FLD.D.DRTE.0PT.YLD)) 
I; $ CRP PR0C t PRICE.HR . 
j. e|se o.O)); Ifld.d has optmua after finishing material or 
I' * is expected field; 
CRP EXC M ; 

e n c j . ~ ' (redefined in sn»e specific materials; 
67 

http://5TRTE.CH.MaT


Table 4.44 Procedure URG-M AT-EXT- of class PROCESSED-M AT. 
procedure URG^MRT^EXT^; I---- .... ---- --.- .--.. 
begin (called in shift chnge , $h urg.dyn., decide.dyn.; 

UR6J»R0C_T:« if RVLBL then RMRX ( UR6ENCY.PR0C, URfi.PROC.RLT) ICfl/hJj 
else 0.01; Ismail urg to start if delivered! 
DJSURGJ)EL_T:« DI5UR6NCJJEL; Kfl/hlj 

endi (way be redefined in specific material; 

ging the combine-harvester rate of operation in the wheat harvesting to 1.12 
results in 1% additional loss of grain; 1.18 in 2% and 1.22 in 3% additional 
loss. 

Procedure URG-MAT-EXT- extends the urgency calculations by modify­
ing the urgency and disurgency to updated values for the current moment, 
Table 4.44; it defines URG-PROC-T as the highest of URGENCY-PROC 
and URG-PROC-ALT (the alternative urgency) if material is available and 
otherwise as 0.01. The value 0.01 is just sufficient to accept the processing 
of the material if it is delivered at the same time and is low enough not to 
make it urgent. The procedure is called from decide as well as from the 
shifts. 

The following procedure is used to update attributes, ATTR-UPDT-M-, 
Table 4.45; it is called from WEATHER-MATRL where the weather and 
material data are read as input. A call from MAT-DVLPMNT- is also 
needed if properties depend on such a development. A processing property, 
PROC-PROPRTY is derived from the weather object, WTH-MAT. The 
range of property is subdivided in exclusive intervals of processing condi-

Table 4.45 Procedure ATTR-UPDT-M- of class PROCESSED-M AT. 

procedure RTTR_UPDT_M_; I---- .... ----- ----- ...... 
begin (called in weather, reset ; 

PR0C PR0PRTY:« iTH MRT.PROPERTY IMRT NO); (independent of field properties; 
•0RKBL NEXT:- M_PRC_CND CH:« false; 
MRT DLVR PRV:« MRT D L V R J 

for I M2:« 1 step T until PR0C CNDTN5 do begin 
M PRC CND PRV II M2J:« M PRC CNDTN [I M2); 
M PRC CNDTN (I M2):« 
PR0C_PR0PRTY >« PRC CNDTN LB II M2J and PR0C PR0PRTY <« PRC CNDTN UB II M2); 

• M _ P R C J : N D J : H : « M_PRC_CND_CH or not (M_PRC_CNDJ»RV [I_M2J eqv M_PRC_CNDTN (I_M2)); 
I (union of changes in conditions; 
•0RKBL.NEXT:« i O R K B l J O T or M.PRC.CNDTN [I_M2J; 
( lunion of processing conditions; 
if M_PRCJ.NDTN II_M2) then MRTJH.VR:* MRT_DLV_CNDTN CI_M2); 

end; 
CH B0RKBL; 
5TRTE CH MRT; 
if M PRC~CND CH then begin 

i f MRT DLVR PRV <> MRT DLVR and PR0CE55IN6 then PR0CES5 MRT; 
RECJJPR.CJlT:- 0PRTNJ»R0CJ].First; 
while REC_0PR_C_D1 «7« none do 
inspect REC 0PR C D1.0PR MT do begin 

i f MRT DLVR~PRV <> MAT DLVR then MAT PROD CHN6 (MRT DLVR PRV, MRT DLVR); 
5TRTE CH OP"; 
R E C . O P R J L D I : - RECJJPR.CJM.Suc; 

end; 
DECIDE.PRC.CND:« true; 
activate DECIDE at Tine; 

end; 
end; 
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tions each with a lower and an upperlimit and a material delivered. You 
may think of the moisture content of grain; if it is between 0.0 and 19.0% 
then the delivered grain is dry, if it is between 19.0 and 23.0% then the de­
livered grain is wet; outside these ranges the material is not workable. So in 
the procedure each condition must be checked to see if it is within the limits 
and if the condition has changed. The workability (WORKBL-NEXT) and 
the material that can be delivered, MAT-DLVR are derived. The workabil­
ity and the state are updated by calling CH-WORKBL and STATE-CH-
MAT. If some processing condition has changed, then PROCESS-MAT is 
called when the material delivered also changes; all the operations proc­
essing this material (in OPRTN-PROC-Q) are informed by calling MAT-
PROD-CHNG (that changes the material produced by the operation; Table 
4.91) and STATE-CH-OP- (that updates the state of the operation accord­
ing to the current processing conditions) and DECIDE receives a signal that 
some conditions changed and is activated. 

A related procedure of a processed material is ATTR-INTG-F-, Table 
4.46; it integrates attributes related to a field and is called at the moment of 
starting an operation (Table 4.86) and integrating the quantities processed 
(Table 4.25). In this case it integrates the timeliness losses in COSTS-
TMLNSS by deriving the timeliness value from the timeliness function for 
the field consumed, FLD-C. By giving LOSS-MULT in input a zero value 
(instead of 1.0) the influence of the timeliness function on the timeliness 
costs is nullified (although the influence on the urgency remains) and no 
timeliness losses at all are expected or another more appropriate means to 
calculate the losses (that can be defined by ATTR-INTG-F- in a subclass or 
in ATTR-INTG-M- as called in CONSUMPTN-M, Table 4.31). An exam­
ple is the timeliness losses of bales in the field which can be related to the 
amount of rain on the bales from the moment of baling until the moment of 
gathering; this requires specific information concerning the material and is 
only possible in the experimental frame. If such specific information is not 
available to calculate timeliness losses then one has to use the timeliness 
function or to give it up. 

The procedure DELVR-FLD-M- is shown in Table 4.47 and shows the 
updating of QUANTITY and of the quantity delivered QUANT-F-PRD to 
an existing field or to a new field if the existing field is not produced on the 

Table 4.46 Procedure ATTR-INTG-F- of class PROCESSED-M AT. 

procedure PTTR_INT6_F_; I i 
begin (called in supply_expct, start_oprtn_, nn t_in tor «•; 

THL VL PREV:« TML VRLUE; 
THL"V0LUE:« PRICE~HP t THL FNCT.FRC. CTIMEJTR - FLD.C.DflTEJPTJU.D); 
i f 0NT PR0C 0PR >"0.0 then'feegin 

COSTS THLNS5:« 
COSTSlTHLNSS • CPRICE_HP - 0.5 t (TMl_VL_PREV • THL.VRLUE)) t LOSSJtULT t 
(0NT_PR0C_0PR - FLD_c70NT_INJsR0C5); Tloss at t i«e now «ay di f fer f ro* loss at s ta r t ; 

end; 
end; 
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Table 4.47 Procedure DELVR-FLD-M- of class PROCESSED-MAT. 
procedure DELVR FLD H 
CQNT PROD _M_, FLDJJRIGINRL.); I ; 
r t a l QNT PROD ft ; 
ref CFiaD)"FLD_ORI6INOL.j 
begin k i l l e d in delivery M ; 

i f FLO D.DPTE PRODCD < Entier (TIME YR) I fame day and sa»e nam* then sane f i e l d ; 
or (if~FLD D.FLO AREA «• none then true If Id e; 
(; else FLDJ).FLD_RRER.RREfl_NRrfE <> FLDJ)RJGINRL_.FLD_RRER.RRERJiRHE) then 
inspect new FIELO do begin 

FLD Q SON:- FLD Q SON • 1 ; 
FLD D:- this FIELD; 
i f FLD RT TRIL then Into (FLD Q) else Follow (FLD 0 ) ; 
DRTE PR0DCD:« DRTE PRQC5BL:- DRTE OPT YLD:« TIHF.YR; 
HRKE NRME (FLD 0 SON, MAT NO); 
FLD.RRER:- FLDJJRI6INRL_.FLD.RRER; 

end; 
inspect FLD D do begin 

QUANTITY:. OURNTITY • QNT PROD M ; 
QURNT F PRO:* QURNT F PRD • QNT PROD M j 

end; 
end $t nf delivering intermediate Material; 

current day or its area name is not the same as the area name of the field 
consumed. When a field of wheat belonging to another area is harvested, a 
new field of straw and a new field of grain is created. When several fields 
with straw and different dates of production are baled on the same day and 
refer to the same area name, then only one field of bales is made. The new 
field is placed in the queue of fields at tail or head, sets its dates of produc­
tion, of processable state and of the optimum yield equal to the current mo­
ment, TIME-YR; a name is made (Table 4.10), and a reference is made to 
the area of the field from which the material originated. 

The remaining procedures of a processed material are RESET- (that re­
sets the initial situation of a material for a following season, Table 4.48) and 
INIT-INPUT- that reads the input data (Section 5.2.2 'Initialization of ob­
jects', Table 5.57). 

Table 4.48 Procedure RESET- of class PROCESSED-MAT. 
procedure RE5ET_; I . 
b*9in Icalled in reset; 

QURNT_RRRVD:« QURNT RVLBL:« QURNT PR0C5D:* QNT DLTD:« QNT PRE DUMr1:« 0.0; 
LT INTE6RT:« Ti»e; " " " " 
OVLBL NEXT:* false; 
CH.RVLBL; 
SUPPLYJiDD:« true; 
FLD E:- FLD D:- FLD:- none; FLD Q.Clear; 
FLD Q 5QN:« FLD Q 5QN PR:« 0; 
C0ST5 TMLNS5:« COSTS EXC CP:« 0.0; 
PERD_MRT:« 1; 
RESET_M_; Ireads initial fields; 
if FLD C ** none then begin 

FLD.EXPCTJI.; FLD.E:- FLD.C:- FLD J ) ; 
end; 
CRP RRTIQ:» 1.0; 
RTTR UPDT H ; 
CH RERDY;" " 
5TRTE CH HRT; 
DLVR RLLfD:* true; 
HRX QURNT H ; 

end; 

• - • • . 
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4.1.5 Initial material 

Initial materials start with fields at the beginning of a season and are proc­
essed later in the season. So INITIAL-MAT is a subclass of PROCESSED-
MAT. In addition to this prefixed class it contains the appropriate initializa­
tion (Tables 4.49-4.51). Table 4.49 RESET-M- is called from RESET- and 
resets the material by calling DELIVERY-INIT for each initial field re­
quired, it updates the availability of the material, the field for consumption 
and sets the end of process ENDED-PROCS to false. DELIVERY-INIT, 
Table 4.50 updates material attributes and calls for a new field. This proce­
dure has a similar function as to DELIVERY-M- (Table 4.21). Table 4.51 
shows the procedure DELVR-FLD-INIT, that creates a new field, a new 
area for each field and reads data from PARAMETERS (a reference to an 

Table 4.49 Procedure RESET-M- of class INITIAL-MAT. 
procedure RESET_M_; I- -- . 
inspect PRRRMETER5 do begin (railed in reset ; 

FIND DRTR RT («DRTR LIST of FLD.'); 
N INIT FLDS:» Inint; 
for I_M2:« 1 step 1 unt i l N INIT FLD5 do DELIVERY INIT ; 
i f QURNT.RVLBL > 0.0 then RVLBL_NEXT:« true? CHJIVLBLj" 
i f RVLBL and FLD.E « / • none then begin 

FLD_E.Gut; FLD_E:- none; (deletes expected f i e l d ; 
end; 
FLD J ! : - FLD Q.First; 
FLD Dt- if FLD RT TRIL then FLD Q.Last else FID 0.First; 
if RVLBL then ENDED.PR0C5;« false; 

*nd; (note that delivering of initial Material by processing renains passible; 

Table 4.50 Procedure DELIVERY-INIT of class INITIAL-MAT. 

procedure DELIVERY INIT ; (-, 
inspect PRRRMETER5 do begin (called in reset m ; 

Iniaage; |eacn fi«| d o n neVline; 
QNTJ*_D:« Inreal; 
QURNT_RRRVD:« 0URNT RRRVD • QNT M D; 
QURNT_RVLBL:« QURNT~RVLBL • QNT~M~D; 
FLD_0_SGN PR:« FLD 0 5QN; 
DELVR_FLD_INIT (0NT~M D ) ; 
i f 0URNT_RVLBL > 0.0'then 5UPPLY_NDD:« false; 

*nd of inspect parameters; 

Table 4.51 Procedure DELVR-FLD-INIT of class INITIAL-MAT. 
procedure DELVR FLD INIT (QNT.PR0D__M_); I J 
real 0NT_PR0D M_; " Iralled in delivery_init_; 
inspect new FIELD do inspect PRRRHETER5 do begin 

FLD Q SQN:« FLD Q SON • 1; 
if FLD RT TRIL then Into (FID 0) else Follow (FLDJ3); 
QURNTITY:« QNT PR0D_M ; 
QURNT F PRD:« QNT PR0D__M ; 
DRTE PR0DCD:« TINE YR; 
DRTE PRQC58L:« DRTE TO DRYNO (Inint, Inint); 
DRTE'OPT YLD:« D R T E ' T O ' D R Y N O (Inint, Inint); 
MRiCE~NRME (FLD Q SON, HRT.N0); 
FLD RRER:- new~RRER; l»*cn init. field has its own areal; 
FLDJJRER.RCRER6E:« GNT_PR0D__r1_; 
Lastite«; 
FLD.RRER.RRER.NRME:* Intext (IMINOO, Length - Pos • 1)); 

*nd tt of d«livering initial Material; 
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input file). This procedure is comparable with DELVR-FLD-M- (Table 
4.47). 

Each initial material will be processed; it may be delivered also by calling 
from an operation DELIVERY-M- in class MATERIAL (Table 4.21) and 
DELVR-FLD-M- in class PROCESSED-MAT (Table 4.47). So an initial 
material can also act as an intermediate material that is delivered and proc­
essed. For example if one want to plough other fields than the original fields 
with wheat then it is possible. 

4.1.6 Intermediate material 

An intermediate material is delivered during the season and will be proc­
essed. Straw is such an intermediate material that is delivered by harvesting 
wheat and is processed by baling. This subclass is empty but may be speci­
fied by creating specific subclasses, for instance, a subclass STRAW or 
BALES to define specific virtual procedures as DELVR-FLD-M-, ATTR-
UPDT-M-, ATTR-INTG-F-. 

4.1.7 Final material 

A final material will not be processed, so the attributes of a material proc­
essed are not needed and it is a direct subclass of MATERIAL. It redefines 
the procedures MAX-QUANT-M- (no maximum) and DELVR-FLD-M-, 
Table 4.52. The last one considers only a new field when the area name to 
which it belongs differs from the current area name. 

Table 4.52 Procedure DELVR-FLD-M- of class FINAL-MAT. 
procedure MflXJJURNTJ1_; ; !no maximum considered; 

procedure DELVR FLD M 
(ONT PROD H ,FLD QRIBINftl ); I 
real GNT PR0D__M ; 
ref (FIELD) FLDJJRIGIN«L_; 
begin (called in delivery_»_; 

I I sane na»e then sane field; 
if (if FLD D.FLD RRER »• none then true else 
FLD_n.FLD.RREP.RRER NOME <> FLD 0RI5INRL .FLD RRER.RRER NAME) then begin 

FLD 0 SQN:« FLD Q SON • 1; 
FLD D:- new FIELD? 
FLD D.Into (FLD Q ) ; 
FLD D.MAKE NRME (FLD Q SON, MRT NO); 
FLD.D.FLD.RRER:- FLD_0RI6INflL_.FLD.RRER; 

end; 
inspect FLD D do begin 

QUANTITY:* QURNTITY • QNT PROD H ; 
GURNT_F_PRD:« GURNT.F.PRD • GNT~PR0D_M_; 

end; 
end tt of delivering final Material; 
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4.2 Men and machinery 

Sections 2.1.2 'Men and machinery' and 2.2.2 'Operations and decision' 
have already shown that men and machines constitute man-machine sys­
tems. They are called gangs when they are related to an operation and are 
called combinations when they reflect that two or more gangs can work si­
multaneously as far as men and items of equipment on the farm are con­
cerned. 

4.2.1 Men and machines 

The common part of men and machines is programmed in class LABR-
EQPMNT, Table 4.53. It has four parameters; three belong to the prefixed 
class COMPONENT (Table 4.2); one parameter LE-NO-LE is the category 
number of the type of labour & equipment to which this object belongs. All 
men can have the same category number, all horses or type of tractors or 
trailers can have their category number. In other words the same category 
number can be used by several objects which are considered identical i.e. it 
does not matter which one is used in a gang. The reference variable G-AS-
SEMBL refers to the gang using this man or machine object. Procedure 
SHIFT-CHNGE-, Table 4.54, is redefined and differs from the one shown 
in Table 4.3; it adds costs per hour, COSTS-H, and a next state depending 
on its availability, AVLB-COMP. The procedures starting, START-
ACTVTY, and stopping, STOP-ACTVTY, the activity of the object, Table 

Table 4.53 Class LABR-EQPMNT; parameter, virtual procedure and declaration of varia­
bles. 
COMPONENT c l a s s LRBR.EQPMNT CLE.N0J.E); | , « « • « • • • « • « « . • • • « « • « « • • • • . . • • « • • . . « « • « • « , 
integer LEJIOJ-Ej " " Ir.ategory of »en or •achines; 
virtualtprocedure 5TRTE_CH_LE_; 
begin 

l d e c l » r a * l o n » 

ref (MAN KRCH SET) ! : : """"' 
6 RSSEMBLj " Igang assembled this object for usej 

Table 4.54 Procedure SHIFT-CHNGE- of class LABR-EQPMNT. 

procedure SHIFT-CHNGE.; I ; 
begin (called in shift week, shift perdj 

TIHE_C_RCr.UMi 
if 5H_iK «/« none then begin 

RVLBJ!0MP:« 5H iK.RVLB iKj 
TT6R:« 5H iK.COST C T S R T 
C05T5.H: «~5H JHC .COSTS JIQi • 

end else RVLB C0HP:« truej 
RVLB_C0HP:« RVLB EOMP and (if 5H PRO «/« none then 5H PRO.RVLB PRD else true)j 
5TRTEJI£XT:« if not RVLB COHP then DOJN 
else if STRTE « RUN then RUN 
I; else PRSSIVC; 

. 5TRTE_CHJ.E_; Iwith additional conditions for state.next; 
end; ~ 
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4.55, derive the next state of man or machine and call the Virtual' proce­
dure STATE-CH-LE-, which changes the state (Table 4.57 and 4.59). The 
initial section, Table 4.56, shows that one object is added to the total num­
ber of this category. 

The subclass LABOUR is shown in Table 4.57. It contains only the proce­
dure STATE-CH-LE- to change the state if the next state does not equals 
the current state; such a change is prescribed by (i) gangs requiring a man or 
releasing a man (by calling START- /STOP-ACTVTY) and by (ii) SHIFT-
CHNGE- when the costs of men changes or regular worktime/overtime 
starts or finishes. The latter situation results in updating the number of man 
available, LE-NMB [.,AVAIL]. At the moment the last statement is 
achieved, the object becomes a terminated process, a data block. Men are 
not considered as living' objects in the simulation because no event can 
happen due to a man; the occurrence of worktime and no-worktime is han­
dled for all men together in the 'living' process SHIFT-WEEK (Section 
4.4.2 'Shifts within a week') for convenience reasons only; that process is re­
ferred to by SH-WK, a parameter in the superclass COMPONENT (Table 
4.2). 

The other subclass EQUIPMENT is shown partly in Table 4.58. It has 

Table 4.55 Procedures START-ACTVTY and STOP-ACTVTY of class LABR-EQPMNT. 

procedure 5TRRTJOVTY; | 
i f 5TRTE « PP55IVE thnn begin leaded in gang.assenble; 

5TRTE NEXT:. RUN; a 

5TRTF_CH_LE_; 

procedure STOPJOVTY; | 
b e 9 i n (called in gang.disassemble; 

STRTEJ€XT:« i f RVLB.COMP then PRS5IVE else DOiNj 
5TRTE_CHJ.E_; 

end; 

Table 4.56 Initial section of class LABR-EQPMNT. 

I i n i t i a I; 

LE NMB (IE NO LE.TOTRU:* LE NHB (LE NO LE.TOTRL) • 1; (total number of category; 
5TRTE NEXT:* STRTE:« DOtN; 
Into (LE STRTE 0 (LE NO LE, 5TRTE)); Insed in gang.store costs!I; 

Table 4.57 Class LABOUR and its procedure STATE-CH-LE-

LRBR.EQPMNT class LRBOUR; l««««»««««.•»««.•««..«.«.««..««,..«,..««. 
begin 

procedure 5TRTE_CH_LE_; I — . 
if 5TRTE (> STRTE.NEXT then begin (called in shift_chnge_,start/stop_actvty; 

TIME.C.RCCUH; 
i f STRTE « DOtN then LE.NHB ILE_N0_LE(RVRIL):« LE NHB CLE NO LE,RVRIU • 1; 
i f 5TRTE.NEXT « DOiN then LE NH§ CLE NO LE,RVRIL)7» LE NM§ [LE NO LE.RVRILJ - 1: 
STRTE:« STRTE NEXT; " " " 
Into CLE_5TRTE_Q ILEJIOJ.E.STRTEJ); 

end I I of stnte change; 
end I I of class labour; 
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Table 4.58 Class EQUIPMENT and declaration of variables. 
LRBR.EQPMNT class EQUIPMENT] 
begin 

I d e c I a 

real 
REPPIRTIME, 5ERVIEETIME, 
RPRJ.B, RPRJJB, RPR.DUR, 
SRVCJ3UR LBT SRVC DUR UB, 5RVC DUR, 
5RVCFR RUNT, " " 
FLRFR.LB, FLRFR UB, 
FLRFR OUR, 
FLR PT RUNT, 
5RVC TRHNTD, 
REPT.VOR, REPT MERN, 
SERT.VQR, SERT~KERN, 
5T0RECRP..E; 
boolean 
RPR_ND, SRVC.ND; 
integer 
5 R OPR NO, 
U_FL RP7 U 5RVC, 
REPR_0B5, 5ERV 0B5; 

| l ( l l f l l l t l l i i i t t m i i i i i n i , , , , , , , , , , , , , 

n; 

I 
Ipart of downtime, run. in hours; 
I lower/ upper bound/ duration of repair in lh); 
I lower/ upper bound/ duration of service in th); 
UiniauM run time free of service in (h); 
Mower/ upper bound of failure free run time in (h]j 
Iduration of failure free run tine in Ih); 
(failure will occur at runtime, in Id); 
(service terminated at runtime, in Id); 
(variance and mean of repair duration; 
(variance and wean of service duration; 
(storage capacity of trailers (ha); 

I 
I true if repair, service needed; 

» ; ; 

Itype nf operation for repair or service; 
IrandoM numbers; 
Inunber of repair/service observations; 

three sections: declaration, initial and dynamic; it may be an object to which 
events can happen such as failure, service needed and service or repair is 
done. The variables declared will become clear when they are needed in the 
procedures or in the dynamic section. Uniform distributions of the duration 
to repair a failure, the duration to service the machine and the duration of 
the time the machine is used and is failure free are used; at the end of such a 
duration the machine is repaired, serviced or fails (only during STATE = 
RUN). The lower- and upper-bounds (...-LB, ...-UB) or limits of these dis­
tributions are read from the input file, Section 5.2.2 'Initialization of ob­
jects', Table 5.44. 

The first procedure STATE-CH-LE-, Table 4.59, is larger than the one 
for man (Table 4.57) and adds (i) an activation of a class referenced by 
UPDT-MM-SYS (Section 4.2.3) that updates the man-machine systems 
when the available number of this category of equipment changed and some 
man-machine systems cannot (or can again) be used; (ii) a signal to the gang 
using this equipment that a failure has occurred, G-ASSEMBL.FAILURE-
E becomes true; (iii) a reactivation under certain conditions of this item of 
equipment to schedule it at the moment a failure is expected during its use 
(or when not used but scheduled it is canceled from the time axis of future 
events); (iv) a call to SERVICE-NEED after the use of the machine. The 
latter procedure, SERVICE-NEED, Table 4.60, checks if the service free 
nmtime (a minimum) is already exceeded. Service is performed only after 
use of the machine! It updates the duration SRVC-DUR, places this ma­
chine in a queue, MCHN-S-R-Q, of the operation, OPR-S-R [S-R-OPR-
NO], caring for service or repair of this machine, it updates its own state and 
that of the operation and signals DECIDE that something happened to a 
machine. Procedure SRVC-RPR-DON, Table 4.60, is called from the oper­
ation when the service or the repair is done. If repair was needed it records 
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Table 4.59 Procedure STATE-CH-LE- of class EQUIPMENT. 
procedure 5TATE_CH_LE_; I - — - — ; 
begin leal led in shift chnge ,start/stop actvty,service need,srvc rpr don,dyn.; 

if RPR NO or 5RVC ND then STRTE NEXT:* D01N; " Iwas not yet included in shift r.hnge ; 
if STATE <) 5TRTE~NEXT then begin 

5TPTE PREV:* 5TPTE; 
TIME C RCOJM; 
if 5TPTE « DOiN then LE NMB ILE NO LE,RVRIL):« LE NMB CLE NO LE.RVRILl • 1j 
if 5TRTE NEXT « DOiN then LE NMB ILE NO LE,RVRIL):« LE NM§ [LE NOJ.E.RVRIU - 1; 
if (STRTE « OOiN or 5TPTE.NEXT « DOiN) then begin 

I (change in available number; 
UPDT MM SYS.TEST LE CLE NO LE):« true; 
activate UPOT MM SYS at Time; 
if RPRJiD or SRVC.ND then reactivate UPDT.MM.SYS at Time prior; 
I Iprevents immediately a start of operations involved; 

STRTE:« STRTE NEXT; 
Into (LE STRTE 0 ILE NO LE,STRTE)); 
if 5TRTE • DOiN and 5TRTE.PREV « RUN and RPRJID 
then 6 PSSEMBL.FRILURE E:* true; Isignal to gang that a failure occurred; 
if STRTE « RUN and FLR~RT RUNT < 1.019/24.0 and 5 R OPR NO > 0 and not Terminated 
then reactivate this EQUIPMENT at Time • FLR RT RUNT - TIME.USED IRUN) 
else if (if not Idle then Evtime > Time else false) then Cancel (this EQUIPMENT); 
I (cancels a reactivation when operation stops; 
if 5TRTE « PR55IVE and not 5RVC.ND then SERVICEJfEED; Irhecks need after work; 

end; 
end tt of state change; 

Table 4.60 Procedures SERVICE-NEED and SRVC-RPR-DON of class EQUIPMENT. 

procedure SF.RVICE.NEED; I - - ; 
I (called in dyn., state ch le ; 
if TIMEJJ5ED (RUN) - SRVC.TRMNTD > 5RVCFR RUNT and S R OPR NO > 0 then begin" 

5RVC ND:« true; 
SRVCJHJRi* Uniform (5RVC.DUR LB.SRVC DUR UB.U 5RVC); 
new RECORD LE ( this EQUIPMENT).Into (0PR*5 R ?5 R OPR NOJ.MCHN 5 R Q); 
STRTE NEXT:* DOiN; 
STRTElCH.LE.; 
OPR.S.R FS.R.OPR.NOI.STRTE.CH.OP ; (will not be called in updt mm s; 
DECIDE.MRCHN.FLR:* true; (signal tn decide; 

end; 

procedure 5RVC.RPRJ3QN; I ; 

begin (called in reset., oprtn.transfer; 
if RPR ND then begin 

REPAIRTIME:* REPRIRTIME • RPR DUR; 
5I6MEAN (REPT.VRR.REPTJfERN, REPR.0B5, RPR.DUR); 
RPR NO:* fa lse; 
FLRFR DUR:« Uniform (FLRFR LB.FLRFR UB,U FL RP); 
FLR.RT.RUNT:* TIMEJJSED (RUN) • FLRFR.DUR /~24.0; 

* end 
else if SRVC.ND then lrequired already in oprtn.transfer; 
begin 

SERVICETIME:* SERVICETIME • 5RVC DUR; 
5I6MEAN (5ERT VRR, 5ERT MERN, SERV 0B5, SRVC DUR); 
SRVC.ND:* false; 
SRVC.TRMNTO:* TIMEJJSED (RUN); (updated at failure or service needed; 

end; 
if not (RPR ND nr SRVC ND) then begin 

STATE NEXT:* if RVLB COMP then PASSIVE else DOiN; 
5TATE_CH_LE_; 

end; 
if STATE « PASSIVE then begin 

DECIDE.MRCHN.OK:* true; 
activate DECIDE at Time; 

end; 
end; 
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the total repair time, REPAIRTIME, the variation, the mean and the num­
ber of observations by calling the system procedure SIGMEAN, it calcu­
lates a new failure free duration FLRFR-DUR and a future time FLR-AT-
RUNT when a failure occurs; it is measured in days of the time the machine 
is used in state RUN, TIME-USED [RUN]. Otherwise service was needed 
and similar statements are executed. If neither repair nor service is needed 
any longer, then the next state of the machine is PASSIVE or DOWN de­
pending on its availability. In the first case DECIDE is reactivated after in­
forming it of the reason that the machine is in order again, MACH-OK be­
comes true. 

The dynamic section, Table 4.61 is entered if the experiment is not ended 
and failure or service is expected (durations of free time less than infinity, 
1.0 & 9 (=1.0 * 10**9)) and an appropriate operation for service or repair, 
S-R-OPR-NO is available, otherwise the last end is passed, the object is te-
minated and remains a data block. The dynamic block contains two 
statements: 

if STATE = RUN and .... then begin end; 
Passivate; 

These statements are executed in sequence each time the object is activated 
at failure time. The need for repair, RPR-ND becomes true, a repair dura­
tion RPR-DUR is updated, a call to SERVICE-NEED to learn if service 
also is needed, queueing the machine in the repair operation, changing the 
state of the machine and of the operation and an activation of DECIDE af­
ter making known that a machine failure occurred, MACHN-FLR becomes 
true. 

Table 4.61 Dynamic section of class EQUIPMENT. 
' d y n a m i c ; 

i f CFLRFR LB < 1.049 or 5RVCFR RUNT < 1.049) 
and 5 R 0PR NO > 0 and 5 R 0PR~N0 <« 0PRTN5 5 R 
then " " - - -
' r e p e a t ; 
*h i le not END EXPRMNT do begin 

i f 5TPTE I RUN and Pbs (FLR_RT_RUNT - TIMEJJ5ED fRUNl) < 1.0 / 24.0 / 60.0 11 win.; 
then begin 

TIME_C_RCCUM; 
RPR ND:« true ; 
RPR_DUR:« Uniform CRPR_LBIRPRJJB,U_FL_RP); 
SERVICE NEED; I i f repair then try servii.e; 
5TRTE NEXT:. DOWN; 
STOTE.CH.LE_; 
! (calls updt -• s and gang..vlbl ty.test and so oprtn g.state_r.h_op_; 
new RECORD LE (this EQUIPMENT)7lnto C0PR.5.R (5_R_QPR_N0J.MCHN_5_R_Q); 
0PR.5_R t5_R.0PR_N0).5TRTE_CH_0P_; Inot railed in updt_iwii_s; 
DECIDE.H0CHN.FLRT« t rue; i n i t i a t i v e from equipment; 
at t i v . t e DECIDE at Time; 

end; 
° » « C ^ M . » » J (activated in statn.ch_le; 
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This class EQUIPMENT is a description of different objects such as a 
planting or sowing machine, a harvester, a plough, trailers, tools, installa­
tions (a drier), power (oxen, horses, tractors). Subclasses were not nec­
essary, for instance to handle the capacity of power units [kW] for this is im­
plicitly defined by giving the identical items the same category number LE-
NO-LE (Table 4.53) and different types different category numbers. It is 
even possible to consider men as an object of class EQUIPMENT. They are 
referred to as MACH[i] and have the same features to become ill (compara­
ble with failure) or to need holidays (comparable with service). Also the re­
verse is possible to consider machines as an object of class LABOUR if no 
failure and no service is needed and a storage capacity is not relevant. In 
general it is sufficient to define for each object of class LABOUR a SHIFT-
PERD and a SHIFT-WEEK to control the availability during periods and 
within a week (Section 4.4). In objects of class EQUIPMENT SH-PRD and 
SH-WK may both refer to none and in that case the machine is considered 
available all the time. It is easy however to use objects of shift classes, for 
instance, to introduce machines of a contract-worker or neighbour for re­
stricted time periods or to restrict the availability of milking machines to two 
intervals a day. 

4.2.2 Man-machine systems 

A man-machine system is a set consisting of men and of items of equipment. 
There are two forms (Section 2.1.2 'Men and machinery'): (i) a gang for 
performing an operation, (ii) a combination that consists of two or more 
gangs working simultaneously. Table 4.62 shows the class MAN-MACH-

Table 4.62 Class MAN-MACH-SYS; parameters, virtual procedures and declaration of va­
riables. 

COMPONENT class MRN_MRCH_5Y5 (5ETJI0, 6NB5); iMunnon..........,,,,,,.,,,,...,,,.; 
integer 5ET_N0, I type number of set of man-machine systems; 
6N65; Inumber of gangs, lactuat parameter has to be 1 for a gang: 
virtual: procedure 5TRRTJWRIC_C_, 5T0PJJ0RK_C_; 
begin 

• d e c l a r a t i o n } 

integer I 
LESSON, 6N, (auxiliary variables; 
MM_5_5GN; I sequence number of type of man machine system; 
integer array I . 
R0RDJSN6 M:nN65), (required type of gang; 
RGRD_Nr!BJ.E M:LE_SGNSJ; (required number uf elements of labour & equipment; 
boolean array 1 
RVl M:LE_50N5); I true if available number >« required number; 
boolean |---.............„.__..„. 
RVLJ.E.RVLJ'REV, Itrue if all categories of man/mach.i: avlliMrue; 
RVL_6N65, Itrue if avlb comp for all gangs; 
RPPLICRBLE, RPPL_M_RVLBL; Inot down & mat.produced delivery allowed; 
I (material processed available or delivered)/ resp. true; 
real | - . 

URGENCY, URGENCY.CORRj lurgency without/ with corrections; 
ref (OPERATION) I 
OPRTN G» (none for combinations: 

i 

i 
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SYS with the prefix COMPONENT and the declaration of the parameters 
and variables common for both forms. Besides the usual parameters of 
COMPONENT (Table 4.2) two other parameters are needed. The first one, 
SET-NO gives the set of man-machine systems (Section 4.2.3) to which this 
system belongs and the second parameter GNGS gives the number of gangs 
in a system (1 for a gang, > 1 for a combination). The variables concern the 
sequence number of the gang MM-S-SQN, the gangs that are required 
RQRD-GNG, the number of each category of men and machines required 
RQRD-NMB-LE and the availability of the required number AVL, availa­
bility of all categories AVL-LE, of all gangs AVL-GNGS, the applicability 
of the man-machine system APPLICABLE and APPL-M-AVLBL (inde­
pendent of materials processed), the urgency of using URGENCY and UR-
GENCY-CORR (incl. costs, Table 4.71) and a reference to an operation. 

The procedure SHIFT-CHNGE-, Table 4.63, is redefined and contains 
the usual statements; it adds AVL-LE (true if all categories of men and ma­
chines are available in the required number) and AVL-GNGS (true if all 
gangs are available) to define the next state of the system. Table 4.64 shows 
STATE-CH-MMS that is as usual and adds the call to update the state of 
the related operation STATE-CH-OP-. 

The remaining procedures are called from a class updating man-machine 
systems (Section 4.2.3) when, for instance, the worktime of men is over, a 
machine is repaired or costs changed due to overtime. AVL-TEST sets 
AVL[i] of category i of men or machines to true if the available number on 
the farm is not less than the required number for the system; Table 4.65. 
AVLBLTY-TEST establishes AVL-LE (reflects all categories of men and 
machines) and AVL-GNGS (reflects all the gangs required) and changes 

Table 4.63 Procedure SHIFT-CHNGE- of class MAN-MACH-SYS. 

procedure SHIFT CHN6E ; » ''"" '""' 
begin " " Ir.alled in shift_week, shi f t .perd; 

TIME.C.RCCUMj 
i f 5H I K «/« none then begin 

PVLB C0MP:« 5H iK.RVLB.Kj 
CTfif?7* 5HJWC.r.QST_CTGRj 

end else RVLB_C0HP:« true} nr%n oon 

PVLB C0HP:» PVLB TOMP and ( i f 5H PRO «/« none then 5H_PRD.RVLB.PRD else true),-
STRTE NEXT:, i f not (PVL LE and RVL.GN65 and RVLB.COMP) then DOiN 
else " i f 5TRTE * RUN then RUN 
I ; else PASSIVE} 
5TRTE.CH.MM5} 

endj 

Table 4.64 Procedure STATE-CH-MMS of class MAN-MACH-SYS. 

Procedure 5TRTE CH MHS} I •* 
if STRTE <> 5TRTE.NCXT then Icalled in shift.chnge.,avlblty.test, start/stop.work_g/.c.} 
begin 

STRTE PREV:« STRTEj 
TINE C RCCUM; 
STRTE:^ STRTE NEXT} 
if 0PRTN__6 «7« none then 0PRTN__6 .STRTE.CH.OP_} 

t n d tt change of state of aan.war.hine system; 
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Table 4.65 Procedures AVL-TEST and AVLBLTY-TEST,of class MAN-MACH-SYS. 
procedure RVl_TE5T CLE.NO); I • 
integer LE_N0; Icalled init., in updt mm sys.state costs; 
RVL (LE„N01:» LE.NMB CLE.NO, RVRIL) >» RGRD_NMB_LE ILE.NO); Irequired'number available; 

procedure RVLBLTY_TE5T; I — - -.— — - ; 
begin (called init., in updt mm sys.state costs; 

RVL PREV:« RVL LE and RVL 6N65; 
RVL LE:« true; 
for LE_$0N:« 1 step 1 until LE.SQNS do 
RVL LE:« RVL LE and RVL (LE SON]; (required number, not specific elements; 
RVLJSNG5:- true; 
fur 6N:« 1 step 1 until GN65 do 
RVL fiNGS:- RVL GN65 and GRNG (RQRD 6N6 (GN)l.RVLB COMPj (gangs available; 
if not ( (RVL LE and RVL.GN65) eqv~RVL PREV) lhen"begin 

5TRTE NEXT:* if not (RVL LE and RVL GNG5 and RVLB COMP) then DOWN 
else if 5TRTE • RUN then RUN 
I; else PRS5IVE; 
5TRTE.CH.HM5; 

end; 
end xx of availability test of nan_machine system based on its elements; 

the state accordingly. AVL-LE, AVL-GNGS and AVLB-COMP discrimi­
nates for STATE-NEXT only between DOWN and not DOWN (i.e. RUN 
or PASSIVE); further discrimination with these variables is not possible; 
the same holds for SHIFT-CHNGE- (Table 4.63) and a similar case for men 
and machines (Table 4.54). The third procedure called from the class updat­
ing man-machine systems is COST-CHANGE, Table 4.66, that is called 
when men changes regular worktime into overtime or their costs; it updates 
the current costs per hour of the man-machine system. 

The subclass MAN-MACH-SET defines gangs, which are sets of men and 
machines. Table 4.67 shows the declaration of this class. The variables de­
clared concern the set-up time SETUP... (the time needed from the start of 
the gang at the farm until it is at the field ready to operate; it includes also 
the time from the field to the farm), the storage capacity STORECAP-G of 
trailers or driers, the expected capacity of processing CAPACITY with the 
gang in [ha/h], a signal FAILURE-E when a failure occurred to one of the 
machines involved and some references (their use will become clear in the 
procedures). The procedure STORE-COSTS, Table 4.68, is called in the 
initial section and derives from the first element of each category the stor­
age capacity, the costs per hour and the fixed costs per hour (for instance, 
fuel costs or contract work costs) from the machines belonging to the gang; 
men are assumed to have no costs at this moment, these costs are incorpo-

Table 4.66 Procedure COST-CHANGE of class MAN-MACH-SYS. 

procedure C05T.EHRN6E (CHN6_UNIT.LE.N01); I 
I (called in updt M I sys.state costs; 
real CHNfi UNIT; 
integer LE.N01; 
begin 

TIME C RCCUM; 
C05T5_H:« C05TS.H • CHN6JJNIT t R0RD_NM8_LE ILE.N01); 

end t t change of costs per hour due tn nan sh i f t ; 
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Table 4.67 Class MAN-MACH-SET and its declaration of variables. 

M«N HPCH.SYS class M«N_HPCH_SET, I- — — . . — .--.....................„„. 
virtual:procedure URGENCrjJPNG.; •••«••«•««., 
begin 

real X l ° "l 
SETUPTIME, Ibelungs to runtime, cu«. in hours; 
! f n » ^ r U 5 r T U P Z - N , 5ETUP-6N6' N a t i o n for first/ next ti»HS in a day/ actual fh)-
rnonrrtv" ' Istorage capacity e.g. trailers (haj; 
" P 7 C I T Y j Icapacity of processing Iha/hl, updated in operation: 
boolean ' 
FRILURE.E; Itrue if an item of equipment gets a failure: 
ref fOPRTN HOTRL) OPR MT 6; »«iur«, 
ref (5RVC.REPR) OPR 5R 6? 
ref CLflBR EOPHNT) LBEOPj 
ref (He*&) P55HBL 0; 
ref (RECORD J.E) RECJ.E; 

Table 4.68 Procedure STORE-COSTS of class MAN-MACH-SET. 

. procedure STORE.COSTS; I 
begin (called in initial} 

real STR.CST.CSF; 
for LE_5GN:« 1 step 1 until LE.S0N5 do inspect LE.5TRTEJJ [LE.SQN, DOiNJ.First 
when EQUIPMENT dn begin I labour or none inappropriate; lstate*down initially; 

5TR:« STR • STORECPP E t RQRO NMB LE (LE SQH); 
rST:« C5T • COSTS H t RQRD NM§ LE (LE SON); 
C5F:« CSF • C05T5.HJXD t RQRD.NHBJ.E [LE.SQNJ; 

end; 
I (elements are assumed tu have identical storage raparity and costs per hour; 
5T0RECRPJi:« STR; C05T5_H:» C5T; C05T5_H_FXD:« CSF; 

tnd tt storage capacity and equipment costs of a nanjiachine system; 

rated later on by COST-CHANGE (Table 4.66). START-WORK-G defines 
the next state if the gang was able to work (PASSIVE) and assembles the 
required number of elements of men and machines by calling ASSEMBLE; 
Table 4.69. This procedure assembles only passive elements from the re­
quired categories and writes an error message if not enough elements in LE-
STATE-Q [category,PASSIVE] are found. The elements start their activity 
(Table 4.55) and are queued in ASSMBL-Q. This queue is used in DISAS­
SEMBLE (called in STOP-WORK-G) that stops the activity of elements 
and clears the contents of the queue (Table 4.70). START-WORK-G and 
STOP-WORK-G are called from the operation. 

Table 4.71 shows the procedure that calculates the urgency of operating. 
URGENCY is the sum of the urgencies of processing of the materials proc­
essed and of the negative disurgencies, if used, of the materials produced, 
unless final materials. Urgencies and disurgencies are transformed from f/h 
(Table 4.44) into f/ha to add them to other costs in f/ha. The urgency is 
again transformed to [f/h] by multiplying by the rate of operation, CAP AC­
HY. The corrected urgency, URGENCY-CORR is corrected for (i) the 
costs expected from the processed materials (for instance, drying costs when 
wet grain is harvested), (ii) the actual capacity fraction of the operation (de­
pends, for instance, on the moisture content of straw) and (iii) the costs per 
hour of the gang. Drying costs of wet grain are involved in the expected 
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Table 4.69 Procedures START-WORK-G and ASSEMBLE of class MAN-MACH-SET. 
procedure 5TRRT I0RK 6; I J 
if STATE « PA55IVE then begin (called in start.oprtn.; 

ASSEMBLE; 
STATE NEXT:* RUN; 
5TATEj:H_MM5; 

end tt of start of operating with a gang; 

procedure P55EM8LEj I » 
begin lcalled in start.work.g; 

integer RQ, RQLE; 
fur LE SQN:« 1 step 1 until LE SONS do begin 

R0LE:« RQRD.NHB.LE ( L E . S G N T ; 
for RQ:* 1 step 1 until ROLE do begin 

LBEQP:- LE.STATE.Q (LE.SQN, PASSIVE].First; 
if LBEQP «« none 
then begin 

Outtext ('Error GANG.ASSEMBLE in Gang, at Time: nn equipment uf Category'); 
Out image; Outtext (NAME.COMP); Outfix (Time.6,12); Outint (LE_SQN,6); Out image; 

end 
else begin 

LBEOP.START ACTVTY; 
new RECORD LE (LBEQP).Into (A55MBL Q ) ; 
LBEQP.G.A5SEM8L:- this MAN_KAr.H.SET; 

end; 
end;" 

end; 
end tt of assemble; 

Table 4.70 Procedures STOP-WORK-G and DISASSEMBLE of class MAN-MACH-SET. 

. procedure STOP.IORK.G; I 
begin (railed in stop oprtn ; 

DISASSEMBLE; 
FAILURE.E:* false; lis already used in decision if a failure occurred; 
5TATE.NEXT:« if AVL.LE and AVL 6NGS and AVLB COMP then PASSIVE else DOtN; 
STATE CH MM5; 

*a» mm 

end It of stop of operating with a gang; 

• • • • • procedure DISASSEMBLE; I — . 
begin (called in stop work g; 

REC.LE:- ASSMBLJJ.First; 
while REC.LE «/« none do begin 

LBEQP:- REC LE.LBR EQP; 
LBEQP.STOP ACTVTY;" 
REC.LE:- REC.LE.Sue; 

end; 
AS5MBL.Q.Clear; 

end; 

costs COSTS-EXPCTD of grain processed by a combine-harvesting gang 
and later as actual costs COSTS-H-FXD of the drying gang; the first one 
helps to decide whether or not to harvest wet grain and the second one to 
decide between several drying installations (owned, cooperative or contract 
work). The urgency of a gang repairing a machine is derived from the ur­
gency of the gang to which the machine belonged at the moment the failure 
occurred. In order to have the latter urgency calculated in time, the gangs 
used for service and repair are assigned higher numbers in the array of ref­
erence variables GANG[i] than the gangs for operating on materials. 

The other subclass GANG-SET defines pure combinations, which are 
sets of gangs (at least two gangs). Pure combinations and gangs together are 
called man-machine systems and sometimes also combinations; see Table 
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Table 4.71 Procedure URGENCY-GANG- of class MAN-MACH-SET. 

« • • « • » • procedure URGENCYJ5RN6_; I 
begin kalled in decision; 

URGENCY:* URGENCYJTORR:* 0.0; 
inspect OPR MT G do begin 

for 12:7 Tstep 1 until HPTRL5 PRC50 do begin 
UR6ENCY:« URGENCY • MPT PROC [I2J.URG PROC T / HPT PROC 112J.COP PROC; UDf U h a ) ; 
URGENCY_C0RR:« URGENCY.CORR - HPT.PROC II2T.C05T5.EXPCTD; "" KOfl/hal; 

end; 
for 12:« 1 step 1 until MPTRL5 PR0C0 do 
URGENCY:. URGENCY -
( i f HPT PROD 112).HPT NO > HPTRLS PROC then 0.0 ( f ina l materials; 
else " i f HPT PROD C121 qua PROCESSED MPT.DI5URG USED 
I ; then HRT_PR0D 1121 qua PROCESSED.HPT.OISURGJJEL.T / MPT.PROD ri2).CRP_PR0C 
I ; else 0 .0 ) ; 
URGENCY:* URGENCY t CRPRCITY; KOfl/hl; 
URGENCY C0RR:« UR6ENCY C0RR t CRPRCITY; ICOfl/h); 
UR6ENCYlC0RR:« (UR6ENCY.C0RR • URGENCY) * CRP.FRPC; Uctual fraction from operation; 

end; 
if OPR 5R 6 «/« none then begin 

UR6ENCY:» if OPR 5R 6.HPCHN «« none then 0.0 
else RHRX C1.0, OPR'SR 6.HRCHN.G RS5EMBL.URGENCY); 
URGENCY_C0RR:« UR6ENCY; 

end; 
UR6ENCY_CQRR:» URGENCY_C0RR - C0ST5.H - C05T5_H_FXD; Ir.nsts of gang; 

tnd; 

Table 4.72 Class GANG-SET and its procedures START-WORK-C and STOP-WORK-C. 
MRN̂ HRCĤ SYS CIMSS 6RN6 SET; | « « « « « » « « « » « « « « I « » « « B « I « « « « « « « B « « « « « « * « I « . 
begin 

I gangs in rqrd_gngl.) ordered in sequence of operations as performed on a f i e l d ; 

( d e c l a r a t i o n ; 

procedure 5TRRT_!0RICJ"_; I ; 
if 5TRTE • PR55IVE then begin Icalled in decision; 

5TRTE NEXT:- RUN; 
STPTE.CH.HHS; 

end tt of start with combination; 

procedure 5T0P_i0RKJI_} I ; 
begin " Icalled in decision; 

STATE NEXT:« i f RVL LE and RVL 6N6S and PVLB.C0MP then PR55IVF else DOiN; 
S T R T E I C H . H M S ; 

end tt of stop with combination; 

4.1 for the references MM-S [.], GANG [.] and COMB-G [.], respectively. 
Table 4.72 shows the declarations of the class. Gangs within a combination 
are assumed to be ordered in the same sequence as operations on tf field are 
Performed, for instance, combine-harvesting, baling, gathering bales, 
Ploughing; such a fixed sequence is convenient in decision. The virtual pro­
cedures START-WORK-C- and STOP-WORK-C- change the state of a 
combination and are called from a subclass of DECISION (Table 5.12). 

Both gangs and combinations have no dynamic section; the objects exist 
after initialization as data blocks. 

4.2.3 Miscellaneous 

In this section the following are described: (i) the class updating the man-
machine systems when costs or availability of men or machines changed; (ii) 
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the sets containing man-machine systems; and (iii) a procedure creating 
combinations from the gangs instead of deriving them from the input. 

Class UPDT-MAN-MCH, Table 4.73, has arrays of Booleans to know 
which category of men or machine changed their availability due to work-
time or failure/repair, TEST-LE[.], or changed their costs, COSTS-
CHNG[.] and an array of costs changes, COSTS-INCRSE[.]. Table 4.74 
shows the procedure STATE-COSTS that updates the state and costs of 
man-machine systems. The categories of men and machines, requiring a 
test, TEST-LE[.] = true, all the man-machine systems are considered if suf­
ficient elements of that category, LE-SQN2 are still available by calling 
AVL-TEST (.), Table 4.65, that sets AVL [category]. Afterwards this va-

Table 4.73 Class UPDT-MAN-MCH and its declaration of variables. 
Process class UPDT.MRNJO; 
begin 

I d e e 

boolean array 
TEST LE M : L E 5QN5J, 
C05T5_CHN6 M:LE_5QN5)j 
reaI array 
C05T5.INCRSE MtLE.SQNS); 

| i : i i i i i : n i t i i i i i t i i i i i i ( i i t i i i t I I I I I I I I 

I ; 
Itrue if test is required; 
lime if change of costs occur for man; 
I J 

Table 4.74 Procedure STATE-COSTS of class UPDT-MAN-MCH. 
I • » w w m ~ ~ m « a « < 

(railed in dynamic; 

(update before states are changed; 
(only if test_le is set to true in shift; 

procedure STRTE_C05T5_; 
begin 

integer 
LE S0N2, HH 51; 
RDMN.DI5PLRY DRTR ; 
for LE 5QN2:« 1 step 1 until LE SQNS do 
if TEST LE CLE 5QN2] then begin 

for~MM 51:« 1 step 1 until MN MCH 5Y5TM5 do 
if MM 5 [MM 511 «/« none then MM 5 IMM 511.PVL TEST (LE 5QN2); 
TEST.LE HE^5QN2):« fa lse; 

end; 
for MM 51:« 1 step 1 until MN MCH 5Y5TM5 do 
if MM 5 (MM 51) «/« none then~MM 5 IMM 51J.RVLBLTY TEST; 
for LE 5QN2:« 1 step 1 until LE 50N5 do 
if COSTS CHN6 ILE.5QN2) then begin 

for MM 51:« 1 step 1 until MN MCH 5Y5TM5 do if MM 5 [MM 511 */* none then 
MM 5 [MM S11.C05T CHRN6E (COSTS INCRSE (LE 5GN2J.LE 50N2); 
C05T5 INCRSE (LE 5QN2):« 0.0; 
C05T5JHN6 (LE_SQN2):« false; 

end; 
end; 

Table 4.75 Dynamic section of class UPDT-MAN-MCH. 
I d y n a m i c ; 
I r e p e a t ; 
while not ENO.EXPRMNT do begin 

integer M1; 

STRTF.COSTS.; 
for M1:« 1 step 1 until MRTRL5 PROC do 
if MOTRL [MU.M.RDMN «/« none then MATRL [M1].M_flDNN.R0MN_M_STRTE..; 
I for correct administration of passive & no_gangs; 
Passivate; (activated in sh_wk, sh_prd, equipment; 

end xx of while; 
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riable is used in AVLBLTY-TEST, Table 4.65, called subsequently for each 
man-machine system. Finally the costs are changed in each system if the 
costs are changed for a category of men or machines, LE-SQN2. The dy­
namic section is shown in Table 4.75; it is repeated as long as the experi­
ment is not ended. It calls STATE-COSTS, an update of administration of 
materials (belongs to the experimental frame) and Passivate. This section is 
activated by scheduling this process when a failure occurred to a machine or 
a machine is repaired or in shifts of men (Section 4.4 Tables 4.103 and 
4.105). Table 4.76 shows the changes in the state of men, machines and 
man-machine systems and their causes; see also Section 2.2.2 'Men and ma­
chinery'. 

The sets containing man-machine systems, MM-SYSTMS-SET, Table 
4.77, only contain a queue MM-S-SET-Q. Such a set is used during decision 
to select one if any of the man-machine systems in the queue to perform op­
erations. So at most one system can be selected from each set. The use of 
sets is already described in Section 2.1.2 'Men and machinery' with the dis­
cussion of Table 2.5. 

In order to create combinations from gangs the class of combinations is 
extended by defining a subclass GANG-SET-GNRTD for those combina­
tions generated in a procedure. Table 4.78 shows the subclass with one va-

Table 4.76 Transformation of states in men, machines and man-machine systems and their 
causes. 

Current state Resulting state 

RUN PQSSIVE DOfN 

RUN 

PR55IVE 

DOWN 

decision 

decision 

man (worktime ends) 
machine (failure occurs) 
system (availability ends) 

man (worktime ends) 
machine (service needed) 
system (availability ends) 

man (worktime begins) 
machine (service or repair done) 
system (availability begins) 

Note that system means man-machine system; their availability is originated 
by men and machines. The change from RUN to DOWN also requires * decision to 
*top operations. 

Table 4.77 Class MM-SYSTMS-SET. 

COMPONENT class MM_5Y5TM5_5ET; |iiiiiiiisi:itiiiiiiii:(ii::tn:ti(ii(:iij 

la gang or combination belongs to one set; 
lin decision the sets are handled; 

(independently with respect to the needed categories of men and machines; 
begin 

ref (Head) MM_S_5ET_Q; 

HM-5_5ET_Q:- new Head; 
e nd tt nf class set of man-machine systems; 
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riable ACCEPTABLE and two procedures; INIT-INPUT- is an empty ver­
sion of the 'virtual' declared procedure to prevent the use of previous defi­
nitions in superclasses; REQUIRED-LE adds from two man-machine sys­
tems the required number of elements of men and machine and checks if 
that number is on the farm and the new generated system is acceptable. If 
so it calculates costs, assigns the required gangs and activates further initia­
lization. This procedure is called in a procedure generating combinations. 
Table 4.79 shows the generating procedure COMBS-G-GENERATION. It 

Table 4.78 Class GANG-SET-GNRTD. 
GAN6_5ET class GANG_5ET_GNRTD; |«I««B«I«««B«««««I««»«»«««»«««««««»««««««; 

begin 
boolean ACCEPTABLE* I ; 

procedure INIT_INPUT_n 

procedure REQUIREDJ.E (MM51, MMS2); I ; 
ref (MANJ1ACH_5YS) MMS1, MMS2; (called in combs_g_generation; 
begin 

ACCEPTABLE:, true; 
for LE SON:* 1 step 1 until LE SONS du begin 

RQRD NMB LE (LE SQN):> MMS1.RQRD NMB LE (LE SQN] • MM52.RQRD NMB LE (LE SON); 
ACCEPTABLE:* ACCEPTABLE and RORDJ*MB_LE (LE.5QN1 <« LE.NHB ILE.SON, TOTAL Jj 

end; 
if ACCEPTABLE then begin 

COSTS H:« MM51.C05T5 H • MMS2.COSTS H; 
C05T5 H FXD:« MMS1.C0ST5 H FXD • MM52.COSTS H FXD; 
RQRD 6N6 (11:* HM51.R0RD 6N6 (1); 
for GN:« 2 step 1 until 6NG5 du RQRDJSN6 (6N):« MMS2.RQRD_6NG (GN -1]; 
activate this 6AN6_5ET; linitial statements executed; 

end; 
end; 

end of gang set generated; 

Table 4.79 Procedure COMBS-C-GENERATION of class SFOB ASE-MODEL. 

called in experimental model if wanted; 
I 

true if gang is accepted in Inop; 
I 

set of mm_systems, generated combinations; 

procedure COMBSJiJiENERATION; 
begin 

boolean 
G.A6AIN; 
integer 
SET, 6NRTD; 
text 
U", T.C1, T_C2; 
ref (Head) I • 
GANGS.CONSDRJ), GANGS AGAIN 0, MMS CONSDR Q, C0MB5 GENRTO Q;lqueues of man-machine systems; 
ref (RECORD HH 5) R MMS, R 6; 
ref (MAN MACH 5Y5) MMS, 6 R; 
ref (GANG-SET-GNRTD) COMB? 

for SET :« 1 step 1 until MM_5_5ET5 do begin 
Outtext ('« « « Set of gangs and combinations:'); Outint (SET,6); 
Outtext (' contains:');Outimage; 
GAN65_C0N5DR_Q:- new Head; (queue nf gangs considered; 
MMS CONSDR 0:- new Head; (queue of man-machine systems considered; 
R_MM5:- MM~5_5ET (SET).MM_S_SETJ3.First; 
while R MMS «/« nnne du begin 

MMS?- R_MM5.MNJCH_SYS; 
n#w RECORD MM 5 (MMS).Into (GANGS CONSDR Q); (existing gangs in queue; 
new RECORD JtM_5 (MMS).Into (MMS.C0N5DR.0); 
Outtext ('Existing gang is: ')7 Outtext (MMS.NAME.CONP); 
Outtext (' and has number Mm_s and 6 : ' ) ; Outint (MMS.MM 5 SON,6); Out image: 
R.MNS:- R.MMS.Sue-

end; 
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Table 4.79 (continued) 

while not 6RNGS_C0N5DR_Q.Empty and not MMS_C0N5DR JJ.Empty and GNRTD < C0HB5 6*3 
do begin 

T C:- Copy C'G &Hi s' ' ) ; 
T CI:- T C.Sub (2,2)7 
T_C2:- T.C.Sub (10,3); 
GANGS RGRIN Q:- new Head; 
C0MB5~6ENRTD Q:- new Head; 
R_G:- 6RN6S_C0N5DRJ).First; 
while R_G •/• none do begin 

G PGPIN:« false; 
G.R:- R G.MN HCH SYS; Igang; 
R_HM5:- MH5.rONSDR_0.First; 
while R MM5 «/« none da begin 

MMST- R_Mrf5.HN_HCH.SY5; Iman-machine system; 
if GJ?.HM_5_5GN < GPNG (MHS.RQRD.GNG I1)).MM_5_5GN then begin 

I Innty gangs with mm_s_sqn < are considered; 
(because 2 gangs with same mm s sqn («) refer both to one operationi* 
T n.Putint (G R.MM 5 SQN); 
T C2.Putint (MMS.MM_S SQN); 
COMB:- new GPNG SET GNRTD 
(T_C,SH_PERD[0),5H_iKLYCQ),5ET,G_R.GNG5 • MM5.6NG5); 
I Inew combination generated; 
COMB.REQUIRED LE (6 R, MM5); 
if COMB.RCCEPTRBIE then begin 

G PGPIN:* true; Igang used at least once; 
GNRTD:* GNRTD • 1; 
C0M8.MM_5_5QN:« GRN6S • 6NRTD; 
Outtext CRrceptable new combination consists of: ' ) ; 
Outtext (COMB.NRME.COMP); Outtext (' and has number Mm s:'); 
Out int (C0MB.MM_S SQN,6); Outimage; 
new RECORD MM S (COMB).Into (COMBS GENRTD Q); 
if GNRTD <« COMBS 6 *3 then 
MM.5 (GPN65 • GNRTD):- C0MBJ3 (GNRTD):- COMB 
else begin 

Outtext 
(•You exceed the available number of references to " 
'combinations:'); 
Outint (COMBS JJ 13,6); Outimage; 
Outtext (' by generating new ones upto'); Outint (GNRTD.6); 
Outtext (' Reference in system is impossible.'); Outimage; 

end; 
end; 

end; 
RJfMS:- R.MMS.Sue; 

end; 
if 6.RGPIN then new REC0RD_MM_5 (6_R).Intu (6RN65_R6RIN_Q); 
R_6:- R_6.5uc; 

end; 

end; 
GRN6S CONSDR Q:- GRNGS PGPIN Q; 
MMS_C6NSDR_QT- C0MB5_6ENRTD_Q; 

end; 
end of sets; 
COMB5.6:« IMIN (COMBS J5 *3, 6NRTD); 

(queue nf gangs used at least once; 
(queue of combinations generated that; 
lean be considered for adding a gang; 

(adjust overrated range of references; 

generates combinations for each set of man-machine system seperately. The 
set contains the gangs considered; these gangs are queued in two queues; 
°ne queue contains the gangs considered GANGS-CONSDR-Q and the 
other queue contains the man-machine systems considered MMS-
CONSDR-Q for generating new combinations. Initially both queues are 
identical. A gang and a man-machine system are taken (the sequential num­
ber MM-S-SQN of the man-machine system is higher than that of the gang); 
a new combination referred by COMB is generated, REQUIRED-LE (Ta-
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ble 4.78) is called and if acceptable some information is written and the 
combination is placed in a queue of generated combinations COMBS-
GENRTD-Q and references MM-S[.] and COMB-G[.] are assigned to it. In 
REQUIRED-LE the new combination is activated which results in its incor­
poration in the set of man-machine systems (Table 5.49). A message is send 
when the number of available references (an overestimated number of three 
times those defined in input; COMBS-G*3) is exceeded by the number of 
combinations generated. If the gang was used at least once in generating a 
new combination, then it is placed in a queue of gangs that have to be con­
sidered again GANGS-AGAIN-Q otherwise it need not be considered any 
more. After considering all the gangs from the queue GANGS-CONSDR-
Q, an attempt is made again to generate combinations from the gangs in 
queue GANGS-AGAIN-Q and the combinations in COMBS-GENRTD-Q 
and so on. This is allowed by giving those queues the references GANGS-
CONSDR-Q and MMS-CONSDR-Q, respectively. Finally the number of 
combinations is adjusted. It is sufficient to generate a new combination only 
if the added gang has a lower number MM-S-SQN than those in the man-
machine system. 

Exercise: What is the reason that only gangs with a lower number MM-S-
SQN have to be considered? Can you explain why a gang not placed in 
GANGS-AGAIN-Q need no further consideration with man-machine sys­
tems from COMBS-GENRTD-Q? The reference will become MMS-
CONSDR-Q. 

It is not allowed to create a combination with one gang included twice (or 
more) because such a combination will try to use the same gang (and opera­
tion) twice and that is impossible after the state changed into RUN (Table 
4.69). The only solution is to take care of sufficient identical gangs (and op­
erations) in input with different MM-S-SQN. If gangs A, B and C are identi­
cal, it is suggested that gang A and gang BC are introduced; the latter incor­
porates gangs B and C, has twice the capacity of A and uses two times the 
number of men and machines of A. The only generated combination will be 
A&BC. 

Exercise: Can you find the four generated combinations if gangs A, B and 
C were introduced? The following 'multiple' gangs consist of four, eight, 
etc. times gang A; do you agree? 

The difference between generated combinations and combinations de­
fined in input is that in input unrealistic combinations can be prevented, for 
instance, when there are two gangs with different capacity but performing 
the same type of operation, then it is unrealistic to select a combination in­
cluding the gang with the lower capacity instead of the other combination 
involving the gang with the higher capacity; therefore the former combina­
tion is not needed. 

Exercise: Do you see the relation between the number of references and 
combinations requested from input and the reason for overestimating the 
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number of references available for generating combinations (Table 4.1) and 
adjusting it afterwards (Table 4.79)? 

4.3 Operations and decision 

The following sections describe the decision subsystem: two types of opera­
tions (one for materials and one for service and repair) and a preliminary 
design of decision are described. 

4.3.1 Operations processing material 

To describe the base model of scheduling farm operations, the theory given 
in the Sections 2.1.3 and 2.2.3 'Operations and decision' is used. Before the 
details of the program are described in the following sections the 
relationships between the procedures and the use of the procedures over 
time are considered. These relationships between procedures of an opera­
tion are essential for such a dynamic counterpart of a gang (the static part of 
physical entities such as man and machines). The scheme in Table 2.16 of 
Section 2.2.3 illustrates the changes over time for two variables. The pro-
Table 4.80 A history of an operation; state, causes and procedures. 

State variables 
STATE 

DOIN 

PASSIVE 

RUN 

of operation 
RUN.PHASE 

INACTIVE 

SETUP.iAIT 

MATJKUT 

PREPARED 

BU5Y 

60.ON.iOIT 

BUSY 

60 ON iAIT 

Procedures used due to a cause 

6ang becomes passive; Material processed 
becomes passive or processing condition o.k.; 
STATE_CHJ3P_ 
Q decision is made to start the operation) 
5TART_0PRTN_ 
Materials processed and produced are informed; 
60.AHFRD 
The setup of the operation needs time; 
Hold (.) 
Check if all materials processed are there; 
•AITJtAT.PRC 
The operation starts with work on a field; 
60_0N_ 
ihen a field is processed; 
GNT.TRRN5FER 
When another field can be processed; 
60.0N. 
ihen a storage (e.g. a drier) becomes full; 
QNT.TRANSFER 
etc. 

PASSIVE 

DOiN 

A decision is made to stop the operation; 
5T0P_QPRTN_ 

(if the operation could continue) 

(if the operation is prohibited due to 
the gang or the materials processed; 
5 TATE.CH JJPJ 

FINISH 
INACTIVE 

'blank value of variable means the value at the preceding line) 
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gram names are now used in a similar scheme as shown in Table 4.80. 
The scheme stresses the relationships; the following discussion will help to 

illustrate what may happen in time. An operation is DOWN if the appro­
priate gang is not available or the material processed is not available or 
workable or the required conditions for processing are not fulfilled. 
STATE-CH-OP- is called when one of these situations changes with the re­
sult that STATE may change to PASSIVE. A decision is now meaningful. 
As a result of a decision START-OPRTN- is called which starts the related 
gang, assembles and starts the men and machines required and activates the 
operation itself. The variable STATE now is RUN and GO-AHEAD is 
called which tells the materials processed by this operation that processing is 
expected and the materials produced that supply of material is expected. 
The variable RUN-PHASE then becomes SETUP-WAIT. After the use of 
the set-up duration by calling Hold (.) RUN-PHASE becomes MAT-
WAIT. WAIT-MAT-PRC is then called which checks if the material(s) 
processed are available (or delivered by another operation). If this is true, 
then the state variable RUN-PHASE becomes PREPARED for operating, 
but otherwise no further action takes place until WAIT-MAT-PRC results 
in the situation where waiting is no longer needed (i.e. the material proc­
essed will be delivered), for instance, the grain drying operation has to wait 
until the combine-harvesting operation has completed its set-up and wet 
grain is actually delivered although the grain drying gang itself has no set-up 
time. The operation continues by calling GO-ON-, which calculates the ac­
tual capacity for processing (rate of operation), tells the material(s) proc­
essed by the operation that processing is started and the material(s) pro­
duced that the delivery is started. It also calls procedures in the materials 
processed and produced which calculate the moments when the field is fin­
ished and the maximum quantity is achieved, respectively. The variable 
RUN-PHASE becomes BUSY. At the event moment (finish of field or 
maximum achieved the procedure QNT-TRANSFER is called which deliv­
ers the processed quantity to the materials produced and consumes the 
quantity from the material processed, for instance, at the moment a wheat 
field is finished or the drier capacity is achieved the operation is requested 
to transfer the harvested acreage, i.e. to subtract the acreage from wheat 
and to add it to straw and to wet grain. The variable RUN-PHASE becomes 
GO-ON-WAIT. The operation continues with a following field if possible. 
This sequence of GO-ON and QNT-TRANSFER is repeated until a decision 
is made to stop the operation and STOP-OPRTN- is called, which stops the 
related gang and the men and machines involved. The variable STATE be­
comes PASSIVE if the operation can be used (gang available and processed 
material(s) available and workable) and DOWN otherwise. Procedure FIN­
ISH is then called, which tells the material(s) processed that processing 
stops and the materials produced that delivery finishes. The variable RUN-
PHASE becomes INACTIVE. The above description of the story of an op-
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eration stresses the relationships between an operation and the related com­
ponents of the system such as men, machines and materials. It is however 
impossible to illustrate in one scheme each possible story (= sequence of 
procedures). The decision to stop the operation is, for instance, also possi­
ble when RUN-PHASE still equals SETUP-WAIT. The description is given 
in full detail in the following sections with the discussion of the program. In 
Chapter 6 'Verification and validation' the events are described and a tech­
nique is demonstrated which verifies the correctness of the procedures and 
of the relationships between components (men, machines, gangs, opera­
tions, materials and decision). 

So far the operation has been described as a link between a material proc­
essed and a material produced: 

Material processed — Operation - Material produced. 

There is also another relationship that needs attention; the material as a link 
between an operation producing it and an operation processing it: 

Operation producing - Material -- Operation processing. 

A combine-narvester operation, for instance, produces wet grain that is 
processed by the grain drier. The scheme in Table 4.81 illustrates the con­
nections between the producing operation A and the processing operation B 
as caused by material M over time (starting from a decision until the mo­
ment the operations are working). Operation A can work (STATE = PAS­
SIVE) but operation B has no material for processing and cannot work 
(STATE = DOWN). Because of a decision to start operation A (by calling 
its START-OPRTN-), the state changes to RUN and GO-AHEAD warns 
material M (wet grain) that is produced by A (harvesting). The state of M 
changes and accordingly the state of operation B (drying) by calling its 
STATE-CH-OP-(resulting in PASSIVE) and activating decision. Operation 
A becomes now in RUN-PHASE = SETUP-WAIT and starts the set-up du­
ration by calling Hold (.). Now the decision is made and results in the calling 
of START-OPRTN- of B and in the appropriate state (= RUN). Subse­
quently GO-AHEAD, Hold (.) and WAIT-MAT-PRC are called and RUN-
PHASE is updated to SETUP-WAIT and MAT-WAIT. The set-up duration 
of B is assumed to be smaller than that of A. Operation B is, for instance, 
the wet grain drying operation and its set-up duration is zero; it is now nec­
essary to wait until the set-up duration of the combine-harvesting operation 
A is completed, WAIT-MAT-PRC of A is called and the operation can start 
its work on the field and the wet grain M can be delivered. GO-ON- of oper­
ation A is called and via material M WAIT-MAT-PRC of operation B is 
called that now activates B; this results in calling GO-ON- of B. Both opera­
tions are now in RUN-PHASE = BUSY. When only a small quantity of 
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Table 4.81 A history of two operations producing and processing one material. 

Operation producing M 
State variables 
of operation 0 
5 TOTE RUN.PHOSE 

Commenti Procedures 
in operation 

P B 

Operation processing M 
State variables 
of operation B 
5TOTE RUN PHOSE 

P0S5IVE 

RUN 

INACTIVE 

SETUP I O N 

R decision starts 0; 
5TORTJ3PRTN. 

60.RHEQD 
The material M produced 
by R changes its state 
and that of 6; 

5T0TE.CH_0P. 

and activates decision. 

Hold ( ) 
0 decision starts B; 

ST0RTJ3PRTN. 

60 PHEPD 

DOWN INACTIVE 

P05SIVE 

RUN 

MOTJMIT 

PREPORED 

Hold ( ) 

iOIT HOT PRf 
Because material H processed 
by B is not yet available 
(due to setup of 0) B has to 
Ofter setup of 0 

•OIT MOT PRC 

wait. 

SETUP iOIT 

MOT IOIT 

BUSY 

6Q_QN_ 
Material M will be delivered, so 
again iOITJIOT.PRC 

60 ON 
PREPORED 

BUSY 

(blank value nf variable means the value at the preceding line) 

material M was available, operation B had processed M first before the set­
up of A was finished and operation A will be warned that M is required; also 
in that case WAIT-MAT-PRC of B is called after the set-up of A (Section 
4.1.3.2 'Delivery of material'). So WAIT-MAT-PRC of B is called after set­
up of A either by DLVRY-STARTD of M (Table 4.17) or by DLVRY-
CONTND of M if M was already processed by B (Table 4.18). Operation B 
could have a similar effect on operation C via material N; so a chain of con­
nected operations and materials exist. Think about combine-harvesting, 
straw baling, bale gathering and ploughing. 

Exercise: Do you think that the state of straw baling becomes PASSIVE 
when the straw is delivered by the combine-harvesting but the moisture con­
tent of the straw is still too high (straw remains unworkable)? 

The subsequent phases of an operation and the consequences on other 
operations will now be considered. These phases are in general independent 
of the phases of other operations, except in cases where operation A deliv­
ers material M and operation B processes M at the same time and either M 
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starts without any acreage available for processing or processing by opera­
tion B is faster than delivering by A. This situation results in idle time of op­
eration B due to shortage of M. Because such a combination of operations 
was accepted with capacity of A less than capacity of B in the scheduling 
system (formulated in input) and decision selected this combination as the 
most urgent one this situation must be accepted as legal; Table 4.30 shows 
procedure ADJUST-QUANT where the quantity processed, QNT-PROC-
OPR, is adjusted to the quantity available, QUANT-AVLBL, and where a 
warning message is not send if CAP-OPRS-DLV < CAP-OPRS-PRC 
(Section 4.1.3.3 'Processing of material' the description of Table 4.30, task 
iii). Further direct relationships between operations A and B are not pre­
scribed in the program of the scheduling system; the indirect relationships 
are described in the following sections where the relationship between oper­
ation and material plays a central role. 

After the above general explanation of the relationships between materi­
als due to an operation and of the relations between operations due to a 
material, a more detailed description is given in the following sections. 

A reader not interested in all the programming details can omit the Sections 
4.3.1.1-5 and continue with the service and repair operations (Section 4.3.2). 

In the following sections distinction is made between (1) a general part of 
an operation (the variables, the state), the parts concerned with (2) starting 
an operation, (3) using and (4) stopping it, and finally (5) the dynamic part 
of the 'living' component. 

4.3.1.1 State of operation 

In Table 4.82 class OPERATION is shown, which consists only of declaring 
the common attributes of the two types of operation such as 'virtual' proce­
dures, possible situation of a phase within the dynamics of operation (IN­
ACTIVE, etc.) and a reference to the counterpart, the gang. The phases 
are initialized to specific integer values. 

Table 4.83 shows the variables of class OPRTN-MATRL, an operation 
for materials; most of the variables will become clear by describing their 
function in the following sections. At most four materials can be processed 
or can be produced and are referred to as MAT-PROC [i] and MAT-PROD 
[i]. The actual number is prescribed by materials processed MATRLS-
PRCSD and materials produced MATRLS-PRDCD, where the last one is a 
subset of the materials produceable, MATRLS-PRDCBL. An example is 
an operation harvesting wheat, which processes wheat and produces straw 
and dry or wet grain. So from the three produceable materials only two are 
produced at a specific moment; it is also allowed to use one gang and one 
operation to produce dry grain and others to produce wet grain. 
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Table 4.82 Class OPERATION; virtual procedures, declaration of variables and initial sec­
tion. 
EQHPONENT class OPERATION; ^•••••••••••••••••••••••••••••••••••••••| 
virtual: procedure 5TRRT_0PRTN_, 5TOP.OPRTN_, 5TRTE_EHJ}P_,ri0..0N_; 
begin 

I d e c I a r a t i o n; 

integer I * i 
RUN PHR5E, (phase defined in dynamic section:; 
INRUIVE, SETUPJKm/HflTJWIT, PREPRREO, BUSY, GO.ON.iRIT; 
real " I J 
COSTS 6N6, STRRT TIHE; 
ref CHRN_HRCH_SET) &RN5_6; I ; 

i 

( i n i t i a l ; 

STATE:- STRTE NEXT:* DOiN; 
RUN_PHR5E:« INRCTIVE:«0; 5ETUPJMIT:«1; MRTJMIT:* 2; PREPRRED:« 3; BU5Y:«4; 50J)N_iRIT:«5; 

end It of class operation; 

Table 4.83 Class OPRTN-MATRL; declaration of variables. 
OPERATION class 0PRTN_MPTRL; l i n t i i i i i i i i i i i i i i i i u t i i i t i i i i i i f t i i t t i ; 
begin 

I d e c l a r a t i o n ; 

i 

i 

integer | . . . . . . — . . . . . . . . . . . . . 
12, HflTRlSJ»RC50, HRTRLS.PRDCD, HRTRLS.PRDCBl, CNDTN_HT_PRC; 
integer array j.......... — .......... 
H_PRC, H_PRD M:4J, (auxiliary variables, max. 4 materials; 
PRCSN6_CN0TN (1:3,1:4); (possible conditions («ax.3) of Materials processed; 
real I • 
5ETUP_0PR, (setup duration fro* gany; 
QURNT, 0URNT.PRC_0PR, (actual/ cum.quantity processed; 
QNT_DRY_PR_0, (quantity processed until previous day (inr.l.)j 
CRPCTY.RCTL, CRP.FRRC, CRP.CHN6,Icapacity Tha/h)/ -fraction/ -change of capacity; 
GNT_NQT_PROC; (due to delivering at a slower rate than capcty.actl; 
(long; real |....... .... — ....j 
LT.HRT..TRN5F, l.T.PROCJJPDT; Hast time of transfer/ update of processed quantity; 
bonIean |........................ 
HRT_PRD_RQRD; (true if material produced is required in subsequent oper.; 
boolean array |....................... ; 

PRr5N6_MTJ3K 11:4); (processing condition of materials ok; 
ref (MRTERIRL) HP; I 
ref (PROCESSED.HRT) array HRT.PROC 11:4); (max. 4 materials processed; 
ref (HRTERIRL) array HRT.PROD (1:4); (max. 4 materials produced; 

Each material processed can define processing conditions, for instance, 
wheat-harvesting conditions may be a moisture content of grain less than 
19% (dry grain), a moisture content 19-23% (wet grain); an operation can 
refer to one, two or three such conditions as acceptable for processing that 
material. A combine-harvesting operation with two men may accept, for in­
stance, the dry grain only and the same operation with one man may accept 
both dry and wet grain. Another example is that a cultivating operation and 
a ploughing operation require their own range of moisture content of the 
soil; so a number of processing conditions have to be defined for the soil and 
each operation processing it refers to at most three appropriate ranges. 

The change of the state of the operation is shown in Table 4.84. Proce­
dure STATE-CH-OP- consists of two parts, one finding the next state and 
the other changing the state; the last part is as usual. The finding of a next 
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Table 4.84 Procedure STATE-CH-OP- of class OPRTN-MATRL. 
procedure STRTE_CH_OP_; I 
I Icalled i n gang.state_chjwns, s t a te_ch j»a t ,a t t r updt m j 
begin - - - - -

if STPTE « STATE NEXT then begin 
for I2:« 1 step 1 until MPTRLS PRCSO do PRC5NG MT QIC CI2J:« 
MPT PROC (I21.H PRC CNDTN [PRf.SNG CNDTN C1, I2J] or 
MPT PROC 112).M PRC CNDTN CPRC5N6 CNDTN (2, 12]] or 
MPT_PR0C [I2].M_PRC.CNDTN (PRC5N6_CNDTN (3, I2]]j 
CNDTN_MT_PRC:« 6; luse of run « 1 < passive • 2 < down « 3t 
for 12:« 1 step 1 until MPTRLS.PRCSD do CNDTN MT PRC:« IMPX (CNDTN MT PRC, 
if MPT PROC 112).STPTE « DOiN or not PRC5N6 MT OK II2J then DOiN " " 
else MPT PROCI121.STPTE); 
STPTE NEXT:* if 6RN6 G.STPTE « DOIN or CNDTN MT PRC * DOiN 
then DOiN else GPNSji.STPTEj 

end; 
if STPTE <> STPTE NEXT then begin 

5TPTEJ»REV:« STPTEj 
TIME C QCCUMj Ir.nsts from gang, costs h are 0.0; 
if 'STPTE > RUN Istop needed; or STPTE « DOiN Icunsider start? 
then activate DECIDE at Time; Idue tn change nf material or gang; 
5TRTE:« STRTE.NEXT; 

end; 
end tt of change of state of operation; 

state is necessary for it is not prescribed before calling this procedure. Two 
other states are considered: the state of the gang and the state of the materi­
als processed along with their processing conditions. If the state of the gang, 
GANG-G.STATE equals DOWN or the state of the materials processed or 
the processing conditions do not fit, CNDTN-MT-PRC is DOWN then 
STATE-NEXT becomes DOWN; otherwise the materials can be processed 
and the next state is that of the gang. All the materials processed are 
checked to show that all relevant processing conditions, M-PRC-
CNDTNf.,.] are in order and the condition PRCSNG-MT-OK[.] is set 
accordingly. The state of the material processed and PRCSNG-MT-OK 
both influence CNDTN-MT-PRC by taking the maximum of STATE or 
DOWN. Use is made here of the fact that STATE is assigned with variables 
initialized to integer values: RUN (= 1) or PASSIVE (= 2) or DOWN (= 
3). This procedure STATE-CH-OP- is called when the state or conditions of 
a processed material are changed (Table 4.14 and 4.45) or when the state 
changed in the related gang (Table 4.64); the latter change can be caused by 
the start of worktime of men. The resulting changes in STATE are shown in 
the scheme of Table 4.85 with the causes (also Table 2.15 in Section 2.2.3 

Table 4.85 The transformation of states of operations due to events. 

Resulting STPTE of an operation 
Current -
STPTE RUN PR55IVE DOiN 

RUN decision gang, Material 

PR55IVE decision g*ng, material 

DOIN (not allowed) gang, material 
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'Operations and decision'). 
Another state variable of an operation is RUN-PHASE, which is changed 

in the dynamic part and can be: 
- INACTIVE, before start and after stop of operation, 
- SETUP-WAIT, MAT-WAIT, just before and after set-up, 
- PREPARED, everything in order to continue with processing, 
- BUSY while processing, 
- GO-ON-WAIT, just after transfer of quantity. 
This state variable is necessary during several procedures in the following 
sections to check if the procedure can be executed properly. 

4.3.1.2 Set-up of operation 

In this section three procedures are described which are related to the set­
up of an operation from the beginning until it begins with processing. Set-up 
is for example to gather the machines, to refuel tractors and to go to the 
field (it here also includes the teardown of an operation after the work is 
done). 

Table 4.86 shows procedure START-OPRTN-. The start of an operation 
is requested by decision and is only possible if the operation is in STATE = 
PASSIVE and RUN-PHASE = INACTIVE. It starts the work of a gang 
GANG-G.START-WORK-G (Table 4.69; that calls to change the state of 
the operation Table 4.84) and activates its own dynamic part. In between 
some properties of the materials processed such as capacity ratio and timeli­
ness value are updated only to be in time for some output requested just af­
ter deciding. The dynamic part (Table 4.93) of operation calls GO-
AHEAD, Table 4.86, that assigns appropriate values to the set-up duration, 
SETUP-OPR, the current costs of the gang, COSTS-GNG, the quantity 

Table 4.86 Procedures START-OPRTN- and GO-AHEAD of class OPRTN-MATRL. 
procedure 5TBRT_QPRTN_; f-« - ---- — - ; 
if STATE « PASSIVE and RUN_PHPSE « INACTIVE then begin kelled in decision; 

6AN6 G.START fORIC 6; lealIs alto state ch np ; 
fur I2:« 1 step 1 until MATRLS PRf.SD do inspect HOT PROC (12) dn 
if not PROCESSING then begin 

RTTR_FLD_M_; lupdates cap_ratio; 
RTTR~INTfi_F_J lupdates tul'value; 

9t\tii (update before decision report; 
activate this OPRTN_MATRL at Tine; 

end; 
procedure 60_BHEQ0; |---- .---- ---- ---- ----• 
begin (called in dyneaic; 

SETUP 0PR:« GANG 6.SETUP GNG; 
COS T5~&M6:» 6RNS~6.COS T5~MfiOE; 
Q U O N T T * 0.0; 
START TIME:- Ti«e; 
for I2:« 1 step 1 until MATRLS PRCSD da mi PROC (I2).PRC5NG EXPCT; 
fnr I2:« 1 step 1 until H«TR15>RDCD do NOT>R0D I I 2 1 . 5 U P P L Y I E X P C T ; 

end Zt of go.ahead with setup of operation; 
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Table 4.87 Procedure WAIT-MAT-PRC of class OPRTN-MATRL. 
procedure MIT HQT PRC; I 
bt9in Icallad in dynamic, «at.dlvry startd, .dlvry contnd; 

boolean NO WIT NDD; ' 
if RUN PHRSE « MPT IflIT or RUN PHRSE * 60 ON 1RIT then begin 

N0~tRIT_NDD:« true; 
for 12:1 1 step 1 until MRTRL5 PRC5D do inspect MOT PROC (12) do begin 

N0JWIT_NDD:» NOJMIT.NDD and CQURNTJWLBL > 1.0&-4 or DELIVERING); 
end; 
if NO IPIT NDO then reactivate this OPRTN MRTRl at Tine 
else Cancel (this OPRTNJWTRL); 

end; 
end; 

processed, QUANT, and the time at start, START-TIME. Furtheron it 
calls PRCSNG-EXPCT to let the materials processed know that processing 
is expected (Table 4.26) and SUPPLY-EXPCT to let the materials pro­
duced know that supply can be expected (Table 4.17). The latter may result 
in starting processing of this delivered material at the same moment. At the 
same moment STATE becomes RUN for the operation, the gang, the men 
and machines involved and the material processed! 

The third procedure, WAIT-MAT-PRC, is shown in Table 4.87. It is 
called in dynamic after set-up is passed and now checks if there is any quan­
tity available for processing or delivery occurs for the materials processed. 
If no waiting is needed, NO-WAIT-NDD = true, dynamic is reactivated, 
otherwise the process is cancelled from the event list and remains waiting 
until this procedure is called to check again. Such a call occurs from 
DLVRY-STARTD or DLVRY- CONTND in material (Tables 4.17 and 
4.18; Section 4.1.3.2 'Delivery of material'). 

Exercise: Can you remember the different situations of these two proce­
dures? In the first case the operation has just finished set-up (RUN-PHASE 
= MAT-WAIT; waiting for material) and in the second case the operation 
is in phase GO-ON-WAIT because it processed all the available material 
before delivery occurred. Can you remember examples of both, cases (Sec­
tion 4.1.3.2)? 

4.3.1.3 Actual use of operation 

This section consists of two main parts: the first one handles the regular pro­
cedures and the second part the procedures needed when intermediate 
changes occur. 

The first main part contains two procedures, one called when the process 
starts, GO-ON- and the other when some quantity has to be transferred, 
ONT-TRANSFER. These two are repeatedly called in dynamic. GO-ON- is 
shown in Table 4.88 and shows three if-statements mainly based on the 
phase of dynamic (Section 4.3.1.5 'Dynamic aspects of operation'). If RUN-
PHASE = PREPARED the set-up duration is just passed. The first if-
statement updates a capacity fraction, CAP-FRAC, as a multiplication (an 
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Table 4.88 Procedure GO-ON- of class OPRTN-MATRL. 
procedure 60_0N_; |--._ .... — . .... ..... 
begin (railed in dynamic; 

if RUN PHR5E * PREPRRED then begin 
CRP_FRRC:« 1.0; 
for I2:« 1 step 1 until MRTRL5J>RC5D do HOP FRRC:« HRT PROC 112).CRP RRTIO t CRP FRRC; 
rRPCTY_RCTL:« GRNGJi.CRPRCITY * ERP.FRRC; " " 
for I2:« 1 step 1 until MRTRlS_PRr5D do M1JPR0C fI2).START PRC5NB (this OPRTN MRTRL); 
for I2:« 1 step 1 until MRTRL5_PRDC0 do MRT.PROD (I2J.0LVRY_5TRRTD(this 0PRTN~MRTRU; 

end; 
if HRTJ»Rn_RQR0 then 
for I2~« 1 stnp 1 until MRTRL5 PRDCD do HRT PROD (I21.Dl.VRY CONTNDj 
MRT.PRD RQRD:« falser 
if RUN_PHRSE » PREPRRED or RUN PHR5E « BO ON 1RIT then begin 

LT_PROr._UPDT:« LTJ1RT TRN5F:« Time; QURNT:« 0.0; 
for 12:* 1 step 1 until MRTRL5 PRHSD do MRT PROC [123.50 UNTIL HP; 
for I2:« 1 step 1 until MRTRLS.PRDCD do MRT_PR0D(I2).RCEEPT.UNTIL; 

end; 
end ** of go_on with processing; 

assumption!) of all the capacity ratios, CAP-RATIO, of the materials proc­
essed; such a CAP-RATIO may depend on moisture content or other prop­
erties of material or even fields (shape, location etc.) of material. Furtheron 
it calls in the materials processed START-PRCSNG (Table 4.27) and in the 
materials produced DLVRY-STARTD (Table 4.17). The second if-
statement is used when this operation is warned that the material produced 
is required for further processing, Table 4.35; MAT-PRD-RQRD is true 
and DLVRY-CONTND (Table 4.18) of the materials produced is called to 
activate an operation waiting for processing the material. The third if-
statement updates the latest times of processing and material transfer to the 
current time, makes the quantity processed zero and calls procedures in 
materials processed to update the event time the field is consumed (Table 
4.29) and in materials produced to update the event time a maximum is 
achieved (Table 4.19). 

Procedure QNT-TRANSFER is shown in Table 4.89 and is executed only 
if the operation is in phase BUSY and the latest time not at the current mo­
ment i.e. the transfer is not yet done at Time. The first task is to check in 
the materials processed if enough quantity is available by calling ADJUST-
QUANT (Table 4.30) that adjusts the quantity processed by one or more 
operations, QNT-PROC-OPR, to the quantity of the material, QUANT-
AVLBL, and to that of the quantity, QUANTITY, at a field. If that quan­
tity, QNT-PROC-OPR, processed by several operations, is less than the 
quantity processed by this operation, QUANT, then delivering was slower 
than processing and the excess quantity could not actually be processed (al­
though time and capacity were there) and is cumulated in a quantity not 
processed, QNT-NOT-PROC. No warning is sent to the terminal for this sit­
uation can be desired with the given men and machinery. The total amount 
processed by this operation is accumulated in QUANT-PRC-OPR. The next 
task is to perform delivery of materials produced, DELIVERY-M- (Table 
4.21), that can still use the attributes of the field consumed and to perform 
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Table 4.89 Procedure QNT-TRANSFER of class OPRTN-MATRL. 
procedure GNT_TRPN5FER; I 
if RUN_PH05E « BUSY and LT M0T.TRN5F < Tine then begin (called in dynamic-

LT MOT TRN5F:« Tine? 
CRPJJNT_CHN6 (1.0); lupdates quant; 
if QURNT > 1.0&-4 then begin (prevents too snail fields; 

fur 12:* 1 step 1 until MATRLS PRC50 do begin 
HP:- HOT PROC 1121; 
MP.RDJU5T QURNT; Isuffirient quantity?; 
if MP.ONT PROCJJPR < QURNT • 24.0&-3 then (lower or little higher; 
ONT NOT PR0C:« GNT.NOT PROC • (QURNT - HP.QNT PROC OPR); 
if QNT_TFF_FLD «/• none and MP.GNT.PROCJJPR <~QURNT - 24.Q&-3 Imuch lower; 
then inspect QNT_TRF_FLD du begin 

Out image; 
Outtext (••arniny DPR_MRT.QNT_TRRNSFER: Some quantity cannot be processed'); 
Out image; Outtext ('in Operation, at lime, Amount processed,'); 
Outtext ('Rmount in mat., Cum. amount not processed'); Out image; 
Outtext (NRME COMP); Outfix (Time,6,12); Outfix (QURNT.6,12); 
Outfix (HP.QNT.PR0C.0PR.6,12){Outfix (QNT.N0T.PR0C.6,12); Out image; 

end; 
if HP.QNT.PRQC.OPR < QURNT • 24.0&-3 then (lower or little higher; 
QURNT:• MP.QNT_PR0C_0PR; ladjusts quant to qnt_proc_opr; 

end; 
QURNT_PRCJJPR:« QURNT_PRCJ3PR • QURNT; 
inspect ONT TRF FLO do begin 

Setpos(T); QutfixCTime.3,10); 
end; 
for I2:« 1 step 1 until MRTRL5 PRDCD du MRT PROD 112).DELIVERY M (this OPRTN MRTRL); 
for I2:« 1 step 1 until MRTRL5 PRC5D do MRT.PROC 112).C0N5UHPTN M (this OPRTN~MRTRL); 
if QNT TRF FLD «/« none then QNT TRF JXD.Out image; 
QURNT:* 0.0; 

end; 
end tt of mat_transfer of processed quantity; . 

consumption of materials processed, CONSUMPTN-M (Table 4.31). This 
task is surrounded by output on a printfile referred to by QNT-TRF-FLD 
(may be none). The quantity is transferred and QUANT becomes zero. 

Table 4.90 shows two procedures UPDAT-QNT and CONTINUE; both 
activate this operation at the current time when a material requests to proc­
ess or to deliver a material (Table 4.34). UPDAT-QNT activates the dy­
namic part of the operation only if the phase is BUSY and CONTINUE only 
if the phase is GO-ON-WAIT. The activation in UPDAT-QNT is 'at Time 
prior', that means it is scheduled before the current object (a material); so it 
acts immediately with the result that QNT-TRANSFER is called, the phase 
updated to GO-ON-WAIT and the operation is passivated by calling Passi-
vate (Table 4.93 in Section 4.3.1.5 'Dynamic aspects of operation'). Now 
the interrupted execution of statements in material is continued. CON-

• 

Table 4.90 Procedures UPDAT-QNT and CONTINUE of class OPRTN-MATRL. 

procedure UPDRTJ3NT; I ; 
I lealled in mat.processjiat,.deliverjnat; 
if RUNJ»HR5E * BUSY then activate this OPRTN.MATRL at Time prior; 
' Icnntinues with qnt_transfer; 

procedure CONTINUE; I ; 
I Icalled in mat.prncessjuat,.deliver_mat; 
if RUNJ»HRSE « 60_0N_iAIT then activate this 0PRTN.MRTRL at Time; 
I " (continues with go_on; 
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TINUE schedules 'at Time', that means at the current moment but after all 
objects scheduled at this moment, so material can execute its own 
statements until it is canceled or reactivated (Table 4.33 in Section 4.1.3.4 
'Dynamics'). These activations could be placed directly in the calling proce­
dures of material, but it is preferred to have the activation and deactivation 
within the class itself if possible. 

The second main part in the use of operations concerns some interme­
diate changes of capacity or even a change of materials produced. Table 
4.91 shows procedure CAP-QNT-CHNG, that is executed only if not yet 
updated (LT-PROC-UPDT) or the capacity fraction, FRAC, is not equal to 
one. The quantity processed, QUANT, is updated with the actual capacity, 
CAPCTY-ACTL times a duration, if the phase is BUSY. If the capacity 
changes due to properties of material and field, then it calls in the materials 
processed and delivered CAP-CHNG-PRCSNG (Table 4.28) and CAP-
CHNG-DLV (Table 4.20) respectively where the quantity is integrated, the 
capacity of processing and delivery changes and new event times for fin­
ishing a field and achieving a maximum quantity are derived. The following 
procedure MAT-PROD-CHNG, Table 4.91, changes the materials pro-
Table 4.91 Procedures CAP-QNT-CHNG and MAT-PROD-CHNG of class OPRTN-
MATRL. 
procedure CRPJ3NT_CHN6 (FRRC); I ; 
real FRRC; (called in n.qnt intgr • , ( . a t t r f id m ) , this qnt transfer; 
i f (LT PROC UPDT < TUe or FRRC <> 1.0) then begin 

if"RUN_PHR5E * BUSY then OURNT:* OURNT • CRPCTYJICTL t (Ti»e - LT_PR0CJJPDT) t 24.0} 
LM»R0CJJPDT:« T w ; Icapcty.actl « 0.0 i f state (> run? 
if~FRRC~<> 1.0 then begin 

CRP CHN6:« CRPCTY RCTL t (FRRC - 1.0); 
CRPCTY RCTL:* CRPCTY RCTL t FRRf-; 
CRP.FRRC:* CRP.FRRC i FRRC; 
if RUN PHR5E «"BUSY or RUN PHR5E « 60 ON IRIT then 
for I2~« 1 step 1 until MRTRLS PRC5D do~MRT_PR0C(12 J.CRP_CMN6J»RCSN6(this 0PRTN.MRTRL); 
if RUN PHR5E « BUSY or RUN PHR5E « 60 ON ifllT then 
for 127* 1 step 1 unt i l MRTRLS_PRDC0 da~rtRT_PR0D[I2J .CRPJ!HN6J)LV ( this OPRTNJiRTRL); 

end; 
end; 

procedure HRT_PR0D_CHN6 (HD_PRV, MDJJQI); I ; 
integer M0_PRV, MDJIOt; ~ " I ca lUd in atatrl .attr_updt j « _ ; 
begin 

integer M0 P05; 
for I2:« Tstep 1 until MRTRLS PRDCD do 
if MRT_PR0D (I2J « MRTRL [M0_PRVJ then Mn_P0S:« 12; 
if MD P0S (> 0 then begin 1*0 means md prv was not producible; 

MRT PROD (NO P05J:- MRTRL TMD N O D ; 
if 5TRTE * RUN then begin 

MRTRL TM0 PRV]. DLVRY STOP (this OPRTN MRTRL);(process »at called in attr updt m ; 
MRTRL (MDlNOiJ.SUPPLYJXPCT; 
I (ltd nuw can become passive and decide will be infnrned; 
if RUN PHR5E >* BUSY 
then MRTRL IM0 NOi).DLVRY_5TRRTD (this 0PRTN_MRTRL); 
if MRTRL [MD_NOi).DLVR_RLL10 then begin 

DECIDE.MRT_MRX_QNT:« true; Inperation has to stop; 
activate DECIDE at Tine; 

end; 
end; 

end; 
end; 
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duced. For example a combine harvesting operation processes wheat and 
produces straw and dry or wet grain. At the moment the moisture content in 
the wet range becomes in the dry range, the grain produced must no longer 
be transferred to the wet grain storage but to the dry grain storage. Wet 
grain is indexed as MD-PRV, the previous material delivered and dry grain, 
the material to be delivered from now on is MD-NOW. In array MAT-
PROD [ ] there are references to the materials produceable, where the 
materials produced at a moment are those from 1 to MATRLS-PRDCD. So 
first the position MD-POS is found (not found assumes MD-NOW already 
in appropriate position). The main result is that MAT-PROD [MD-POS] 
refers to MATRL [MD-NOW], and if the operation is used it calls DLVRY-
STOP to tell wet grain that delivery stops and secondly starts delivery of dry 
grain by calling SUPPLY-EXPCT and if set-up is passed also DLVRY-
STARTD. If delivery is not allowed (due to maximum storage in use) then 
DECIDE receives a signal, MAT-MAX-QNT:= true, and is reactivated be­
cause the operation cannot continue. 

4.3.1.4 Stopping of operation 

There are two procedures to stop an operation in use. The first procedure, 
STOP-OPRTN-, Table 4.92, stops the work of a gang, that disables the men 
and machines, changes the state of the gang and of the operation (from 
RUN into PASSIVE or DOWN, Table 4.70) and reactivates its own dy­
namic part immediately. Reactivate means schedule again even if in set-up 
(it is interrupted) and 'at Time prior' means that QNT-TRANSFER trans­
fers quantities immediately. The second procedure, TERMNT, Table 4.92, 
calculates the next set-up duration of the gang as the duration known for a 
second or following time this day or as the remaining duration if set-up was 
not completed. The set-up duration is cumulated in SETUPTIME of the 
gang, the costs of a gang are updated before they are used to accumulate 
the costs of the operation in COSTS-MADE. The materials processed and 

Table 4.92 Procedures STOP-OPRTN- and TERMNT of class OPRTN-MATRL. 
procedure 5TQPJ)PRTN_j " I ; 
begin kalled in decision; 

6RN6_6.ST0P_i0RICJi; Icalls also state_ch_op_; 
reactivate this 0PRTN_MRTRL at Tim* prior; leven if in setup; 

end; 

Procedure TERMNT; 1 • 
if RUN_PHRSE <> INACTIVE then begin leal led in dynamic; 

6RN6_6.SETUP 6N6:« if 5TRRT TIME • SETUP_0PR / 24.0 < Time • 1.04-4 then 6RN6 Ji.5ETUP2JJ 
else~SETUP OPR - 24.0 t (TUe - 5TRRT TIME);Irenaining setup time; 
6RN6Jj.SETUPTIME:* 6RN6 6.SETUPTIME TRMIN (SETUP JJPR, 24.0 * (Time - 5TRRT_TIME)); 
6RN6~6.TIME C RCCUM; " I to update costs; 
C05T5 MRDE:« COSTS MADE • (6RN6 6.r.05T5 MRDE - HOSTS 6N6); 
for I2:« 1 stfp 1 Cntil MRTRLS PRCSD du MRT PR0C [I2J.ST0P PRCSN6 (this 0PRTN MRTRL); 
fur I2:« 1 step 1 until MRTRL5>RDCD do MRTJ»R0D (121 .DLVRY.STOPdhis QPRTNJfflTRU; 
CRPCTY_RCTl:« 0.0; 

end tt of terminate operation; 
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produced have to stop processing (STOP-PRCSNG, Table 4.32) and to stop 
delivery (DLVRY-STOP, Table 4.22), respectively. The actual capacity, 
CAPCTY-ACTL is made zero. No duration is incorporated for teardown 
i.e. driving from the field to the barn and putting the machines away; here 
this duration is already contained in the set-up for reasons of simplicity. 

4.3.1.5 Dynamic aspects of operation 

The dynamic part of the operation is shown in Table 4.93. This part can be 
executed time after time until end of experiment, END-EXPRMNT, be­
comes true. If STATE equals RUN as a result of START-OPRTN- then 
GO-AHEAD (Table 4.86) is called, the RUN-PHASE is set to SETUP-
WAIT and the execution of statements is interrupted and will continue later 
on; it is rescheduled by Hold() to represent the set-up of the operation. Af­
ter the set-up RUN-PHASE is updated to MAT-WAIT. If set-up was not in­
terrupted by stopping the operation then STATE still is RUN and WAIT-
MAT-PRC is called to show whether the operation has to wait for delivery 
of materials needed to start with processing; if it has to wait it is canceled 
(Table 4.87) otherwise it continues its execution of the dynamic section and 
the phase becomes PREPARED. Continuation results in calling GO-ON-
(Table 4.88), updating the phase to BUSY and calling Passivate that inter­
rupts the excecution of dynamic for an unknown duration until activated in 
UPDAT-QNT (Table 4.90) that is called by an event in one of the materials 
processed or produced. Such an activation at Time prior results immediately 
in calling QNT-TRANSFER (Table 4.89), an updating of the phase to GO­
ON-WAIT and calling Passivate if the state still is RUN. This interrupts the 
execution until activated in CONTINUE (Table 4.90) that may be called 
from material (if such a call is not appropriate then DECIDE is warned by 

Table 4.93 Dynamic section of class OPRTN-M ATRL. 
* 

I d y n a m i c ; 
I s t a r t ; 
while nnt END EXPRMNT do begin 

i f STRTE « RUN then begin 
60 RHERD* 
RUN PHRSE:« SETUP W I T ; 
Hold (SETUP OPR /~24.0); 
RUN.PHRSE:- MRT.fRIT; 

end; 
if STRTE * RUN then WRIT_MRT_PRC; Icancel/ activate depending on no wait ndd; 
if STRTE * RUN then RUN_PHRSE:> PREPARED; lsetup completed, all Materials available; 
I r e p e a t p r o c e s s i n g ; 
while STRTE * RUN do begin 

BO ON ; RUN PHASE:" BUSY; Passivate; lactv. by updat qnt; 
ONT.TRRNSFER; RUN_PHRSE:« 60.0N.iRIT; 
if STRTE * RUN then Passivate; lactv. by continue; 

end of while processing; 
if STRTE (> RUN then TERMNT; 
RUN.PHRSEf INACTIVE; 
while STRTE <> RUN do Passivate; lactv. by start.nprtn; 

end xx of while nut end.of.experiment at start; 
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DELIVER-MAT (Table 4.34) or this operation waits until delivery (PROC­
ESS-MAT, Table 4.34) with a signal, MAT-PRD-RQRD). If the state is not 
RUN due to STOP-OPRTN- then TERMNT (Table 4.92)is called, the 
phase is updated to INACTIVE and Passivate is called (repeatedly if acti­
vated wrongly outside START-OPRTN-). This interrupts the execution un­
til activated again by START-OPRTN-. 

The verification of this part of the program is described in Chapter 6 'Ver­
ification and validation' and especially Section 6.1.4 'Events related to oper­
ations'. This section completes the description of operations processing 
materials. 

4.3.2 Operations for service and repair 

The structure of this class is to some extent comparable to that of operations 
processing materials. The content of the procedures is however different, so 
it must be described completely. Table 4.94 contains the declaration of va­
riables. The reference variable MACHN refers to a piece of equipment 
which will be serviced or repaired in this operation. 

STATE-CH-OP-, Table 4.95, first derives a next state of the operation, 
STATE-NEXT, that becomes the state of the gang (its counterpart) if the 

Table 4.94 Class SRVC-REPR; declaration of variables. 
OPERATION class 5RVC_REPR; |«««««««««»»««««s«««««t«««««*«««««t«**x««. 
btgin 

I d e c I * r » * i ° "I 

ref (EQUIPMENT) ' - '» 
HRCHN} Irefers'to machine for repair or service; 
rtf (Head) 1 S 
MCHN 5 R Q; Iqneue of machines with a failure; 
real" " LT_TRAN5, TJJ5ED; I J 

Table 4.95 Procedure STATE-CH-OP- of class SRVC-REPR. 
procedure 5TATE_CH_QP_; I J 
bi»gin li.alled in gang.state_chjwns, transfer, iwchl J .dyn., .service_need; 

i f STATE « STATE J€XT then begin 
i f MACHN «/« none then begin 

i f not (MACHN.RPR_ND or MACHN.SRVC_N0) then MACHN:- none; 
end; 
white MACHN «« none and MCHN 5 R Q.First «/« none du beyin 

MACHN:- MCHN 5 R Q.First~nJ*~RECORDJ-E.LBR_EOP W* EQUIPMENT; 
MCHN 5 R Q.FirstTOut; 
i f not"(MOrHN.RPR_ND or MACHN.5RVC.ND) then MPCHN:- none; 

end; 
STATE NFXT:« i f MACHN «« none then DOtN 
else " i f MACHN.STATE * D01N and (MACHN.RPR_ND or MACHN.SRVCJID) 
I ; then 6AN6_6.STATE 
1; else OOfN; 

end; 
i f 5TATE <> STATE NEXT then begin 

STATE PREV:« STATE; 
TIME C ACCUM; 
5TATE:« STATEJ€XT; 

end; 
«nd tt of change of state of service and repair operation; 
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machine is in need of service or repair, otherwise it becomes DOWN. Pre­
viously the reference MACHN is updated to the first one in the queue in 
need of service or repair MCHN-S-R-Q. The change of state is as usual. The 
start of the operation by START-OPRTN-, shown in Table 4.96, is called 
from decision and executed if the state is PASSIVE. It starts the gang (that 
updates the state of the operation to RUN) and activates the dynamic part. 
GO-ON- is shown in Table 4.97 and called from dynamic; it only sets the 
start time and the current costs of the gang. Procedure TRANSFER is 
shown in Table 4.98; it is called from dynamic when the repair or service is 
done. It calculates the time used T-USED and the cumulative costs and it 
calls in MACHN the procedure SRVC-RPR-DON (Table 4.60) if there was 
a need for repair (or service) and the time used is almost the duration re­
quired (less than 0.144 min difference or 0.0001 day). The reference to 
MACHN is updated by calling STATE-CH-OP-. Table 4.99 shows STOP-
OPRTN-, the procedure is called from decision to stop the operation; it 
stops the gang and activates the dynamic part immediately. 

Table 4.96 Procedure START-OPRTN- of class SRVC-REPR. 
procedure 5TRRT_0PRTN_; I 
if STRTE « PASSIVE and RUN_PHR5E « INRCTIVE then begin (called in derision; 

GPN6 fi.STRRT 1QRK 6; 
activate this 5RVC.REPR at Ti»e; 

end; 

Table 4.97 Procedure GO-ON- of class SRVC-REPR. 
m m m m • procedure BO ON ; I ---

if RUN PHRSE~« PREPARED or RUN_PHR5E » 50_0N_IRIT then begin Icalled in dyn.j 
STRRT TIHE:« Ti«e; 
C05TSJiN6:« &RM8_6.C05T5_MRDE; 

end; 

Table 4.98 Procedure TRANSFER of class SRVC-REPR. 
procedure TRANSFER; I — - — - ---- • 
if RUN_PHRSE « BU5Y then begin Icalled in dyn.; 

GRNG 6.TIME C RCCUM; (updates costs nf gang; 
T U5ED:« T USED • 24.0 t (Tine - STRRT TIHE);lin lh); 
COSTS M R D E T « E05T5 MRDE • (6RN6 6.COSTS MADE - COSTS &N6); 
inspect HRCHN do if RPR_ND and RPRJ3UR 7 TJJ5ED • 24.0S-4 
or SRVCJID and SRVC.DUR < TJJ5ED • 24.04-4 then begin 

5RVC RPR_DQN; I transfers state of Machine; 
TJJSED:«~0.0; 

end; 
RDMN.DI5PLRYJJRTR.; 
STRTE_CH_0P_; lupdates mar.hn and the state if no machines; 

end; 

Table 4.99 Procedure STOP-OPRTN- of class SRVC-REPR. 
procedure 5TQP_0PRTN_; I 
begin Icalled in decision to interrupt; 

6RM6_6.5T0P_iQRIC_6; 
reartivate this 5RVC_REPR at Tj«e prior; 

end; 
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Table 4.100 Dynamic section of class SRVC-REPR. 

' d y n a m i r; 
I r e p e a t ; 
while not END EXPRMNT do begin 

while STATE * RUN do begin 
RUN PHASE:« PREPARED? 
60 ON j 
RUN.PHASF.:* BUSY; 
reactivate this SRVC REPR at lean be interrupted by stop oprtn ; 
Tine • ( - T USED • " " 
(if MACHN.RPR NO then MACHN.RPR DUR 
else' if MACHN.SRVC ND then MACHN.SRVC OUR 
I; else 0.0) " ) / 24.0; 
TRANSFER; 
RUN_PHASE: * GO J)N_IAIT ; 

end; 
RUN_PHA5E:« INACTIVE; 
while STATE <) RUN do Passivate; Inctivated in start_oprtn_; 

end xx of while; 

Table 4.100 shows the dynamic part that updates RUN-PHASE and starts 
with GO-ON- after its activation by START-OPRTN-. It schedules itself 
according to the durations of repair or service of the machine and continues 
at that moment with calling TRANSFER. If another machine waited for re­
pair or service it goes on with GO-ON-, etc.; if no machine requires repair 
or service then the RUN-PHASE becomes INACTIVE and the dynamic 
part calls Passivate. After scheduling this operation for the repair or service 
duration of the machine it can also be interrupted by calling STOP-OPRTN-
due to a decision (for instance, a pause); in that case TRANSFER calculates 
the time used already, T-USED, MACHN remains in need of repair or 
service and Passivate is called; the operation waits for the activation from 
START-OPRTN-. 

4.3.3 Decision 

Class DECISION is itself a process and declares only some variables at the 
level of the base model, Table 4.101. Most variables are used to send a sig­
nal to this class when it has to be activated from shifts, machines or materi­
als for some reason; see the description in those classes for their meaning. 

This class is extended in the experimental frame in Chapter 5, because 
decision strategies do not belong to the system but to the 'environment'. 

Table 4.101 Class DECISION; virtual procedure and declaration of variables. 
Process class DECISION* |«»*««*«««*«««*«««««»««««««««««««««««««»«; 
virtual: procedure U R 6 J J A N 6 5 _ ; 
begin 

I d e c I a »• * * » ° "J 

boolean |..-.--.----.-----------• 
SHIFT CH, MACHN FLR, MACHN OK, 
MATJtAXJJNT, MATJJLVJMC, MAT.PASS, HAT_D0iN, PRC.CND, END.FLD5, DLVRY_SliR; 

*nd; 
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4.4 Miscellaneous 

In this section some additional helpful classes and procedures are described. 
The procedures concern the transformation of dates to day numbers or the 
reverse and of moments derived from the system variable Time'. The 
classes concern the controlling of the moments something has to happen to 
some components, for instance, the moments when worktime of men starts 
or ends. They are called 'shifts'. There is a shift defining periods in a year; 
another defines the worktime within a week and the third one defines the 
moments of calculation the urgency of materials. All this is concentrated in 
'shifts' for convenience only; it could be formulated within each component 
but it is more efficient to use a shift with a queue containing the components 
behaving in the same way. Because several objects of such shifts can be cre­
ated, man a-d can be queued in object A and man e-k in object B with a dif­
ferent behaviour. 

4.4.1 Shifts of periods in a year 

Table 4.102 shows the declaration of SHIFT-PERD as a Process; it has pa­
rameter PERDS as the number of periods within a year. The end of a period 
is defined as a day number relative to January 1. The end of period n is the 
beginning of period n-f 1. Period 1 begins at Jan. 1 and ends at PERD-
END[1]; period PERDS ends at PERD-END[PERDS] and the rest of the 
year is period PERDS+1. A period i is defined 'available' or not by AVLB-
PERD[i] that means that each component in queue COMP-Q is available or 
not, respectively, during period i. The dynamic section is shown in Table 
4.103; each component in the queue calls its own SHIFT-CHNGE- (Table 
4.3, 4.39, 4.54 and 4.63) and activates a weekly shift if needed. When the 

Table 4.102 Class SHIFT-PERD; parameter and declaration of variables. 
Process class SHIFT-PERD (PERD5); |«»»«*««««««««««s««««««««x*«*«*s«««««*««* • 
integer PERDS; Inumber of periods in a year or season; 
begin 

I d e c l a r a t i n n ; 
integer I ; 
PERD, Irurrent period number; 
LE_N0_CT6; Icategory of mpn/marhines; 
integer array I ; 
PERD.END (0:PERDS *1); Mast date period is valid; 
boolean I-- ; 
RVLB.PRD, RVIBJSRDJ*REV; Itrue if available in current/ previous period; 
boolean array I --; 
RVLB PERD (1:PERDS • 11; lf*lse after perds; 
text" ! ; 
PLUS; 
ref (COMPONENT) I ; 
CMPNT; 
ref (Head) 
COMPAQ; I queue for components; 
ref (REC0RD_C0rfP) Iref. to Mink'object (to queue components); 
REC_C0WP; (operations not wanted (covered by gangs); 
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Table 4.103 Dynamic section of class SHIFT-PERD. 

' d y n a m i c ; 
I r e p e a t ; 
while not END EXPRMNT do begin 

PERD:« PERD • 1; 
RVLB PRD PREVM RVLB PRO; 
RVLB_PRD:« RVLB.PERD'fPERD); 
RDHN.DISPLRY DPTR ; lupdate before s t a t e s are changed; 
LE NO CT6:> 0; 
RECJIOMP:- COMPJl.Fir s t ; 
while REC COHP «/« none do begin 

CHPNTT- REC.COHP.FMP; 
inspect CKPNT do begin 

5HIFT.CHN6E.; 
i f RVLB_PRD and 5H_iK « / • none then a r t i va t e SHJSK at limp; 

end; 
inspect THPNT when LRBR EQPHNT do i f LE NO CTfi <> LE NO LE then begin 

LE NO CT6:« LE NO LE; 
UPDT MH 5Y5.TE5T LE ILE NO FTG):« true; 
a c t i va t e UPDT_MH_5Y5 at Time; 

end; 
REC.COMP:- REC_C0HP.5ur; 

end; 
DEriDE.SHIFT CH:« t r u e ; 
ac t i va t e DECIDE *i Time; 
r eac t i va t e t h i s SHIFT PERD at (YR N - 1) * LAST DRY YERR • PERD END TPERDJ; 
i f PERD > PERD5 then PERD:« 0; 

end t* of whi le ; 

component is a man or machine then the updating of man-machine systems 
is needed (a signal TEST-LE[ ] is set to true and UPDT-MM-SYS is acti­
vated, Section 4.2.3). Finally a decision is required and this object is re­
scheduled at the end of the current period; the preceding years of the simu­
lation are considered by YR-N, the year number, times the number of days 
in a year (for convenience only it is preferred that LAST-DAY-YEAR is 
500.0 or 1000.0 instead of 365.0). The control of the state of an operation 
(Table 4.84) is related to the state of the gang; it is therefore unnecessary to 
include operations in a shift (if done however it has no effect on the state of 
the operation). This instrument can be used to define the availability of ma­
chines from a neighbour or contract worker during some periods in a year. 

4.4.2 Shifts within a week 

This shift is developed to control the availability of men for work, but it can 
be used also for machines or other subclasses of COMPONENT. Table 
4.104 shows the class SHIFT-WEEK. The seven days of a week (Monday = 
1, .. etc.) belong to one of the categories considered 1, ..., DAY-CTGRS, 
such as workdays, weekend days, Saturday or Sunday; the catagory of a day 
is given in DAY-CATAGORY [DAY-TYPE], where DAY- TYPE is 1, ..., 
7. Each day has a number of shifts SHIFTS and SHIFT-END [0:SHIFTS] 
contains the clocktime when availability or costs change. A number of costs 
categories, COST-CTGRS, are distinguished and category 0 is used to de­
note that AVLB-WK is false (men are not available for work) and l:COST-
CTGRS to assign costs per hour in COST-H-CTGR [0:COST-CTGRS], for 
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Table 4.104 Class SHIFT-WEEK; parameters and declaration of variables. 

Process class SHIFT IEEK |**««**8*«s«s«**x««««****»***««*««««**««s • 
(DQY..CT6RS, C05T.CT6R5, SHIFTS, PERIOnS); 
integer 
DRY_CT6R5, lnumber of daytypes per week; 
C05T_CT6RS, (number of r.nst categories considered ; 
SHIFTS, I shifts per day fur a man or a marhine; 
PERIODS; Inumber of periods in a year with different work-time and overtime moments; 

begin 
I d e c I a r a t i o n ; 

real array I — -----. 
COST H CT6R fChfOST CTGR5), lt.osts/hour of man per category of costs; 
SHIFT END t0:5HIFTsTl:PERI0DS]j Itime in hours at end of shift, same all 
I CO ,j] « 0.0 Idays, shift.end [shifts, j)« 24.0 * n; 
integer array |.---......--.-.----..-- . 
COSTS 5H CT6 I1:DRY CT6R5, 1:SHIFT5, 1:PERI0D51, Icost category per da/,shift .period; 
PERIOD.END M-.PERIODS • 11, (last date perind is valid; 
DRY_CRTRG0RY (1:71; (subscript 1....7 for monday,....,Sunday; 
integer I -----.--. 
C05T_CT6R, (current category of variable cnsts (overtime); 
SHIFT, LE NO CT6R, (current shift, category of men or mach.; 
PERIOD, DRYJYPE; Icnrrent period, type of day (1.....7); 
real 1 — -.-------------- . 
COSTS NOi, li.urrent variable costs; 
C05T5>REV, C05T5.INCR, R; 
boolean I- -; 
RVLB_fK, RVLB_fK_PRF.V, Itrue if available in current/previous interval; 
RVLB COMP IK; Itrue if any rumponent avlb cnmp; 
ref (Head) I ; 
CMP Q; (queue for components; 
ref"(REC0RDJ0MP) 
REC.CMP; Ireference tn a record containing a component; 

instance, 0.0 f/h for regular time and 15.0 f/h for overtime of permanent la­
bour. Some periods, PERIODS, are considered in a year; they end at PE­
RIOD-END [ ]. In COSTS-SH-CTG [i,j,k] the costs category is given for 
each day-category i, each shift j and each period k. The dynamic section is 
shown in Table 4.105. It derives DAY-TYPE, PERIOD, SHIFT, the pre­
vious costs, COSTS-PREV, the current costs category, COST-CTGR and 
the current costs, COSTS-NOW, the increase of costs, COSTS-INCR, and 
the previous and current availability, AVLB-WK-PREV, AVLB-WK. If 
the availability or the costs changed or no component was available thus far, 
then each component, CMP, in CMP-Q is inspected. SHIFT-CHNGE- is 
called for each component and AVLB-COMP-WK is set to true if a compo­
nent is available (AVLB-COMP is true) in the current period and shift. 
When the component is an object of class LABR-EQPMNT and the se­
quence number, LE-NO-CTGR is not yet considered then some signals are 
set in UPDT-MM-SYS by calling UPDT-LE (Table 4.106). UPDT-MM-
SYS is activated (Section 4.2.3) to update the availability of the man-ma­
chine systems immediately (before decisions are required). Under condi­
tions when work can start or has to stop or only costs change, then DECIDE 
is activated after setting SHIFT-CH to true. A reasonable selection of con­
ditions has been made here, but it was also possible to be less restrictive and 
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Table 4.105 Dynamic section of class SHIFT-WEEK. 

I d y n a m i c ; 
I r e p e a t ; 
while not END EXPRMNT do begin 

DPY.TYPE:^ ITH_MPT.DPY_TYPEJ¥THR; Iwthr is activated prior to sh i f ts ; 
i f SHIFT « SHIFTS then lupdate of period only after complete cycle of shifts* 
while PERI00.EN0 (PERIODJ < DPYS.NMB do PERIOD:* PERIOD • 1; 
I (days nmb is updated in admnstr; 
SHIFT:- Hod (SHIFT,SHIFTS) • 1; 
r05T5„PREV:« COSTS.NOi; 
COST^CTGR:* 10 means men are not available in current sh i f t ; 
i f PERIOD > PERIODS then 0 (men not available after periods; 
else COSTS 5H CT6 (DRY CRTR60RY [DRY TYPE!.SHIFT,PERI001; 
COSTS N0i:« COST H CTfiR [COST CT6R); 
COSTS INCRr- C05T5~N0i - COSTS PREV; 
PUB i * PREV:- PVLB IK; 
RVLB WC7« COST C T 6 R " O 0; I false for category 0; 
LE_N0 CTGRr- oT 
i f not (RVLB MC PREV eqv PVLB i < ) or COSTS N0» O C05T5 PREV or not PVLB COMP •< then begin 

RVLB.CQMPJMC:- fa lse; 
RDMN.DI5PLRY DPTR ; lupdate before states are changed; 
REC_CMP:- CMPJJ.First; 
while RECJIMP «/« none do begin 

inspect REC CMP.CMP do begin 
SHIFT CHN6E ; 
RVLB.COMPJwi:- RVLB_C0MPJK or RVLB.COMP; 
I true i f any component exists that is available in current sh i f t ; 

end; 
inspect REC CMP.CMP when LRBR EQPMNT do i f LE.NO.CTnR <> LE NO LE then begin 

LE NO CT6R:« LE NO LE; 
UPDT.LE; 

end; 
REC.CMP:- REC.CMP.Suc; 

end; 
reactivate UPDT_MM_5Y5 at Time prior; lupdate before decision; 

end tt then branch of change; 
if (not RVLB IK PREV and RVLB IK) Istart or select work; 
or (RVLB PIC PREV and not RVLB'iK and MM S SELECT) Istnp non-autom. work; 
or (C0ST5.INCR <> 0.0) " Istart?, finish?; 
then begin 

DECIDE.SHIFT CH:« true; 
activate DECIDE at Time; 

end; 
if END_5ER50N or PERIOD ) PERIODS then begin 

Passivate; (activated by sh_prd; 
SHIFT:- SHIFTS; PERIOD:- 1; 

end 
else begin 

R:« Time • (SHIFT END TSHIFT, PERIOD) - SHIFT.END (5HIFT-1, PERIOD)) I 24.0; 
if Rbs(R - Entier(R*1.0&-3)) < 1.0&-3 then R:« Entier(R*1.0&-3); 
reactivate this 5HIFT_1EEK at R; 

end; 
*nd xx of while; 

Table"4.106 Procedure UPDT-LE of class SHIFT-WEEK. 
procedure UPDTJ.E; I • 
b«0in (called in dynamic; 

i f not (RVLB IK PREV eqv RVLB WK) then Iset t*st_avl in updatejnms; 
UPDTJfM.SYS.TEST LE TLE N0.CT6R):- true; 
i f COSTS INCR (>"0.0 then begin 

UPDT MM SYS.rOSTS CHN6 CLE NO CTBR):« t rue ; 
u*PDT~MH~SY5.C0ST5llNCRSE CLEjSo.CTfiR):« C0ST5.INCR; 

end; 
end; 
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to move in each case to DECIDE. Finally this class is passivated if the sea­
son is over or no component is available (activation occurs in the shift of pe­
riods) otherwise it is reactivated at the moment when the current shift ends. 

This shift (of men) can, for example, handle the regular worktime on 
workdays from 07:00-12:00 and 13:00-18:00 the overtime from 12:00-13:00 
and 18:00-22:00 and on Saturday from 07:00-18:00 and the no worktime 
outside these ranges. The overtime during pauses, during the evening and 
during Saturday can each have their own category of costs per hour. So 
there is a flexible instrument to control the availability of men. This method 
can also be used to define the availability of machines during a week, for ex­
ample, milking machines each day, for instance, from 06:00-10:00 and 
16:00-20:00. It is sufficient in most cases to involve only men in the weekly 
shifts; the availability of men controls the state of all the man-machine sys­
tems except those operating without men such as a grain drier (an automatic 
system). 

4.4.3 Shifts for materials 

Such a shift is used to control the clocktimes when the calculation of urgency 
and disurgency of materials processed is desired. It has a structure (Table 
4.107) similar to that of the above shifts. In its dynamic section, Table 
4.108, it calls procedures to calculate the urgency of each processed 
material contained in MAT-Q by calling URG-MAT-PRC- and URG-
MAT-EXT- (Tables 4.43 and 4.44), writes the derived values if desired on a 
file URG-APL-OUTP, calls the 'virtual' procedure URG-GANGS- in DE­
CIDE (Table 4.101) to calculate the urgency of the gangs and passivates or 
reactivates itself at the next clocktime. 

The cycle handled is implicitly defined by the last hour URG-CALC-HR-
[POINTS] and may be 24 hours from the starting time; 168 hours or one 
week or any positive number can be used. The above shifts have a shortest 
cycle of a year, a week and a day for SHIFT-PERD, SHIFT-WEEK and 
SHIFT-URG, respectively. 

Table 4.107 Class SHIFT-URG; parameter and declaration of variables. 

Process class 5HIFTJJR6 (POINTS); l««»«««»«»««»»««««»«»««»««»««««««««««««««j 
integer POINTS; (number of calculation points in t ine cycle; 
begin 

( d e c l a r a t i o n ; 
integer I ; 
P0INT_N0, 19; 
real I — - - - - . 
R1; 
real array I . 
UR&_CRLC.HR (0:P0INTS1; (hours (nay be >24.0) are handled re lat ive to preceding; 
boolean . ( - - - ; 
fiVl B COMPJJGj (true i f any material avai lable; 
rwf (Head) I ; 
H«T Q; 
ref (RECORD MAT) 
REC.MRTj 
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Table 4.108 Dynamic section of class SHIFT-URG. 
I d y n a m i c; 
I r e p e a t ; 
while not END EXPRMNT do begin 

RVLB C0MP~UG:« false? 
HOUR RT TIME} 
REr_MRT~- MRTJ).First; 
while REC MPT «/« none do begin 

i f REE MRT.MRTRL RF.RV1B COMP then inspect REC MRT.MRTRL RF qua PROCESSED MRT dn begin 
URG MPT PRC ; 
UR6 MPT EXT ; 
RVIBJIOMPJJG:* RVl B.EOMPJJG or RVLBJ.OMP; 
I true i f a component exists that is available in the current period; 

end; 
RFC.MPT:- REC_MRT.5uc; 

end; 
if RVLB COMP UG then inspect URG RPL OUTP do begin 

QutfixC TIME YR,2,6); Outfix? HOUR,1,5); 
for I9:« 1 step 1 until MRTRL5 PROC do inspect MATRL PRC tI9) do 
OutfixC RMRXC UR6ENCY PROC, URG PROC RLT) / CRP_PR0C, 0,8); Setpos (Pus • 10);lfl/ha; 
for I9:« 1 step 1 until MRTRLS PROC du inspect MRTRL PRC 113) do 
if DI5URG U5ED then Outfix ( DISUR6NC DEL / CRP.PROC, 0,8) else Setpos(Pus*B); 
OuttextC'" (fl/ha)1); Outimage; 

end; 
if RVLB COMP UG then DECIDE.URG GRNG5 ; (activates decide if necessary; 
P0INT.NO:« if POINT NO * P0INT5~then T else POINT JIO • 1; 
if END_5ERSQN or not RVLB_C0MPJJG then begin 

Passivate; (activated in shift chnge of material; 
P0INT_N0:» 0; 

end 
else begin 

R1:« Time • (URG CRLC HR (POINT NO) - URG.CRLC.HR IP0INT.N0 - D ) / 24.0; 
if fibs (R1 - Entier(R1*1.0&-3))~< 1.04-3 then R1:« Entier (R1 • 1.04-3); 
reactivate this 5HIFTJJRG at R1; 

end; 
end of while; 

4.4.4 Dates and time 

Some procedures are necessary to transform data related to date and time. 
Table 4.109 shows the transformation from month and date to day number 
relative to Jan. 1 as the first day and without taking into account leap years 
(Febr. 29 not counted). The formulae are derived from Stuff & Dale (1973) 
who counted days relative to March 1. The opposite to derive a month and 
date from a day number is shown in Table 4.110; the result is a text variable 

Table 4.109 Procedure D ATE-TO-D AYNO of class SFOB ASE-MODEL. 

integer procedure DRTE TO DRYN0 
(HONTH NO, DRTE MN N0)J " I J 
integer H0NTH_N0, DRTE_MNJ*0; 
I (called in shift_perd/ _week, delvr_fId_init; 
b«gin Idayno will become relative tn 1st jan « 1, no leap years considered; 

if MQNTHJIO > 12 or DRTE.MNJI0 > 31 then begin 
Out image; 
Outtext d a r n i n g : You try tn find a daynu with Month*); 
Outtext (' and Date, at Tine'); Out image; 
Outint (H0NTH_N0,6); Outint (DRTE_MN_N0,6); Outfix (Time,6,12); Outrage; 

end; 
if MONTH NO < 3 then MONTH N0:« MONTH NO • 12; 
DRTE TO DRYN0:« Mud (Entier (MONTH NO t 30.6 • DRTEJfNJJO - 32.3) -1, 365) • 1; 

«"d tt developed from stuff & dale, agric. meteor. 12 (1373) 441-442; 
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Table 4.110 Procedure DATE-FROM DAYNO of class SFOBASE-MODEL. 
procedure DRTE.FROMJJRYNO (DRYNO); I ; 
integer DRYNO; Idayno relative tu 1st Jan. * 1, no leap years; 
begin 

integer MN, DT; 
text DOTE TXT; 
if DPYNO 7 365 then begin 

Ou tiiidge; 
Outtext ('Warning: Yuu try to find a date for dayno * ' ) ; Outint (DPYNO,6); 
Outtext (', it is reduced mudl ,365).'); Dutimagp; 

end; 
ORYNO:* Mod (ORYNO -1, 365) • 1; 
ORYNO:« if DRYNO < 60 then DflYNO 4 365 else DflYNO; 
MN 
DT 
MN 

« Entier ( (DRYNO • 32.3) / 30.6); 
« Entier (DRYNO - MN f 30.6 • 33.3); 
« Mud (MN - 1, 12) • 1j 

MNTH DT6:> MNTH TXT3 (MN); 
DRTE TXT:- MNTH~DT6.Sub (4,3); 
DRTE_TXT.Piitint~(DT); 

end tt developed from stuff & dale, agric. meteor.12 '1973', 441-442; 

Table 4.111 Procedure HOUR-AT-TIME of class SFOB ASE-MODEL. 
procedure HQUR_RT_TIME; |---. .... ..... 
begin (called in decision, shift_urg; 

HOUR:* (TUe • Entier(Ti«e • 1.04-4)) S 24.0; U-0.0 at 24.Oh; 
DRY FRRC N0i:« if HOUR <« DRY B6N then 0.0 
else if DRY END <« HOUR then 1.0 
I; else (HOUR - DRY_B6N) / (DRY.END - DRY_BfiN); 

end; 

Table 4.112 Procedure TIME-YR of class SFOB ASE-MODEL. 
real procedure TIMEJfRj I--.- . — .... _...j 
TIMEJTR:« Time - TIMEJJRN; (time in year relative to 1 januari 0.0 o'clock; 

of six characters, MNTH-DT6. The procedure HOUR-AT-TIME, Table 
4.111, calculates the current clocktime from the system variable Time and a 
fraction of the day already used at this clocktime when it is between the be­
ginning and the end of the workday (depends on input data of shift of week; 
Section 4.4.2). When the simulation covers some years then Time' contin­
ues over the years; to show the duration since 1 Jan. 0:00 procedure TIME-
YR is used, Table 4.112. 

This section completes the description of the base model. 
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5 EXPERIMENTAL FRAME 

This chapter extends the base model to the experimental frame and de­
scribes the related input and output. The experimental frame consists of a 
subprogram with some general specifications and a main program that ini­
tializes the system, sets up one or more experiments and simulates the 
scheduling of operations over several seasons for each experiment. 

5.1 General specifications 

The general specifications concern the weather data (and material prop­
erties), the decision making and the administration. They are general in the 
sense that they can be used for each scheduling system defined in the input 
(number of men and machines, type of operations and materials, etc.); they 
are specifications in the sense that they expect in input specific materials 
and properties. In the base model and in the experimental frame a balance 
between generality of use and flexibility of use was invested; therefore be­
cause of the assumptions made, there is limited flexibility. In Chapter 7 rel­
evant specifications for the wheat harvesting and other extensions of an ex­
perimental frame are described. Table 5.1 shows the structure of the sub­
program with the classes and references to objects. 

5.1.1 Weather and material data 

In the base model class WEATHER-MATRL, Table 4.8, contains the va­
riables of the materials processed to control their workability, PROPERTY. 
Now this class is extended by defining a subclass WEATHER that mainly 
reads chronological data from a file. Table 5.2 shows the variables so that 
the moment up to which the properties are valid is known (MONTH, 
DATE, CLOCK and TIME-CL), the rain, a reference to an inputfile, etc. 
The meaning of the variables will soon become clear. 

Table 5.1 General outline of class SFOEXPERIMENTand its attributes. 

•xtarnat class 5F0iR5E_HO0ELj 
SFQlflSE.HODCL class SFQEXPERIMENTj 
tag in 

rtf CIERTHER) ITHR; 
•ERTHERJtflTRl class iERTHER; 

r*f (URGENCY DF5N) DECIDEJJR6j 
DECISION class UR6ENCYJ)r5N; 

ref CRDMINISTRRTION) RDHNSTR; 
RDMINISTRRTQR class RDHINI5TRRTI0N? 

tndj 
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Table 5.2 Class WEATHER; declaration of variables. 

tEPTHER_MRTRL class iERTHER; ! • • i i i i n i i i i i i i i i i i i i i i i i i i i m m i j 
btgin 

( d e c l a r a t i o n ; 

boolean I - - - - - -
F.N0ED_0PTP; Itrue if end of weather datafile occurs; 
integer I 
13, YEPR, MONTH, DATE, CLOCK; (integer clocktimes in input file 11; 
real I 
RPIN.SUM, RRIN, Kmml; 
TIME NEXT, Itine when new weather dat* are required] 
T I M E I E L . P R V , TIHEJ.L, Itinie at clock since 1 Jan.; 
OURTN DPTP; (from current nonent until data are valid at tine next; 
ref (Infile)fTHR MT DPTR; I 
text DPTPFILE, YR; " I 

Table 5.3 Procedure NEW-FILE of class WEATHER. 

procedure MEt_FILE; |.--- -.-. .... .... _„... 
begin (called in main; 

DPTPFILE:- PPRPM£TER5.Intext (12); 
YR:- DPTRFILE.Sub (5,2); 
YERR:« 1900 • YR.Getint; 
ENDEDJJRTfl:. fnlse; 
activate this iERTHER at Tine prior; 

end; 

Table 5.3 shows procedure NEW-FILE that is called from the main pro­
gram when a new season of weather and material data is required in the ex­
periment. It reads the name of the file from a file referenced by PARAME­
TERS; the name consists of 'file name.extension' where character 5 and 6 
contains the year index. The dynamic section is activated after ENDED-
DATA becomes false. The dynamic section is shown in Table 5.4 and con­
sists of three groups of statements that are entered if the end of experiment, 
END-EXPRMNT is not yet achieved. The first group initializes the file ref­
erence and opens the file WTHR-MT-DATA. The third group is used when 
the end of that file is achieved: the file is closed, ENDED-DATA becomes 
true, the state of materials is changed, DECIDE is activated and Passivate 
is called (a reactivation can occur when another season is requested in the 
experiment). The second group reads the data; derives the type of day at 
Jan. 1; calculates the next moment of reading TIME-CL and TIME-NEXT 
(properties are valid from now on until that moment) and the duration, 
DURTN-DATA; calls ATTR-UPDT-M- (Table 4.45) of materials to up­
date the material attributes according to PROPERTY; DECIDE is acti­
vated after giving it a signal when nothing is selected to work and men are 
available, the object is rescheduled at the next time and after that moment 
the sum of rain is calculated and finally Lastitem is called to know in time if 
the end of file is achieved or more data are available. It is assumed that the 
data file contains MONTH, DATE and CLOCK, DAY-TYPE-WTHR giv­
ing the type of the day (1 = Monday, ...), RAIN in [mm] and PROPERTY, 
an array with one element for each material processed (Table 4.8). The first 
three are integers (even CLOCK i.e. data on full hours only!) and the last 
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Table 5.4 Dynamic section of class WAETHER. 

I d y n a m i c ; 

while not END EXPRKNT do begin 
VTHR HT DPTP:- new Infile (DPTRFILE); 
1THR HT DPTP.Open(Blanks(150)); 
RRIN 5UH:« 0.0; 
DRY IP 1JPN:« 0; 
•THR_HTJ)PTP.Inimage; 

while not iTHRJtT.DPTP.Endfile do begin 
I r e a d ; 
inspect iTHR HT OPTP do begin Idata for spell from now until munih,date,clock: 

H0NTH:« Inint; 0PTE:» Inint; CL0OC:« Inint; DPY_TYPE„iTHR:« Inreal; 
RPIN:« Inreal; lin mm; 
for I3:« 1 step 1 until HPTRL5..PR0C do PROPERTY (13):« Inreal; 
Inimage; 

end; 
if DPY TP URN * 0 then begin 

13:> DPTE TO DPYNO (MONTH, DPTE); 
DRY_TPJJPN:7 Hod (DPY_TYPE_HTHR - 1 - (13 -1) • 7000, 7) • 1; 
Out)Mage; 
Outtext ('Day type at 1 Jan.'); Outint (YERR.6); Outint (DPY TP 1JPN.6); 
Outtext (' (1« Honday .etc.); Data start at • ) ; 
Outtext (DRY TXT3 [DPY TYPE iTHR)); Outtext C • ) ; 
Outtext (HNTH TXT3 [MONTH]); Outint (Entier (DOTE),6); Outimage; 
TIHE_CL_PRV:«"l3 - 1; 

end; 
TIHE CL:« DPTE TO DPYNO (HONTH, DPTE)- 1.0 • CLOCK / 24.0; 
TIHE NEXT:« TIHE 1JPN • TIHE CL; 
DURTN DPTR:* RHPX(1.0&-4,(TIHE CL - TIHE CL PRV) t 24.0); 
PDHN5TR.0ISPLRY DPTP ; 
if not EN0 5ERS0N then for I3:« 1 step 1 until HPTRL5 PROC do HPTRL [I3J.RTTR UPDT H ; 
if not HH_S SELECT and HPN (U.STRTE <> DOiN and not ENDED.PR0C5 then 
DECIDEJJRfi.iTHRJJPDPTE:- true; 
activate DECIDE~at Time; 
reartivate this fEPTHER at TIHE_NEXT prior; Iprinr to other processes; 
RPIN SUH:« RPIN SUH • RPIN; " leum.rainfall upto the current time; 
•THR'MT DRTP.Lastitem; 
TIHE„CL_PRV:« TIHE.CL; 

end xx while loop; 
•THR HT DPTP.Close; 
ENDED.DPTR:. true; 
for 13:. 1 step 1 until HPTRL5 PROC do inspect HPTRL (13) do beyin 

•ORKBL.NEXT:. false; CH.IORKBL; 5TRTE_CH_HPT; 
end; 
if not DECIDE.Terminated then reactivate DECIDE at Time;Ifinishes operations immediately; 
Patsivate; (wait until reactivated by new_file; 

*nd tt 0f ddta & while not end_of_experiment; 

three are declared as reals but may be integers in the file without causing er­
rors during reading. An example is shown in Table 5.5 that shows the data 
of Wednesday 1 August 1962 related to six materials belonging to the wheat 
harvesting (wheat, straw, bales on the field, bales loaded, stubble and wet 
grain). Even if the workability of bales loaded is independent of the 
Weather, the file has to contain a PROPERTY[4] due to the generality of 
this experimental frame; in this case 0.00 as for wet grain. PROPERTY[ ] is 
used to control the. workability of a material processed as if only one prop-
erty is relevant; if more properties are relevant, for instance, the moisture 
content of grain and the occurrence of condensation moisture on the wheat 
Plant, then the moisture content was used to define PROPERTY and multi-
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Table 5.5 Example of the data file read in class WEATHER. 

CLOCK 
DPTE 
Rug 

8 
8 
8 
8 
8 
8 
8 
a 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

.1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

DRY 

1 3 
2 3 
3 3 
4 3 
5 3 
6 3 
7 3 
8 3 
9 3 

10 3 
11 3 
12 3 
13 3 
14 3 
15 3 
16 3 
17 3 
18 3 
19 3 
20 3 
21 3 
22 3 
23 3 
24 3 

RRIN 
Inn) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.40 

--11)--
cereal 
field 

-21.52 
-21.76 
-22.00 
-22.23 
-22.46 
-22.69 
-22.91 
-23.13 
-23.35 
-23.56 
22.83 
22.09 
21.28 
20.56 
19.85 
19.36 
18.98 
18.71 
18.48 
18.31 

-18.37 
-18.66 
-18.95 
-20.89 

PROPERTY [1:61 
--121--

straw 

-20.37 
-21.91 
-23.37 
-24.75 
-26.05 
-27.29 
-28.46 
-29.57 
-29.06 
-21.51 

18.45 
16.89 
15.52 
14.71 
14.01 
13.40 
12.88 
12.52 
12.32 
12.21 

-12.20 
-14.25 
-16.17 
-36.88 

--131--
bales 
field 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.40 

--14)--
bales 
loaded 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

--151--
soil 

43.09 
43.12 
43.15 
43.17 
43.20 
43.22 
43.21 
43.14 
43.03 
42.83 
42.62 
42.45 
42.24 
42.05 
41.80 
41.56 
41.32 
41.16 
41.07 
41.03 
41.03 
41.03 
41.03 
41.82 

— — I b J - - — -
wet grain 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

(Data from Rug.1, 1962, 1:00 • 24:00, Wednesday * day 3) 

plied by 1 if condensation did not occur and by -1 when condensation pre­
vents the combine harvesting operation; PROPERTY is therefore moved 
out of the range of moisture contents that are acceptable as workable, for 
instance, 0% - 23%. The same is true for the moisture content of straw and 
soil. The property of the bales on the field is the rain intensity in [mm/h], 0.4 
mm at 24:00. A data file, consisting of lines only at clocktimes when a prop­
erty changes significantly, suffices; removing the first nine lines is possible. 
Properties can therefore be given at irregular intervals. 

5.1.2 Decision 

Class DECISION in the base model, Table 4.101, mainly declares Booleans 
as signals to know the reason why it was activated. The definition is ex­
tended for deciding according to the heuristic urgency strategy (Elderen, 
1977, p. 13-33). If one want to select man-machine systems according to so­
lutions of linear programming models or to the strategy of a dynamic pro­
gramming model of the scheduling problem, then an appropriate subclass of 
DECISION must be defined. If one wants to use some procedures of the ur­
gency strategy, a subclass of URGENCY-DCSN is useful. 

The main idea of the urgency strategy is the use of timeliness data of a 
material to find an urgency, to transform this urgency of a material to an ur­
gency of a gang or a combination (set of gangs) able to process the material 
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by an operation and to select gangs by using their urgency. To select effi­
ciently sets of combinations were distinguished (Section 4.2.3 MM-
SYSTMS-SET), where within each set a selection takes place independent 
of other sets as far as the use of men & machinery is concerned. An example 
is to put all the gangs with men in one set and all gangs without men such as 
drying installations, working automatically, in another set (Table 2.5). 
Gangs from a contract worker can be put in a third set. It is also possible to 
handle sets for different groups of men and machines, which do not inter­
fere; a set related to arable work, a set for poultry or cattle work. For this 
reason a queue is used in a subclass of COMPONENT (Table 4.77); it has 
the advantage of making a set available by AVLB-COMP equal to true dur­
ing some periods as defined in SH-PRD and during certain hours in a week 
as defined in SH-WK (Sections 4.4.1 and 4.4.2). It is elegant to work with 
different sets for different seasons. At the moment gangs or combinations 
are created in input they are put into the queue of the prescribed set. This 
short description of man-machine system sets suffices to start with the de­
scription of the decision making itself. 

The declaration of variables of subclass URGENCY-DCSN is shown in 
Table 5.6. The function of these variables and those of the superclass DE­
CISION (Table 4.101) will become clear on the following pages. The dy­
namic section is shown in Table 5.7 and shows that all processes scheduled 
at the same time precede DECISION except administration; this is achieved 
by reactivating the DECISION process. So if attributes are updated by 
WEATHER, then the consequences in other processes are considered be 
fore a decision is made. A series of Boolean variables is used as signals 
when a decision was required for some reason. Shifts changing the state of 
the system within a week and per period set SHIFT-CH. A machine failure, 
MACHN-FLR, an achievement of a maximum quantity, MAT-MAX-QNT 
and a material no longer processable, MAT-DOWN can have the conse­
quence of stopping some operations. When a machine is repaired, 

Table 5.6 Class URGENCY-DCSN; declaration of variables. 

DECISION class URGENCY DCSN; |x*x«x*ss«««s«s*s*«*s«*s*s***s**x*«*«*«*«. 

bpgin 
I d e CL t a c a t i u n ; 

boolean I--.--.-.-------- ... 
LOOP BRERK, lintprrupts too many decisions at the samp time; 
URGNC.CRLC, BTHRJJPDRTE, HH_5_SELCTJ\ MCH_FLR_5T0P; treasons of calling dyn.; 
integer I- ------------..... 
6, 14, 16, K, C_5, 5T0P, 5TRRT, L00P_CNT; 
real " I I 
TIHE.PREV, URG HRX; 
ref (HRN HRCH 5Y5) array I • 
HM_5_OLn7 MM 5 NEt M : M M 5 5ET51; 
ref (HRN HRCH 5YS) HH 537 MM 52; 
ref (HRN MRCH~5ET) GN61; 
ref (RECORD HH 5) REC HM 5; 
ref (REi:0RD~HRT) REC H; 
ref (Head) HRTJ»R0Djj; 
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Table 5.7 Dynamic section of class URGENCY-DCSN. 

I d y n a m i c; 

while not ENO_EXPRMNT do 
if Nextev.Evtime » Time and Nextev «/« ROMNSTR 
then reactivate this DECISION at Tine 
1 lalmtist all other processes are done earlier; 
else begin 

HOUR RT TIME; 
if not RDMN.Idle then ADMNSTR.DISPLRY DATR j 
if L00P_BRERK and TIMEJ»REV ( Tine then LOOP.BRERK:* false; 
while (5HIFT_CH or Ishift change ur costs increased; 
CMRCHN FLR ur MRT MRX ONT or HOT DOfN) Combination has to stop; 
or (MRCHN.OIC or MRTJ»R55 or MRTjJLVJHC or iTHRJJPDRTE or PRC_CND 
or UR6NC C R L O ) I new combination may be considered; 
and not LOOP^BRERJC 
do begin 

LOOP.CNT:* if TINC.PREV < Tine then 0 else LOOP.CNT • 1; 
if LOOP CNT )* 10 then LOOP BRERK :« true; larbitrary stop after 10 repetitions; 
if L O Q P I B R E R K then begin 

Out image; 
Outtext ('The 10th decision was made at the sane time:1); Out fix (Time,&,12); 
Outtext (*, this sequence is interrupted at the 11th decisionl'); Outimage; 
Outtext ('The Machine systems selected at the 9th, 10th and 11th step are:'); 
Out image; 
for 14:* 1 step 1 until MM 5 SETS du if MM S 0LDII4) */* none then 
Outtext (MM_SJ3LD (14 J.NRME.COMP); 
Out image; 
fnr 14:* 1 step 1 until MM S SETS do if MM S N E K 14] */> none then 
Outtext (MM.SJtEf (14).NRME.COMP); 
Out image; 

end; 
TIME PREV:« Time; 
MT.H FLR 5T0P:* MRCHN FLR; 
SHIFT r.H:« MRCHN FLR?* MRT MRX QNT:« MRT D0iN:« false; 
MRCHN~0K:* MRT PRS5:« MRT DLV QK:« 1THR UPDRTE:* PRC CN0:« false; 
URGNC CRLC:« false; 
fur 14:« 1 step 1 until MRTRLS PROC do inspect MflTRL PRC (14) du begin 

if DELIVERING and SUPPLY.NOD then DELIVER.NRT;I quant.avlbl updated; 
URG_MRT_EXT_; lupdates urgency at time; 

end; 

URfi 6RN6S ;. 
MM 5 SELCT P:« MM 5 SELECT; 
for 14:* 1 step 1 un t i l MM_S_5ET5 do MM_SJ3LD (14 ) : - MM.SJIEi (14) ; 
for f 5:* 1 step 1 unt i l MM S SETS du 
i f END.5ERS0N or iTHR.ENDED JJRTR or not MM_5_5ET (C_5).RVLB_C0MP 
then MM_5_NE" (C.S) : - none 
else begin 

RPPLCB 6RN65; 
RPPLCB~MM SY5TMS; 
SELECTJffS; 

end; 
STOP STRRT OPRTNS; 
if LOOP BRERK then begin 

for 14:* 1 step 1 until MM 5 SETS do if HM_S.NEI(I4] «/« none then 
Outtext (NM_5J€I (I4).NRM£_C0MP); 
Out image; 

end; 
end of while causes to change combinations; 

Passivate; 
wnd of else_branch and of while, so repeat; 
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MACHN-OK, a material became processable, MAT-PASS, the delivery be­
came true, MAT-DLV-OK, the weather data are updated, WTHR-UP-
DATE, processing conditions of a material changed, PRC-CND or the ur­
gency of passive gangs was calculated, URGNC-CALC then other combina­
tions are possible and may be preferrred. These variables are made false 
and can become true again due to the decisions made. The urgency of 
materials at the current time is updated by calling URG-MAT-EXT- (Table 
4.44) and sometimes the available quantity by calling DELIVER-MAT. 
The urgency of the gangs is derived in URG-GANGS-. For each set i the se­
lected man-machine system is recorded in MM-S-OLD[i]; a new system 
MM-S-NEW[i] is required if the set i is available (AVLB-COMP true). The 
selection is performed after deriving the applicability of gangs and man-ma­
chine systems by calling APPLCB-GANGS, APPLCB-MM-SYSTMS and 
SELECT-MM-S. These procedures will be described on the following pages 
along with STOP-START-OPRTNS, which performs the stopping of opera­
tions in MM-S-OLD and starting of operations in MM-S-NEW. The execu­
tion continues (due to while ...) with considering if some new signals are set 
which require a new decision otherwise it calls PASSIVATE for waiting un­
til the next activation time. Such a 'while' statement can cause an unex­
pected loop so a LOOP-BREAK was inroduced that forces the acceptance 
of the eleventh decision at one moment; a message is sent to indicate the 
moment and the selected man-machine systems. 

Now the procedures called in the dynamic section are considered. The 
first one is URG-GANGS- (Table 5.8), which calculates the urgency of 
gangs and is called from the dynamic section of decision or from the shift 
controlling the urgency calculation of materials (Table 4.108 in Section 
4.4.3 'Shifts for materials'). It calls URGENCY-GANG- (Table 4.71) to 
calculate the urgency of a gang and may activate this class. The applicability 
of gangs within a particular set of man-machine systems C-S is handled in 
APPLCB-GANGS (Table 5.9). Only gangs are handled by using the condi­
tion: 

inspect REC-MM-S.MN-MCH-SYS when MAN-MACH-SET do 

which excludes GANG-SET. Now an applicability APPL-M-AVLBL is de­
fined that requires that processed materials are available. This depends on: 

Table 5.8 Procedure URG-GANGS- of class URGENCY-DCSN. 

Procedure URbJ>RN65_; I - -; 
k*gin Icalled in shift_urg, this dynamic; 

for K:« 1 step 1 until 5RN65 do begin 
GPNG [KJ.URGENCY GRNG ; 
if SRNfi [ICJ.5TRTE « PR5SIVE and GRN6IK) .UR6ENCY_C0RR > 0.0 then UR6NC_CRLC:« true; 

end; 
if UR6NC_CRLC then activate DECIDE at Tine; 
if Tiirrent «» this DECISION then UR6NC_CRLC:« false; Ino extra decision is wanted; 

end; 
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Table 5.9 Procedure APPLCB-GANGS of cLass URGENCY-DCSN. 

procedure RPPLrB_6RN65j |---- ---- .... .... ... 
beyin leal led in dynaaic; 

boolean APPL; 
REC.MM.5:- MM_5_5ET (C_SJ.MM_5_5ETJ).First; 
while REC MM 5 «/« none do begin l«an reach set objects are gangs; 

inspect REC_MM_5.MN_MCH_5Y5 when MRN_MRCH_5ET do begin 
RPPL M RVLBL:« STATE <> DOfN ~ (state of gang / operation resp. ; 
and (if QPRTN_JS «/« none then OPRTN_J5.5TATE <> DOiN else false) 
and (URGENCY CORR >• 0.0)s land urgency - costs >• 0.0; 
if RPPL M RvtBL then inspect OPR MT n do begin 

for 16:« 1 step 1 until MATRl.S PROCD do 
RPPL_MJWLBL:« RPPLJ4JWLBL and MAT.PROO (161.BLVR.RLLfO; 
I In.k. if . ..Inat.procU available (or «ach. fur repair); 
RPPL:« true; 
for 16:* 1 step 1 until MRTRL5 PRCSD do 
APPL:« RPPL and not MRT.PROC 116).5UPPLY.NDD; 
Inppl, applicable can change if mat. is delivered in a combination} 

end; 
if OPR 5R 6 «/• none then PPPL:« OPR 5R G.NflCHN •/« none; 
APPLICABLE"- RPPL and RPPL_M_RVLBL; 

end of nan «at_h set and inspect; 
REC_MM_5:-~REC_MM_5.Sue; 

end of while; 
end tt of deriving applicability of gangs; 

- all the necessary elements from men & machinery are available, STATE 
< > DOWN; 

- the related operation (if any) is not DOWN, which guarantees that the at­
tributes of the processed materials are appropriate for processing (incl. 
AVLBL); 

- the urgency corrected for costs is positive; 
- the materials produced can be delivered, DLVR-ALLWD. 
An overall applicability, APPLICABLE, was derived which becomes true 
when all materials processed do not need supply (have some acreage: APPL 
is true) and APPL-M-AVLBL is true. If the acreage of a processed material 
is positive then APPLICABLE equals APPL-M-AVLBL, but if the acreage 
is zero (supply needed) then APPLICABLE is false and APPL-M-AVLBL 
may be true as if the material will become available by delivery. For exam­
ple first there is combine-harvesting, wet grain will be delivered, availability 
of the wet grain (Table 4.17) changes AVLB to true and delivery is antici­
pated; the state of wet grain is changed and another decision is required that 
will select also grain drying. For gangs related to service and repair opera­
tions, APPL is true when a machine needs repair or service. 

It is rather complicated to derive an applicability of man-machine systems 
because one gang, which is applicable can deliver the material needed by 
another gang in the combination, which was not yet applicable only for the 
need of supply of material. The procedure APPLCB-MM-SYSTMS is 
shown in Table 5.10 and contains procedure SAVE-MAT-PRD, that is used 
later on. The execution starts with the gang or combination in the current 
set MM-S-SET [C-S]. Attention is payed first to the case with two or more 
gangs in the combination. The urgencies are cumulated, the intersection of 
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Table 5.10 Procedure APPLCB-MM-SYSTMS of class URGENCY-DCSN. 

procedure RPPLrB_MM_5Y5TM5; I 
b « 9 i n " lealled in dynamic; 

procedure SRVEJIRT.PRD COPRTN.MT); ref (OPRTN.MRTRL) 0PRTNJ1T; 
begin 

integer 18; 
inspect OPRTN Mr do 
for I8:« 1 step 1 until MRTRLS.PRDCD da 
new REC0R0.MRT (MQT.PROO 118J).Into (MRT_PR00J3); 

end; 

REC_MM_S:- MM_S_SET (C.SJ.MM.S.SETJJ.First; 
while REC MM 5 */• none do 
inspect REC MM 5.MN MCH SYS do begin 

boolean RPPLY M~DLVR, RPPLCBL, RPPLCBL MM 5j 
real UR61, URG2; 
RPPLY_M_DLVR.-. RPPLCBL:- R P P L C B L . M M . 5 M true; 
for G:« 1 step 1 until GN65 do begin Ig in sequence nf processing materials: 

6NG1:- GRNG [RQRD 6N6 (5)]; 
RPPLY.M DLVR:« RPPLY M DLVR and 6N61.RPPL M RVLBL; 
UR61:« URG1 • 6N61.URGENCY; 
4JR62:« UR62 • GNG1.URGENCY CORR; 
RPPLCBL:* RPPLCBL and 6N61.RPPLICRBLE; 

end; 
URGENCY:« UR61; 
URGENCY C0RR:« UR62; 
RPPLY_M_DLVR:« RPPLY M DLVR and UR6ENCY_CQRR >» 0.0;lurgency - costs > 0.0; 
RPPLCBL:* RPPLCBL and URGENCY.CORR >* 0.0; lurgency - costs > 0.0; 

if not RPPLYJMJLVR then RPPLICRBLE:* false Istate,urgency or dlvr not ok; 
else if RPPLCBL then RPPLICRBLE:* true lok; 
1; else if C_S ) 1 or GN6S > 1 then begin Imaterial needed may be produced; 

MRTJ»R0DJ):- new Head; 
(fill mat_prod_q with Materials produced with man-mach.systems already selected; 
I6:« C_5 -1; (all mm_s_new fro* preceding mm s sets; 
for I4:« 1 step 1 until 16 do inspect MM_5_NEi 114] 
when MRN_MRCH_SET do if 0PR_MT_6 */« none then 5RVE_MRT_PRD C0PR_MT_6) 
when GRNG 5ET~do for 6:« 1 step 1 until 6N65 do 
if GRNG (RQRD GNG IGJJ.0PR MT G «/« none then 
5RVE_MRTJ»RD CGRN6 [RQRD_6NG (6n.0PR_MT_6); 

for G:« 1 step 1 until 6N65 do if RPPLCBL_MM_5 then begin 
ly in sequence of processing mat.11 -) saved before requested as mat proc; 
boolean PROCSNG 6 OK; 
PR0LSN6 6 0K:« true; 
GN61:- GRNG [RQRD GNG C6JJ; 
if 6N61.RPPLICRBLE then 5RVE_MRT_PRD (6N61.0PR_MT_6) 
else inspect GN61.0PR MT 5 do 
for 16:* 1 step 1 until MRTRL5 PRCSD do 
if MRT PROC [161. SUPPLY NOD and PR0C5N6_6 J1K' then begin 

boolean PROCSNG M OK; 
REC_M:- MRT_PR0D.Q.First; 
while not PROCSNG M OK and REC M «/• none do begin 

PROCSNG.M.OKM MRT.PR0C 116) « REf.M.MRTRL.RF; 
REr_M:-~REC_M.Suc;~ 

end; 
PROCSNGJiJJK:* PROCSNG JJ_0K and PROCSNG JU5K; 

end; 
RPPLCBl.MM_5:« RPPLCBL JtM.S and PR0C5N6_6_0K; 

end of testing gangs in combination; 
RPPLICRBLE:* RPPLCBL.NM.S; 

end of try delivering m; 
REC.MM.5:- REr_MM_5.Sur; 

tnd of inspect and mm.s_s.et; 
end tt of deriving applicability of man-machine systems; 
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all APPL-M-AVLBL of the gangs involved is assigned to APPL-M-DLVR; 
if true then the applicability of the combination guarantees the availability 
or delivery of materials processed, otherwise the application of the gang is 
not allowed for some reason or another. The intersection of APPLICABLE 
of the gangs involved is assigned to APPLCBL; if true then the availability 
of the processed materials is guaranteed, otherwise some material for proc­
essing has to be delivered (supply needed) and it is uncertain if that is possi­
ble. A non-negative urgency is required for both variables. Three situations 
now occur: 
- APPL-M-DLVR is false then the combination cannot be used due to men 

& machinery, to urgency of at least one gang or to delivery is not al­
lowed; APPLICABLE becomes false; 

- APPLCBL is true (implies APPL-M-DLVR is true) so all the materials 
processed are available; APPLICABLE becomes true; 

- APPL-M-DLVR is true but APPLCBL is false then one of the gangs can­
not perform work until material is delivered so an attempt is made to see 
if another gang in the combination delivers the required material. 

For the last situation the procedure SAVE-MAT-PRD is used to save in a 
new queue MAT-PROD-Q the materials produced. It is assumed that gangs 
in a combination are ordered in the sequence of processing so a gang pro­
ducing a material precedes a gang processing that material. Now if the first 
gang is applicable, then the materials produced are saved in MAT-PROD-Q 
and APPLCBL-MM-S remains true. If the second gang needs supply of a 
material, then the queue is checked until that material is found; this results 
in PROCSNG-M-OK becoming true, PROCSNG-G-OK and APPLCBL-

' MM-S remaining true and APPLICABLE becoming true. If such a material 
is not found, however, then PROCSNG-M-OK remains false, PROCSNG-
G-OK becomes false along with APPLCBL-MM-S and APPLICABLE. An 
example is useful; if there is straw in the field but no bales the following can 
happen. When the selection of straw baling is started, then the combination 
baling and gathering still cannot be used because the bales are not yet avail­
able (supply needed). Selection of baling however results in START-
OPRTN- (Table 4.86) of the baling operation and in SUPPLY-EXPCT (Ta­
ble 4.17) of the material produced i.e. bales in the field, that makes AVLBL 
true, updates the state of that material and requires another decision. The 
gathering operation is then in the situation of APPL-M-AVLBL true and 
APPLICABLE false. If baling and gathering can be performed simulta­
neously (not obvious), i.e. occur in one combination, then APPL-M-DLVR 
is true and APPLCBL false; so an attempt is made to find if the other gang 
(baling) produces the bales in the field, if so APPLICABLE of the combina­
tion becomes true. Finally it is possible to explain how this procedure is used 
for a similar check for gangs in succeeding sets, for instance, wet grain deliv­
ered in the first set by harvesting and needed in the second set by the drying 
operation. For this purpose the queue is filled beforehand with materials 
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Table 5.11 Procedure SELECT-MM-S of class URGENCY-DCSN. 
procedure 5ELECT_MM_5; I 
t"»gin leal led in dynamic; 

URfi_MRX:« -0.01? 
MM_52:- none; 
REL_MM_5:- MM.S.SET CC.S] .MM_S_SETJ).First j 
while REC_MM 5 «/« none do begin 

MM 537- REC MM 5.MN MCH 5Y5; 
if UR6_MRX 7 MM_53.UR6ENCY..C0RR and MM_S3.RPPLICRBLE then begin 

MM_52:- MM_53; I only one min_s is chosen fro* a set; 
UR6_MRX:« MM_53.URGENr.Y_C0RR; 

end; 
REC.MM.5:- RFC„MM_5.Sue-

end; 
MM.S J O rC„5):- MM_52; 

end tt of selecting combinations; 

Table 5.12 Procedure STOP-START-OPRTNS of class URGENCY-DCSN. 

procedure 5T0P_STRRT_0PRTN5; I •- ; 
begin trailed in dynamic; 

integer array GRN6 0EC5N MtfiRNGS); 
MM_5_SELECT:« false? 
for 14:* 1 step 1 until MM 5 5ET5 do begin 

i f MM 5 OLD ri4) • / • MM_5JO 114] or MCH_FLR_5T0P then begin 
if MM 5 OLD 114) «/« none then MM..S..0LD (I4).5TOP_fORK_C • ; Igangs have a dummy..; 
i f MM~s"NEi 114) «/« none then MM_S_NEi lI4).5TRRT_i0RK.C ; I . .v ir tual procedure; 
J:« if MM_5_0LD 114] «"/• none then MM_S_0LD U41.6N6S e l se 0; 
fur fi:« 1 step 1 unti l J do 
GONG DEC5N [MM 5 OLD II4J.RQRD 6N6 t6)):« STOP; I stop; 
J:« if MM.S.NEi 114) «/« none then MM_5J€i II4).GNG5 e l se 0; 
for 6:« 1 step 1 unti l J do 
GRN6 DEC5N IMM 5 NEI (I4).RQRDJ3N6 [611:* 
6RN6~DEC5N [MM'sltEl H4).R0RD_6Nfi 16)1 • START; l ( s top)#start; 
J:« i f MM_5_QLD CI4) • / • none then MM_5_0LD II4).GN65 e l se 0; 
for 6:« 1 step 1 unt i l J do 
i f RRN6 DECSN (MM 5 OLD [I41.RQRD.GN6 (6)) « STOP 
or GRN6"[MM S 0LD~II4).RQRD BNG IG)).FRILURE_E then 
GRN6 (MM_5jkD CI4).RGRD_6N6 (G)).0PRTN_G.5T0P„0PRTN.; l-> stup_«orl<_g; 

end; 
J:« if MM_5J€I (14) «/« none then MM_5_NEi (I41.GN65 e l se 0; 
fur fi:« 1 step 1 unti l J do 
6RH6 CMM.SJ€i [I4).RQRDJ>NG (r)]).OPRTN_J3.5TRRTJ)PRTN_; l-> start.work^g; 
| " Inu effect i f already started; 
MM_5_SELECT:« MM_S_SELECT or MM_5_NEI (14) */« none; 

end; 
end; 

produced by the man-machine systems MM-S-NEW selected in the prece­
ding sets. 

After deriving the corrected urgency and the applicability of gangs and 
combinations within a set, the man machine system is selected with the max­
imum urgency from the applicable systems. The selected one is referred to 
by MM-S-NEW [ ] (Table 5.11). 

The selection results in stopping and starting of operations, Table 5.12. 
For each set the previous selected system, MM-S-OLD, and the selected 
one MM-S-NEW are compared. If they are different or a failure occurred 
then STOP-WORK-C- and START-WORK-C- are called in combinations 
(in gangs they are virtual dummy procedures) to change the state (Table 
4.72). Later it checks which gangs have to be stopped, or started or remain 
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unchanged (i.e. STOP and START). The last situation avoids an unneces­
sary stop and start and the related set-up of a gang. The operations are 
stopped by calling STOP-OPRTN-, that in its turn calls STOP-WORK-G 
(Tables 4.92 and 4.70) and started by START-OPRTN-, that calls START-
WORK-G (Tables 4.86 and 4.69) to change the state of the gang. START-
OPRTN- is called for each operation selected and has no effect if it was al­
ready started (STATE not PASSIVE). MM-S-SELECT becomes true if any 
man-machine system is selected. 

5.1.3 Administration and messages: output 

Class ADMINISTRATOR of the base model, Table 5.13, is not described 
there because it only contains two 'virtual' procedures to request at appro­
priate moments and points in the program the updating of output data. Sub­
class ADMINISTRATION extends this definition by defining procedures to 
record data and to write data. Table 5.14 shows the declaration of variables. 

Table 5.13 Class ADMINISTRATOR and its virtual procedures. 

C0HP0NENT rlass RDMINI5TRRT0R; 
virtual: procedure PERDJ3UT_M_, DISPLRYJJRTR_; 
begin 

I d e c I a 

| i i i t i i i i i i i i i i i i i : i i i i i : t i t i i i i t < n i i i t i ! 

n: 

end; 

procedure PERD.0UT.M_ (PJOj ref (PRQCES5ED.MRT) P.Mjj 
procedure DI5PLRYJ)RTR_;. 

Table 5.14 Class ADMINISTRATION and its declaration of variables. 

ADMINISTRATOR rlass RDMINISTRRTION; 
begin 

I d e e 

l i t i i n i i i i i i i i i t i i i i t i i i i i i i i i i i i i i i o " ! 

I n 

integer 
15,'ST, H, 0 , HR, HR_PREV, LT.HR; 
real array 
C05T5_CAT6RY (1 :51 ; Icategories of w n , «ach 
real 
ONT, LTJJISPLRYj 
boolean 
ERCH.PERIOD, PER0J3UT, DI5PLRY; 
text array 
5TRTE TEXT H M:HRTRL5 PROCJ, 5TRTE_TEXTJ) M:0PRTNSlj 
ref (Printfile) REPORT.PEROj 
ref (Head) PLOT Q; 
ref (PLOT RDHIN) PLOT; 

, gangs, operations, materials resp.; 

Table 5.15 Procedure SHIFT-CHNGE- of class ADMINISTRATION. 

IraI led in sh_prd; 
procedure 5HIFT.CHN6E.; I 
begin 

if RVLB COMP then PERD 0UT:» truej 
RVLB COMP PR:« RVLB r.QMP; 
if SH PRO"*/* none then RVLB r.OMP:* 5H PRO.RVLB PRO; 
if not EN0.SERS0H then reactivate this~RDMINI5TRRTIQN at Tine; 

end; 
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Table 5.15 shows SHIFT-CHNGE- that controls the availability when a pe­
riod begins; note that SH-WK, shifts in a week, has no influence on the 
availability of this component. It activates the dynamic part that will use 
PERD-OUT to write the data of the preceding period. 

The recording of data is performed (i) frequently (required by decision) 
to have each half hour of the day the state of materials and operations and 
(ii) daily to produce daily and periodical output on costs and use of compo­
nents. Table 5.16 shows procedure DISPLAY-DATA- that is called in 
many cases to record for each half hour the state of materials and operations 
by '+',<-' and ' ' when STATE = RUN, PASSIVE and DOWN respectively 
(Table 5.19). Procedure DAILY-DATA, Table 5.17, is used to update the 
accumulation of time and costs of each component and to record the costs 
per category of components: (1) men, (2) machines, (3) gangs, (4) opera­
tions and (5) materials. The sum of the costs of men and machines are equal 
to the costs of the gangs and to the costs of operations. The additional daily 
calculations ('tasks') performed are: (i) reset the set-up duration of a gang 
at the duration for the first time on a day; (ii) update the quantity processed 
of materials (by calling PROCESS-MAT); (ill) add to the timeliness costs 
after the season the maximum value of the timeliness loss of the remaining 
area; (iv) request the display output or write the current day number on a 
terminal; (v) write that the end of a period has been reached. 

Table 5.16 Procedure DISPLAY-DATA of class ADMINISTRATION. 

procedure DI5PLAYJ)ATA_; I ; 
if DISPLAY then begin Icalled in weather, decision, ddily_ddt«; 

integer H; lshift_perd, shift_week, updt jnanjnr.h, server epr, *at.consumptn_a; 
H0UR_PT TIME; " " Igives hour; 
HR:«~2.0 * HOUR; 
if HR « 0 and IT HR < 48 then HR:« 48; 
if HR > HR PREV i"nd LT OISPLPY < Time - 1.0&-4 then begin 

fur M:I 1 st*p 1 until HPTRL5 PROC do 
if MPTRL IMKSTPTE « PR55IVE 
then begin 

for H:« HR_PREV*1 step 1 until HR do STPTE.TEXTJl [MLPutchnr (•-•), 
end 
else if MPTRL tMJ.STRTE * RUN 
then begin 

for H:« HRJ»REV*1 step 1 until HR do STRTE_TEXT_M [MJ.Putchar ('•'); 
end 
else STATE TEXT M (M).Setpos (HR • 1); 
for 0:« 1 step T until 0PRTN5 do 
if OPRTN 101.STATE « PP55IVE 
then begin 

for H:« HR_PREV*1 step 1 until HR do STRTE_TEXT_0 [Ol.Putchnr ('-'); 
end 
else if OPRTN [0J.STATE * RUN 
then begin 

for H:» HR_PREV*1 step 1 until HR dn STATE.TEXTJ) fOl.PutrharC'••); 
end 
else 5TATE_TEXTJ) TOJ.Setpos (HR • 1 ) ; 

end; 
LTJJISPLAY:* Time; 
LT_HR:« HR; 
i f HR * 48 then HR:« 0; 
HRJ»REV:« HR; 

end; 
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Table 5.17 Procedure DAILY-DATA of class ADMINISTRATION. 

procedure DPILY.J3RTR; I — - - - - - - - - - j 
if RVLB COMP ur~RVLB COMP PR then begin (railed in dynamic; 

for I5:« 1 step 1 until 5 do COSTS.CRTGRY C151:« 0.0; 
for 15:» 1 step 1 until MANN do begin 

HON r15).TIME C RCCUM; 
C05T5_CRT6RY 7l):« C05T5_CRT6RY (1) • HON (I51.C05TSJ!RDEi 

tnd; 
for I5:> 1 step 1 until MRCHNS do begin 

MRCH 115J.TIME C RCCUM; 
COSTS.CRTfiRY (2)7* CQSTS.CRTGRY (21 • MRCH (I51.CQST5J4RDF.; 

end; 
for I5:« 1 step 1 until MN.MCH.5Y5TM5 do 
inspect MM S (151 du begin 

TIME C~RCCUM; 
if 15 <» 6RMG5 then COSTS CRT6RY (3):* COSTS CRT6RY (3) • COSTS MADE; 
if 15 <• 6RN6S then 6RN6(I5).5ETUPJiNG:« 6RN6(I5).5ETUP1; 

end; 
for 15:* 1 step 1 until 0PRTN5 da begin 

OPRTN (15).TIME C RCCUM; 
COStSJ!PT6RY (4):* COSTS J*RTGRY (4) • OPRTN (IS).C0ST5.MRDE; 

end) 
ENDED PR0C5:* true; 
for I5:« 1 step 1 until MRTRLS PROC do 
inspect MRTRL PRC (15) du begin 

if PRQCE55IN6 then PROCESS MPT; 
if fTHR.ENDED DPTR then 
COSTS TMLN55:* COSTS TMLN55 • BURNT RVLBL * PRICE HP t LOSS MULT; 
CQ5T5~MflDE:« C0ST5 TMLNS5; 
ENDED~PROCS:« ENDED PR0C5 and not RVLBL; 
TIME C RCCUM; 
CQST5_CRT6RY (5):« COSTS.CRTGRY (5) • C05T5.MRDE; 

end; 
inspect REPORT PERD do beyin 

Outimage; Outint (DRYS NMB, 4 ) ; Outtext (' Quant avla); 5etpos(14); 
for I5:« 1 step 1 until MRTRLS do 
Outfix(MRTRL (I5).GURNT_RVLBL,2,13);0utii«agej 
Outtext (' Quant_prncsd'); Setpos (14); 
for I5:» 1 stnp 1 until MRTRLS do Outfix (MRTRL (15).QURNTJ»RQC5D,2,13); 
Outinage; 

end; 
PLOT:- new PLOT.RDMIN; i f RVLB.COMP then PLOT.Into (PLQTJH; 
inspect PLOT da begin 

for 15:« 1 step 1 until MRTRLS PROC do QURNT M (15):« MRTRL (IS).QURNT PROCSO; 
for I5:« 1,2,3,4,5 do COSTS CUM II5):« i:0ST5~CRT6RY (15); 
COSTS CUM (6):« C05T5 CRT6RY (3) • C05T5 CRT6RY (5); 
DRY NMB:* DRYS NMB; 
DRYJP:* DRY.TYPE.NOI; 

end; 
if DISPLRY then begin 

DISPLAY DPTR ; 
DI5PLRY.0UTPUT; 

end else 
begin 

Outtext (DRY TXT3 (DRY TYPE NO!)); Outtext (' ' ) ; 
ORTE FROM DRYNO (DRYS NMB); Outtext (MNTH DT6); 
Outint (DRYS„NMB,4); Outtext (' ! ' ) ; Breakouti»age; 

end; 
if PERD OUT and SH PRO */« none then begin 

Outiaage; Setpos (119); Outtext ('end period'); Outint (SH_PRO.PERD - 1, 2 ) ; Outinage; 
end; 

end; 

Writing data is the purpose of the following procedures. Table 5.18, DIS­
PLAY-OUTPUT, writes daily (if required: DISPLAY = true) a heading, 
one line for each material and operation with its name, the area processed 
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Table 5.18 Procedure DISPLAY-OUTPUT of class ADMINISTRATION. 

procedure DISPLRYJJUTPUT; 1 
b*gin (called in daily data; 

Outtext (DPY TXT3 (DRY TYPE NOi]); Setpus (5); 
DRTE.FROM DRYNO (DRYSJWB); Out text (MNTH DTB); Outint (WTHR.YERR, 6 ) ; 
Setpus (Pus • 10); Outtext (' Tine • • ) ; Outint (DRYSJJMB, 6 ) ; 
Outtext (' Clock vs state: ••run, -'passive'); Out image; 
Outtext 
(•Naws Prea [hakumCustsJ 1 2 3 4 5 6 718 910 12.' 14 16 18? 20 22.' 24."); 
Ou tillage; 
fur M:« 1 step 1 until MRTRL5_PR0r do inspect MRTRL PRC IM) du begin 

Outtext (NRME12); Outfix (QURNT PROCSD - QNT DRY PR M, 2,6); 
Outfix (QURNT PR0C50, 1,6); Outfix (C05T5 HRDE, 0,6); 
Outtext (STRTE TEXT H [HI); Out image; 
5TRTE TEXT M (Ml:- Copy (' : I J : {•). 
ONT.DRY.PR_M:. GURNT.PROCSD; 

end; Out image; 
fnr 0:« 1 step 1 until OPRTNS do inspect OPRTN (01 do begin 

Outtext (NRME12); 
if 0(« OPRTNS.HT then begin 

inspect OPR MflnOJ do begin 
Outfix (QURNT PRC OPR - QNT DRY.PR 0. 2,6); Outfix (QURNT PRC OPR, 1,6); 
QNTJ)RY_PRJ):* QURNT.PRC.OPR; 

end; 
end else Setpos (Pos*12); 
Outfix (6RN6 6.COSTS MRDE, 0,6); Outtext (STRTE TEXT 0 (01); Outimage; 
STATE_TEXTjf(01:- Copy (STRTE_TEXT_M(D); 

end; Out image; 
Outtext ('Cum.costs: (men • machines * operations) • materials -->TQTRL costs'); 
Out image; 
Outtext (DRY TXT3 [DRY TYPE NOtJ); Setpos (5); Outtext (MNTH DT6); 
Outfix (COSTS CRT6RY M l , oTB); Outfix (C0ST5.CRT6RY (2J, 0,11); 
Outfix (C05T5~CRTGRY (31, 0,13); Outfix (C05T5_CRT6RY (51, 0,15); 
Outfix (C0ST5_CRT6RY 13) • COSTS.fRTGRY IS), 0,15); Outimage; 
Outtext ('* « « « « x « x * « a * a * • ) ; Out image; 

end; 

(this day and cumulative), the costs made and the state at each half hour of 
the day and finally the costs of the men, machines, gangs, materials and in 
total. An example of the output is shown in Table 5.19 for the wheat har-

Table 5.19 Output for a display terminal as given by procedure DISPLAY-OUTPUT. 

Hon Rug 13 1362 
Nnrnes P 
•heat (winte 
Straw swath 
Bales in fie 
Bales on tra 
Stubble fiet 
•etgrain in 

2 men Combin 
1 man Combin 

Bale loading 
Bale ywtheri 
Bale unluadi 
1 Ploughing. 
2 Ploughing. 
Grain drying 
2 men Servic 
1 man Servir 

tea (ha)cumCnsts! 
11.31 
4.00 
3.48 
0.00 
0.00 
2.46 

6.60 
4.51 
4.00 
3.48 
0.00 
0.00 
0.00 
0.00 
2.46 

21.7 
12.6 
11.8 
8.3 
0.6 

12.2 

7.4 
14.3 
12.6 
11.8 
0.0 
8.3 
0.6 
0.0 

12.2 

713 
33 
72 

0 
0 
0 

102 
135 
43 
47 

0 
19 
0 
0 

379 
36 

0 

Time * 225 Clock vs state: *«run, -*passive 
1 2 3 4 5 6 7!8 910 12? 14 16 18! 20 22! 24 

••••••••••••••••••••-••••••••• 

••••••• 

. • *f*4 ---•• 

•••••••••••••••••••••••••• 

•••••••• : . ••••••• 
-•••••••••••• — - - - - • • 

••••••••• — 
•-- • • • • — •• 

•••••••••••••••••••••••ft* 

Cum.costs: (men • machines * operations) • materials 
Hon Rug 13 383 379 762 878 

>T0TRL costs 
1640 
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vesting on August 13, 1962. This output is printed on a terminal or on a 
screen but does not move the cursor on a screen to update data during the 
simulation. 

The periodical output is required at the end of each period (if available 
AVLB-COMP; Table 5.15) and at the end of the season. Table 5.20 shows 
that it calls only one procedure, CUM-USE-COSTS, Table 5.21, to write 
the cumulative use and costs of components. That procedure calls on its turn 
for each component USE-COSTS, Table 5.22 that writes the name, the time 
used during the states RUN, PASSIVE and DOWN, the costs and the over­
time. Additional output concerns: (i) the heading; (ii) the costs per category 
of components, such as men, machines, gangs, operations and materials; 
(iii) the service and repair time of machines; (iv) the set-up time of gangs; 
(v) the quantity not processed by operations due to material shortage and 

Table 5.20 Procedure PERD-OUTPUT of class ADMINISTRATION. 
procedure PERD OUTPUT; I---- .... .... .... ..... 
if (PERD OUT and ERCH PERIOD) ur trailed in dynamic; 
END SEASON then begin 

~CUMJJSE_C05TSj 
PERDJ3UT:* false; Iset to true in shift_chnge_ of material; 

end else~PERDJ)UT:« false; 

Table 5.21 Procedure CUM-USE-COSTS of class ADMINISTRATION. 

procedure CUM_U5E_C05T5; I ---- ----. 
inspect REPORT PERD do begin (called in perd output; 

Eject(l); Outtext (EXPER.IDF); Outi•dye; Outint (iTHR.YERR,4); Outint (YR_N,4)j Setposd3); 
OuttextCtitle Ti»e Ih):run,passive,down, Cnsts:cu«/catg'); 
OuttextC* Runtnlh) ' ) ; OuttextC until'); 
OutfixHINE YR.1,6); OuttextC.at date'); OutintCDQYS NMB.4); 0uti«age; 
for IS:* 1 step 1 until MRNN do USE COSTS (MPN (IS)); 
Outfix (C0STS.CPT6RY [11 ,0 ,6 ) ; 0uti«age; SetpusdOS); Outtext C'Service.Repair J l h J ' ) ; 
for 15:* 1 step 1 until MRCHN5 do begin 

USE.COSTS (HflrH CIS)); 
Setpns (10S); 
inspect NPCH (15) do begin 

Outfix (SERVICETIME.2,9); Outfix (R£PPIRTIME,2,9); 
end; 

end; 
Setpns(6S); Outfix (COSTS CRT6RY (2),0,6); Outinwge; 
SetposdOS); Out text ('setup-time (h)'); 
for IS:* 1 step 1 until MN MCH SYSTNS do if MM 5 (IS) */* nune then begin 

US€ COSTS (MM 5 II5));~if 15 « 6PNB5 then Outfix (C05T5 CRTfiRY C3),0,6); 
SetposdOS); if 15 <* 6RN65 then 0utfix(6RN6 115) .SETUPTIME.2,9); 

end; 0utia«tge; SetposdOS); Outtext('i|_not_/&q_processed(ha]'); 
for 15:* 1 step 1 until OPRTNS do begin 

USE COSTS (OPRTN (15)); 
SetposdOS); if IS <* OPRTNS MT then Outfix (OPR MPT (IS).QNT NOT PROC.4,8); 
if 15 <« OPRTNS JIT then Outfix (OPRJIPT (ISl.OURNT.PRC.OPR^JO);" 

end; 
Setpns (65); Outfix (COSTS JIPT6RY [41,0,6); Outinage; 
Setpos (SO); Outtext ('Processed,Available,Qnt_dumm,Qnt_dltdtha]' ); 
for I5:« 1 step 1 until MPTRLS do begin 

USE COSTS (MPTRL (151); 
if 15 * MPTRL5.PR0C then Outfix (rOSTS CRT6RY (5),0,6); 
Setpos (90); Outfix (MPTRL 115).BURNT PROCSD.2,9); Outfix (MPTRL (IS).QUPNT PVLBL,2,9)j 
Outfix (MPTRL(15).0NT_PRCJMJMM,4,9); Outfix (MPTRLII5).QNT.DLTD,4,9); 

end; 
Oti ti wage; 

end inspect report; 
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the actual quantity processed; (vi) quantities (= area) of material proc­
essed, still available, in shortage (Table 4.30) and deleted if no fields are 
available (Table 4.31). Table 5.23 shows an example from the wheat har­
vesting at the end of day number 252 (harvesting completed for 60 ha). An 
annual summary of costs is also presented together with a list of values of 
the random number generator drivers used in the machines for failure, re­
pair and service (such a list is also presented at the beginning of an experi­
ment). Figure 5.1 shows the files used to read the input data and a print of 
the cumulative quantities that are processed and the costs made until a 
given date. The costs of gangs and of operations are not always equal be­
cause the costs of the drying operation may not yet be updated at 24:00. 

The dynamic section of the administration object is shown in Table 5.24. 
It consists of a part repeated daily until the end of the season and a part at 
the end of the season (writing costs per category of components); both are 
repeated until all the seasons are passed and the end of the experiment is 
achieved. When more processes are scheduled at the same moment, then 
this object is placed at the end (reactivate ... at Time) otherwise it calls DA­
ILY-DATA, PERD-OUTPUT and Hold for one day. At the end of the sea­
son an annual summary is produced (Tables 5.23 and 5.27) and a plot like 
Figures 5.1 and 6.1 is produced by procedure YRLY-PLOT, Table 5.25. 

In the initial section of the execution of statements a conversation is used 
to show if the use of components is reported each period or only at the end 
of the season: EACH-PERIOD := true or false when the answer is 'yes' or 
'no'. Each answer not equal to 'yes' means 'no', even 'YES'. Table 5.26 
shows the statements. The use of the display is controlled by DISPLAY 
(true or false). Table 5.27 shows the conversation on the terminal em­
bedded in the output during the execution of the program for the wheat har­
vesting of 1962. This output concerns the messages from the program; those 
from the DEC-10 computer system are not shown. The system messages oc­
cur when the file defining the experiment (Section 5.2 'Set-up of experi­
ments: input') could not be found (a new file is requested). The program 
messages inform the user about the stage of the execution such as Setup ...; 
Setup of experiment completed ...; Experiment continues ...; Simulation 

Table 5.22 Procedure USE-COSTS of class ADMINISTRATION. 

procedure USE COSTS (C0MP2); • T " : 

ref (COMPONENT) CQMP2; trailed in cumjisej-osts; 
inspect C0MP2 do 
inspect REPQRT_PERD do begin 

Out image; 
Outtext (NOME rOMP); Setpos (29); _ „ , « « * , 
for 5T:» RUN,~PR55IVE, DOiN do Outf ix CTIMEJJ5ED [ S T J * 2 4 . 0 , 0 , 6 ) ; 
Setpos (Pus • 6); 
Outfix (r.0ST5.H«DE,2,9); 
if SH IK «/• none then begin 

5etpus(70); Outfix (T_RUN_0VERTMt24.0,1,10); Outtext (' overtime ); 
end; Setpos(65); 

'nd of output of component; 
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Table 5.24 Dynamic section of class ADMINISTRATION. 

I d y n a m i c; 

while not END EXPRHNT du begin 
! s t a r t ; 
while not END SEP50N do 
if Nextev.Evtime * Tim? then reactivate this ADMINISTRATION at Ti«e 
! I delayed until other processes at same woment are executed; 
else begin 

DRY5 NMB:« Entier (TIMEJTR • 1.04-4); Idays.nmb at 24h00 » past day; 
DRY TrPE N0i:« Mod (DAY IP URN • DAYS NMB - 2, 7) • 1; 
DRILY DRTRJ 

END SERS0N:« 
(ENDED PR0C5 and 5H PRD.PERD END (5H PRD.PERD - 11 « DAYS NHB) or KTHR.ENDED DRTR; 
PERD OUTPUT; 
RVIB COMP PR:« false; 
if not END SEASON then begin 

if RVLB.COMP then Holdd.O) 
else Passivatn; lactivated in sh_prd; 

end; 
end of while not end_nf_seasonj 

I s e a s o n f i n i s h e d ; 

if ENO SERSON then begin 
ref (Printfile) SUMMRRY_TXT; 

procedure YRLY_5UWMRRY; I ---- - — . 
inspect 5UMMRRY_TXT do begin 

Out image; 
Outtext ('Year'); Outint CiTHR.YERR.6); Outtext (' Nn.'); Outint (YR.N.6); 
Out text (' Rnnual Sundry of Results.'); Out image; 
for I5:« 1 step 1 until MRTRL5 PROC do 
if MRTRLII51.QURNT RVLBL ) 1.0&-4 then begin 

Outtext (HRTRL?I5).NRME COMP); Outtext (' still available'); 
Outfix (MRTRl(I5).0URNTJWLBL,6,12); Outtext (' (ha)'); Outimage; 

end; Out image; 
Outtext (Turn.costs: (men • machines > operations) • materials -->T0TRL costs'); 
Out image; 
Outtext (DRY TXT3 (DRY TYPE NO!)); Setpns (5); Outtext CMNTH 0T6); 
Outfix (COSTS CRT6RY (T), O T B ) ; Outfix (COSTS CRT6RY (2), 0.11); 
Outfix (COSTS CRTGRY (3), 0,13); Outfix (COSTS CRT6RY (5), 0,15); 
Outfix (COSTS TRTBRY (3) • COSTS CRTBRY (5), 0,15); Outimage; Outimage; 
for 15:> 1 step 1 until MflTRLS PROC du 
if MRTRL (15).COSTS MRDE > 0.0 then begin 

Outtext (MflTRL(I5).NR«E„C0«P); Outtext (' Timeliness losses are: Dfl.'); 
Outfix (MRTRL(I5).C0STS_HRDE,6,12); Outimage; 

end; 
end; 

for SUMMRRY TXT:- REPORT PERD, Sysout do YRLY SUMMRRY; 
REPORT PERDTEjectd); 
YRLY.PL0T; 

Passivate; Iwait until new season, then activated by sh_prd; 
end; 

end St of season and of experiment; 

completed (Table 5.27) or are related to the generation of combinations 
(Table 4.79). For reference purposes a code 'EXAMPLE' is used with addi­
tional information about the experiment, the date of running and the clock-
time; this line is written on the terminal as well as on the output files. A user 
can meet messages that are sent as warnings or errors in the program, Ta­
bles 4.30 and 4.31 (consumption of material), 4.69 (assembling men and 
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Table 5.25 Procedure YRLY-PLOT of class ADMINISTRATION and Class PLOT-AD­
MIN. 

procedure YRLY_PL0T; I 
inspect REPORT~PERD do begin Icalled in dynamic if end season; 

Outtext (EXPER IDF); Outimage; 
Outtext ('Files used in input: • ) ; for 15:* 0,1,2,3,4 da begin 
Setpns (Pos • 5); Outtext (INFILE TXT10 (I5J); end; 
Setpos (Pos • 5); Outtext (WTHR.DRTRFILE); Outimage; Outimage; 
Outtext ('GURNTITIES and C05T5 vs. TIME in year:'); Outint (»THR.YERR,6); 
Out image; Out image; 
Outtext ('Date Day QUANTITY processed thai / ' ) ; 
GNT:« MRTRL.PRC M).QURNT_flRRVD; lassumed that matrlMl starts with max.; 
Setpos (43); Outtext ('Quantity expected'); 
Outfix (QNT, 0,4); Outtext (' Iha)'); Setpos (80); 
Outtext C C05T5 of Operations, Crops, Total DRY'); Outimage; 
Outtext (' number'); Setpos (80); 
Outtext ('( Men • Marh. * 6angs * Oper. ) • Mat. « sum number'); Outimage; 
Out image; Outimage; 
Setpos(13); for M:« 1,2,3,4,5 do OuttextC 246802468'); Outtext (' (I)'); Outimage; 
Setpos(21); for M:« 1,2,3,4,5 do begin 

OutinUM t 20,3); 5etpos(Pos*7); 
end; Outimage; 
Setpos (13); OuttextC . " ) ; for M:« 1,2,3,4,5 do Outtext (' ! ' ) ; Outimage; 
PLOT:- PLOT 0.First; if PLOT «/* none then DOTE FROM DRYN0 (PLOT.DAYJIMB); 
Outtext (MNTHJJT6); Setpos (1); 
while PLOT «/« none do inspect PLOT do begin 

if DRYJJMB « Entier (DRY NMB/10) t 10 or Sue «« none then begin 
DRTE_FR0M_DRYN0 (DRY~NMB); Outtext (MNTHJJT6); 

end else Setpos (7); 
Outint (DRY_NMB,6); Setpos (13); Outtext (':'); 
if DOY NMB * Entier (DRY NMB/10) t 10 then begin 

for M:« 1,2,3,4,5 do~0uttext (' !*) 
end else for M:« 1,2,3,4,5 do Outtext C : * ) ; 
for M:« 1 step 1 until MRTRL5 PR0C do begin 

Setpus (13 • QURNT M (M) t 50.0 / QNT); 
if Pos > 13 and M 7« 9 then Outint (M,1) else if Pos > 13 then 0utchar(Char(M*55)); 

end; Setpos(66); OuttexU DRY TXT3 (DRY TPJ); Setpos 177); 
for M:« 1 step 1 until 6 du Outfix (C05T5 CUM (MJ,0,B); Outint (DRY_NMB,6); Outimage; 
PLOT:- PLOT.Sue; 

end; Outimage; Outimage; 
PL0TJJ.Clear; 
for M:« 1 step 1 until MRTRL5 PR0C do begin 

5etpos (14); if M <« 3 then Outint (M,4) else Outchar ( Char (M*55)); Outtext (' * ' ) ; 
Outtext (MflTRL tM].NRME.C0MP); Outimage; 

end; Eject(1); 
*nd inspect; 

Unk class PL0T.RDMIN; 
begin 

integer DRY NMB, DRY TP; 
real array COSTS CUM~M:6); 
integer array QURNT M (1:MRTRL5 PROD; 

end; 

| i i i : : i i t : i « t t i i t i t i : i : : : i : i : i t t t : t ij 

I * 
I ; 
I ; 

Table 5.26 Initial section of class ADMINISTRATION. 
I; 

Outimage; 
Outtext ('Do you want disk files to record: . . . ' ) ; Outimage; 
Outtext ('- use of components each period? (yes or no« at end of season only): ); 
Outimage; Last item; 
ERCHJ»ERIQD:« YES « Intext (3); ,. ., , n .. . ,, .. _ .. 
Outtext (' You said: ' ) ; if ERCH PERIOD then Outtext ('yes') else Outtext ('no'); Outimage; 
Outtext ('Do you want display nutpJt of materials and operations? (yes or no):'); 
0uti**ge; Lastitem; 
DISPLRY:. Intext (3) » YES; 
Outtext (• You said: ' ) ; if DISPLAY then Outtext ('yes') else Outtext Cnn ); Outimage; 
REPORT PERD:- new Printfile ('period.Ipt /R:append'); 
REP0RT>ERD.0pen (Blanks (132)); 
PLOT^Q:- new Head; 

Passivate; (wait until materials exist; 

'or M:« 1 step 1 until MRTRLS PR0C do STRTE_TEXT_M (M):- Copy (Blanks(48)); 
for 0:« 1 step.1 until OPRTNS'do STRTE.TEXTJ) CO):- Copy (Blanks(48)); 
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machines), 4.79 (generating combinations), 4.109 and 4.110 (transfor­
mation of dates) and 5.28 (search of keyword in file). The program execu­
tion was not interrupted by causing a runtime error; afterwards SIMDDT 
can be used to find more about the situation resulting in such a message 
(Section 7.3.2). 

5.2 Set-up of experiments: input 

The second part of the experimental frame is the main program that uses 
files to set up a number of experiments, to create the experiment and all the 
objects required with their initial values and to simulate a number of sea­
sons per experiment. 

The declaration of the main program is shown in Table 5.28 and concerns 
references to inputfiles, text variables to identify an experiment in terminal 
and line printer output and a procedure KEYWORD (T) that reads line af­
ter line in an inputfile PAR to find text T as the first text on that line (skips 
blanks and tabs). The dynamic section of the main program is preceded by 
asking the name of the input file (Table 5.35) with reference EXP-FILES 
that contains for each experiment the names of the four files with data re­
lated to objects and a number (1,...) of files with seasonal weather data and 
material properties. Table 5.29 shows that this file is used as long as Endfile 
is false to find : 

Table 5.28 Main program; declaration of variables and procedure KEYWORD. 
b*gin Imain program; |«««««««««i««»™«i«« •••••••••••••*j 

I d e r. I a r a t i o n; 
I t of simulation; 

integer ' ""' 
I. C.N; 
ref (Infile) I 
EXP.FILES, ENVR_EXP, M_M_SY5, MflTRLJJATR, INIT_FIELD5, PRR; 
text array ' " 
INF TXT 10:4); 
text I 
EXP.IDENTIF, EXP_I_T0DRY, EXP.IJWYT, EXP.CODE, EXP_F.TXT; 

procedure KEY10RD (T); ' ! ., J . •' 
value T; text T- IcalUd in init_exper, dynamic; 
inspect PAR do begin 

text JT; 
JT:- Blanks (T.Length); 
while JT <> T and not Endfile do begin 

Inimage; Lastitem; Ikeyword expected as first word on a line; 
if Image.length >« T.Length then JT:« Intext (T.Length); 

end; 
if Endfile then begin 

Out image; , .. _ .. . ,T, 
Outtext ('Error : End nf file found while scanning for • ) ; Outtext IT); 
Outtext (' as first word on a line in an input file.'); Outimage; 

end; 
I otherwise keywurd fuund; 

end; 
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Table 5.29 Dynamic section of main program; simulation of experiments. 

Outtext C«o5etup uf simulation; run at ' ) ; Outtext CTODAY); Outtext (' ' ) ; 
Outtext (DOYTIME); Outimage; 
Out image; 
Outtext ("Which file contains the names of files defining the experiments?')} Outimage; 
Inimage; EXP F TXT:- Intext (20); 
INF TXT 10):- EXP F TXT.Sub (1, IMINM2, EXP F TXT.l.ength)); 
EXP FILES:- new Infile (EXP F TXT); 
EXP.FILES.Open (Blanks (132))7 

Id y " * m i c of simulation of experiments; 

inspect E X P I R E S do 
while not Endfile du begin (file names expected as first name on line (exactly 10 char.); 

PRR:- EXP FILES; 
KEY10RD CEXPERIHENT'); 
Out image; 
Outtext C**--)Experiment starts'); Out image; 
Setpns (1); EXP_IDENTIF:« Intext (30); 
Outtext ('Give code nf experiment in <« 14 char., please:'); Outimage; 
Sysin.Inimage; 
EXP C0DE:« Sysin.Intext (20); 
EXP I T0DPY:« T0DQY; EXP I DflYT:« DAYTIME; 
OutText (EXP IDENTIF); Outimage; 
Inimage; Lastitem; INF.TXT (1):- Intext (12); 
ENVR EXP:- new Infile (INF TXT M J ) ; (environment of experiment; 
Inimage; Lastitem; INF T X M 2 1 : - Intext (12); 
M M SY5:- new Infile (INF TXT (21); Iman machine system; 
Inimage; Lastitem; INF TXT (31:- Intext (12); 
MflTRL DOTO:- new Infile (INF TXT (31); (materials; 
Inimage; Lastitem; INF TXT (4):- Intext (12); 
INIT_FIELD5:- new InfiFe (INF_TXT (4J); (initial fields at start uf season; 

(i) the keyword 'EXPERIMENT (capital letters!); this line from Table 
5.35 is used to identify the experiment, along with a date, clocktime 
and a code of about 14 characters (Tables 5.23 and 5.27); 

(ii) four names of files (in exactly 12 characters giving a filename and the 
extension; after a name with less than 12 significant characters blanks 
(no tabs) are used) referenced by: 

- ENVR-EXP the environment of the experiment; 
- M-M-SYS the men, machines, gangs, combinations and operations; 
- MATRL-DATA the materials; 
- INIT-FIELDS the fields of the initial materials. 

The description in the following sections concerns (1) the creation of ob­
jects, (2) the initialization of the base model and the objects, (3) the use of 
several seasons and (4) the restraints on input data. 

5.2.1 Creation of objects 

The very first object created is the experiment itself. Table 5.30 shows that 
SFOEXPERIMENT and its fourteen parameters are prefixes to a block of 
statements beginning with 'begin'. The prefix is the external class SFOEX­
PERIMENT (Table 5.1); SFOBASE-MODEL and SIMULATION are pre­
fixes to class SFOEXPERIMENT. The parameters are read from file 
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Table 5.30 Creation of object of class SFOEXPERIMENT with actual parameters. 

inspect ENVR.EXP 6n begin 
external class SFOEXPERIMENT; lused as prefix for block level 4{ 

integer array 
INPT (1:14); 
integer 110; 

Open (Blanks (132)); 
PPR:- ENVR EXP; 
KEYtORD CfiENERaL DATA'); 
KEY10RD CPflRPHETERS EXP.'); 
SCRNTQ (Imaye, ' : ' ) ; 
for 110:* 1 step 1 until 14 do INPT (I10J:« Inint; 

SFOEXPERIMENT l i n n n t u t u itmuij 
(INPT 11 J, I types of man & machines; 
INPT (2), Itotat number of men (usually belonging to one type); 
INPT (3), Itotat number of machines (of all types ); 
INPT (4), Inumber of sets for combinations and gangs; 
INPT 151, Inumber of gangs; 
INPT (61, (number of combinations consisting of two or more gangs; 
INPT 17), Inumber of operations to process materials; 
INPT 181, Inumber of operations to service or repair a machine; 
INPT (9), Inumber of material initially available fields; 
INPT (10), Inumbtr uf materials processed; 
INPT (11), Inumber of materials; 
INPT (12), Itypes of shifts defining availability in a period; 
INPT (13), Itypes of shifts defining presence in a week; 
INPT (14)) Itypes of shift defining moments of calculation of urgency of material; 

begin 
I d e c I a r a t i o n ; 
I I of experiment; 

ENVR-EXP. Because of prefix SIMULATION this block of the main pro­
gram is automatically a process itself and referred to by the reference varia­
ble 'MAIN'; so use can be made of, for instance, 'Hold(.)' in this block or 
'Activate MAIN' elsewhere. This block consists of the declaration section 
(procedure creating objects), the initial statements and the dynamic section 
controlling the seasons with weather data involved in an experiment (Sec­
tion 5.2.3.). 

The creation of general objects (by: 'reference4:- new 'class-name') con­
cerns object(s) of class (Table 5.31): 
- SHIFT-PERD to control the availability of men, machines and materials 

over periods; 
- SHIFT-WEEK to control the availability of men during a week; 
- SHIFT-URG to control the urgency calculations of materials; 
- WEATHER to control the input of weather data and related material 

properties; 
- URGENCY-DCSN to control the decision making; and 
- ADMINISTRATION to control the output. 
Each object is activated just after its creation to allow the initialization (Sec­
tion 5.2.2). Such an immediate activation of an object can be achieved by, 
for instance: 
- Activate X; 
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Table 5.31 Creation of general objects of an experiment; part of procedure INIT-EXPER. 

procedure INIT_EXPER; I - — ; 
begin (railed in this dynamic; 

I (initialisation of system for an experiment; 
PRR:- PARAMETERS:- ENVR EXP; 
inspect ENVR EXP dn begin 

KEYtORO ('SHIFT PERIOD'); 
fnr I:« 1 step 1 until 5HS PERD do begin 

FIND DATA AT ('PARAMETERS PRO.'); 
5H PERD II):- new SHIFT PERD (Inint); Inumber of periods; 
activate SH.PERD til; 

end; 
KEYiORD ('SHIFT IEEK'); 
for I:« 1 step 1 until 5H5 »KLY do begin 

FINO DOTP AT ('PARAMETERS »K.'); 
SHJNCLY [IJ:- new SHIFTJfEEK (Inint.Inint,Inint,Inint); 
I Idaytypes, cost categories, shifts, perinds; 
activate SHJHCLY II) j 

end; 
SH IK MAN:- SH IKLY (1]; 
KEYIORD ('SHIFT UR6ENCY'); 
for I:* 1 step 1 until SHS UR6 du begin 

FIND DATA AT ('PARAMETERS URS.'); 
SH UR6 (I):- new SHIFT URG (Inint); Inumber of calculation points; 
activate 5H URG (I); 

end; 
WTH MAT:- iTHR:- new HEATHER; 
activate ITHR; 
DECIDE:- DECIDE UR6:- new UR6ENCY DCSN; 
activate DECIDE? 
ADMN:- ADMNSTR:-
new ADMINISTRATION ('Administration', 
5H_PERD [if SHS.PERn > 0 then 1 else 0), SHJfKtY (01); 
activate ADMNSTR; Innt counted in c-n as a component; 
Close; 

end it uf inspect environment; 

- Activate X at Time prior;. 
The input needed as actual parameters of an object and the input needed to 
initialize an object are read subsequently from the file referenced by 
ENVR-EXP. The parameters are requested by the class and all its prefix 
classes in the order of their definition: superclass parameters before class 
parameters. Keywords are used to control appropriate input lines in the file. 
The requested keyword is looked for in the file until a match or the end of 
file is found. 

The creation of objects related to the man-machine subsystem (file M-M-
SYS) concerns objects of class (Table 5.32): 
- UPDT-MAN-MCH to update the state of gangs and combinations 

according to the availability of men and machines; 
- MM-SYSTMS-SET a set to contain gangs and combinations from which 

only one can be selected in decision; 
- LABOUR the men; 
- EQUIPMENT the machines, tractors, trailers, tools, etc.; 
- MAN-MACH-SET the gangs; 
- GANG-SET the combinations; 
- OPRTN-MATRL the operations processing materials; and 
- SRVC-REPR the operations servicing and repairing machines. 
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Table 5.32 Creation of objects of the man-machine subsystem; part of procedure INIT-
EXPER. 

PRR:- PRRRMETERS:- M M_5Y5; 
inspect M H SYS do begin 

Open (Blanks (132)) j 
UPDT.MM SYS:- new UPDT MRN MCH; 
activate UPDT MM 5Y5; 
KEYiORDfSETS'OF'MRN-MRCHN.SYSTEMS'); 
FIND_DRTR_RT CPRR. LIST of SET51); Lastiten; 
for I:« 1~step 1 un t i l MM_5_5ET5 do begin 

i f Inage.Strip (> notext then begin 
MM S SET f l ) : -
new MM 5Y5TM5 SET ( Intext (24) , 5H.PERD ( I n i n t ) , 5H ilCLY [ I n i n t ) ) ; 
activate MM.S^SET ( I ) ; 
Ininage; 

end 
else begin 

Outinage; 
Outtext CR blank l ine is net as end of l i s t o f ) ; Outint ( 1 -1 ,6 ) ; 
Outtext ( ' se ts ; * ) ; Outint (MM.S.SETS.B); 
Outtext ( ' were requested (now redut e d l ) . ' ) ; Outinage; 
MM_5_5ET5:» 1 - 1 ; 

end; 
end; 
KEY10RD ('LABOUR'); 
FINDJ3RTRJW fPRR. LIST of MEN*); Lastiten; 
for I:« 1 step 1 until MRNN do begin 

if Image.Strip (> notext then begin 
COMPNT (I):- MRN (II:-
new LABOUR (Intext(24),5H.PERD (Inint),5HJHCLY (InintJ.Inint); 
I Inane,shift period.type, shift week type, category number of nan; 
activate MRN (I); lexecute initial section; 
Ininage; 

end 
else begin 

Outinage; 
Outtext ("fl blank line is net as end of list o f ) ; Outint (1-1,6); 
Outtext (' nen;«); Outint (MRNM.6); 
Outtext (' were requested (now reducedl).'); Outinage; 
MRNN:« 1 - 1 ; 

end; 
end; 
C_N:« MRNN; 
KEY10RD ('EQUIPMENT'); 
FINDJJRTR RT CPRR./DRTR LIST uf MRCHN'); Lastiten; 
for I:« Tstep 1 until MRCHNS do begin 

if Inage.Strip <> nutext then begin 
COMPNT IC N • I):- MRCH tilt-
new EQUIPMENT (Intext(24), SH_PERD (Inint), SHJMCLY (Inint), Inint); 
| (category of nachine; 
activate MRCH (I); lexecute initial section (input, defaults); 
Ininage; 

end 
else begin 

Outinage; 
Outtext C R blank line is net as end of list o f ) ; Outint (1-1,6); 
Outtext C nachines;'); Outint (MRCHNS,6); 
Outtext f were requested (now reducedl).*); Outinage; 
MRCHNS:* 1 - 1 ; 

end; 
end; 
C_N:« C.N • MRCHNS; 
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Table 5.32 (continued) 

KEYfQRO ('6RNGS'); 
FINtlJJBTflJH CPPR./DPTR LIST of GRNG5'); Lastitem; 
fur I:* 1 step 1 until GRN65 do begin 

if Image.Strip <) notext then begin 
COMPNT (C N • I ) : - KM S (II:- 6RN6 (II:- Iset of mm sys: v; 
new MONJWCH..SET (Intext(24), SH.PERD llnintl, SH.fKLY llnintl, Inint, 1); 
I Inumber of gangs «1j 
GRNG m . R Q R D 6N6 [1]:* 6RN6 III.MM 5 SQNt> I; 
activate GONG II); 
Inimage; 

end 
else begin 

0« it image; 
Outtext C O blank line is met as end of list o f * ) ; Outint (1-1,6); 
Outtext (' gangs;'); Outint (GRNG5,6); 
Outtext (' were requested (now reduced!).'); Out image; 
GPNG5:« 1 - 1 ; 

end; 
end; 
C_N:« CJJ • 6RN65; 
Outtext ('Do ynu want to generate combinations of gangs?'\t 
Outtext (' (yes or no>read from file):"); 
Outimage; Sysin.Lastitem; 
if YES * Sysin.Intext (3) then begin 

Outimage; 
Outint (C0MB5_G,6); Outtext (' $3 references are reserved!'); Outimage; 
Outtext (' If this is insufficient then revise input value nf number'); 
Outtext (' nf combinations.'); Outimage; 
COMBS 6 GENERATION; 
for I:«"1 step 1 until C0MB5_G do COMPNT CCJJ • I ) : - C0MB.fi (I); 

end 
else begin 

KEYIORO ('COMBINATIONS 6'); 
FIND DRTR PT ('PRR./DRTR LIST of COMB G ' ) ; Lastitem; 
for I:* 1 step 1 until COMBSJi do begin 

if Image.Strip (> notext then begin 
COMPNT IC N • I ) : - MM 5 IGRNG5 • I ) : - COMB 6 III:-
new GRNG_SET (Intext(24), 5H_PERDlInint), SH.iKLYlInint), Inint, Inint); 
i lname,shift,shift, set nf mm sys, number of ganys in comb.; 
activate C0MB_fi (IJ; 
Inimage; 

end 
else begin 

Outimage; 
Outtext (*P blank line is met as end of list o f ) ; Outint (1-1,6); 
Outtext (' combinations;'); Outint (COMBSJ3.6); 
Outtext (' were requested (now reducedl).'); Outimage; 
COMB5J3:* 1 - 1 ; 

end; . 
end; 

end; 
C N:« C_N • COMBSJ>; 
MNJO_5Y5TMS:« 6RN65 • COMB5J5; !updated to prevent ref «« none; 

Just after creating an object each object is activated to read from the same 
file M-M-SYS the initial data. Keywords are used in the file and the pro­
gram to mark the start of specific data; blank lines are used to mark the end 
of a list of data of objects ('Image.Strip = notext' is true for a blank line). 
This allows use of more or less input than requested; this feature is useful in 
use of the same file in another environment. 

The creation of objects belonging to the biological subsystem (file 
MATRL-DATA) concerns objects of class (Table 5.33): 
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Table 5.32 (continued, 2nd) 

KEY10RD COPERPTIONS MPTERIRL'); 
FIN0JJRTR PT CPPTP LIST of OPR MPT'); Lastitem; 
far I:. 1 step 1 until 0PRTN5J1T do begin 

if Image.Strip <) notext then begin 
COHPNT (C N • IJ:- OPRTN (I):- OPR MPT (Di­
ne* OPRTN.MPTRL (' 7 \ 5H.PERD fOJ, SH.ilCLY (0)); 
I {default vnlues; 
activate OPR.MPT IIJj 
Inimage; 

end 
else begin 

Out image; 
Outtext (»R blank line is met as end of list n f ) ; Outint (1-1,6); 
Outtext C operations mat.;1); Outint C0PRTNS.MT.6); 
Outtext (* were requested (now redticedl).'); Out image; 
0PRTN5.HT:« 1 - 1 ; 

end; 
end; 
C_N:« C N • OPRTNS MT; 
if OPRTNS 5 R > 0 then begin 

KEYIORD (•OPERPTIONS SERVICE REPAIR*); 
FIND.DPTP.RT CDRTR LIST of OPR.S.R*); Lastitem; 

end; 
for I:. 1 step 1 until 0PRTN5_5_R do begin 

if Image.Strip <> notext then begin 
COMPNT IE N • I):- OPRTN (I • OPRTNSJUJ:- 0PR.5.R (I):-
new SRVC_REPR C \ SH.PERD (0), 5HJMCLY (0J); 
I (default values; 
activate 0PR_5_R (I); 
Inimage; 

end 
else begin 

Out image; 
Outtext ('R blank line is met as end of list o f ) ; Outint (1-1,6); 
Outtext (' operations serv.&repair;•); Outint (0PRTN5_5_R,6); 
Outtext (' were requested (now reducedl).*); Outimage; 
0PRTN5_5.R:« 1 - 1 ; 

end; 
end; 
Cjl:« E N • OPRTNS 5 R; 
OPRTNS:- O P R T N S _ M T V O P R T N 5 _ 5 _ R ; 

Close; 
er*d St of inspect man Machine systems; 

~- INITIAL-MAT the materials that start each season with fields; 
- INTERMDT-MAT the materials that are delivered in the scheduling sys­

tem and are processed; 
FINAL-MAT the materials that are delivered but not processed. 

These objects (and also most objects related to the man-machine subsys­
tem) are referenced by COMPNT[.]; this will be used to initialize the sched­
uling system each season appropriately (Section 5.2.3). 
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Table 5.33 Creation of objects of the biological subsystem; part of procedure INIT-EXPER. 

PAR:- PARAMETERS:- MATRL JIATA; 
inspect MATRL DATA du begin 

Open (Blanks (132)); 
KEYIQRD ('INITIAL MATERIRLSM; 
for I:« 1 step 1 until MRTRLS INIT do begin 

FIND DRTR RT ('PARAMETERS K«T.')j Lastitem; 
COMPNT IC N • I):- MATRL II):- MPTRL PRC (Di­
ne* INITIRL_MRT ( 
Inttxt (24)7 I name; 
5H_PERD [Inint), (shift changes availability over periods; 
5H_ilCLY Ilnint), Ishift changes presence in a week, sh_wkly 10) *« none; 
I, (sequence number of material (nut given in input); 
5HJJR6 (InintJ, (at shift time urgency calculation is performed; 
Inint, (number nf processing conditions for operations; 
Inint, (number of points given of the timeliness function; 
Inint, (number nf timeliness functions; 
Inint, Inint); 1number nf days, conditions of workable time expectations; 
activate HPTRL (I); (execute initial section (input, defaults); 

end; 
KEYiORD CINTERMEDIRTE MATERIALS'); 
for I:* HRTRLS INIT • 1 step 1 until MRTRLS PROC do begin 

FIND DATA AT ('PARAMETERS MAT.'); Lastitem; 
COMPNT (C N • I):- MATRL (I):- MATRL PRC (I):-
new INTERMDT.MAT (Intext (24), 5H.PERD (Inint), 5HJMCLY (Inint), I, 
5H UR6 (Inint), Inint, Inint, Inint, Inint, Inint); 
activate MATRL (I); 

end; 
fori:* MRTRLS PROC • 1 step 1 until MATRL5 dn begin 

COMPNT IC N • I):- MATRL (Di­
ne* FINAL~MAT (• \ 5H.PERD (0), SHJMCLY (0), I); 
activate MATRL (I); 

end * 
C„N:« r._N • MATRL5; 
Close; 

end tt of inspect materials data; 

5.2.2 Initialization of objects and input data 

To create and initialize objects three inputfiles related to general objects, 
objects of the man-machine subsystem and of the biological subsystem, re­
spectively were used. Keywords are used to find the parameters for a spe­
cific class. To achieve a comparable security for the initial data of each ob­
ject keywords are again used; procedure FIND-DATA-AT (Table 5.34) is 
used to find the keyword at the beginning of a line and to skip to ':'. It is 
now possible to use as much text (table headings) as useful before a key­
word; after ':' the related set of data are available. For each class the pro­
gram that initialized an object and the related input example are presented 
in tables. 

Table 5.35 shows the contents of a file referenced by EXP-FILES; it con­
tains the keywords 'EXPERIMENT' and 'WEATHER DATA FILES', the 
names of four files as read in the program shown in Table 5.29 and one file 
with weather data (Table 5.5). After the keywords and after the file names 
(of 12 characters), comment is possible on the same line. 

The first object created was the block referenced by MAIN (Section 5.2.1 
and Table 5.30) and the necessary parameters are read from file ENVR-
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Table 5.34 Procedure FIND-DATA-AT of class SFOB ASE-MODEL. 

Procedure FIND OQTQ PT (FRONTTEXT); I 
value FRONTTEXT? " ' 
text FRONTTEXTj 

inspect PRRPHETERS do begin kalled in initial sections tu find appropriate data-
while not Endfile and not FRONTCOMPRRE (Image. FRONTTEXT) do Ininane- o p r x a x e oata» 
if nut Endfile then SCRNTO (I*age, ':') 
else begin 

Out image; 
Outtnxt l%lrror: End of file found while scanning for ' • ) ; 
Outtext (FRONTTEXT); Outtext (" at begin of line in an input file.'); OutinMoe-

*nd; 

Table 5.35 Input of the files for an experiment and the files of weather data. 

EXPERIMENT with aggregated DPILY data, 'Simulation Monograph' 

ENVRMT.XPL 7 perds starting at 5 Rug., 4 shifts at 7.00, 17.00, 22.00 and 24.00h 
MM555F.XPL SSF « setup, servire, failure 
MRTiiT.XPL SIT . «.c.grain <« 231 
•HTFLD.XPL 4 wheat fields ripe at 5 Rug. 24.00hj processabte at 5 Aug. 24.00h 

•FATHER DPTR FILE5 (each in first 12 positions of a line) 

&DLR62.XPL (char. 5 and 6 refer to year 19S2) 

EXP. This file contains all the information needed to declare arrays of ref­
erences (Table 5.36) and to create and initialize the general objects. The 
fourteen actual parameters of SFOBASE-MODEL concern eleven data el­
ements needed for: 
~- the categories of men and machines distinguished LE-SQNS; each cat­

egory may contain more than one item and each item can replace any 
other item of the same category; 

"- the number of men , MANN, each man referenced by MAN [.]; 
~~ the number of machines, MACHNS, each machine referenced by MACH 

~~ the number of sets of man-machine systems distinguished, MM-S-SETS; 
those sets are handled independently to select one man-machine system 
or none from each set; each set referenced by MM-S-SET [.]; 

""" the number of gangs, GANGS, each gang referenced by GANG [.] and 
MM-S[.J; 

~~ the number of combinations, COMBS-G, each combination (set of two or 
more gangs) referenced by COMB-G [.] and MM-S [.]; the maximum 
number of references is increased three times to allow the generation of 
an unknown number of combinations from the existing gangs and the 
available men and machines; the number of references is adjusted af­
terwards; 

~~ the number of operations for processing materials, OPRTNS-MT, each 
operation referenced by OPR-MAT [.] and OPRTN [.]; 

"- the number of operations to service or repair machines, OPRTNS-S-R, 
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each operation referenced by OPR-S-R [.] and OPRTN [.]; 
- the number of materials initially available with some fields, MATRLS-

INIT, each initial material referenced by MATRL [.] and MATRL-PRC 
[.] (belonging to the materials processed); 

- the number of materials processed, MATRLS-PROC, each material ref­
erenced by MATRL [.] and MATRL-PRC [.]; 

- the number of materials, MATRLS; each material is referenced by 
MATRL [.] and is a processed material (initial material or intermediate 
material) or a final material. 

and three data elements, for: 
- the number of shifts controlling the availability over periods, SHS-PERD, 

each shift referenced by SH-PERD [.]; 
- the number of shifts controlling the availability within a week, SHS-

WKLY, each shift referenced by SH-WKLY [:]; 
- the number of shifts controlling the calculation of urgency of processed 

materials, SHS-URG; each shift referenced by SH-URG [.]. 
Table 5.37 shows the initialization of an object of class SHIFT-PERD; it 

includes the creation of a queue referred by COMP-Q to contain compo­
nents behaving according to this shift of periods. After the data are read as 
in Table 5.39 a default value is assigned to the end of a last period of a year 
(defined in the main program, for instance, at day 500); the current period 
PERD is set to zero and the process is passivated until also other objects ex­
ist and the execution of the dynamic part (Table 4.103) is meaningful. The 
input data of Table 5.39 describe that there are eight periods considered; 
the first ends on 5 August and '-' means that each component contained in 
COMP-Q is not available; the following six periods are weekly periods when 
the components are available (the date is preceded by '+'); the last period 
ends at 31 Dec. The availability of components can be used for each sub­
class of class COMPONENT (i.e. for each process) such as LABOUR, 
EQUIPMENT or MATERIAL. 

The initialization of an object of class SHIFT-WEEK is shown in Table 
5-38 and the input in Table 5.39. The data start with the actual parameters 

Table 5.37 Initial section of class SHIFT-PERD. 

' i n i t i • IJ 

co^!;Copv ( ,* , ) j 

" : W J : - new Head; 
lr**pet.t P«i«METER5 do begin 

FINDJ3RTPJU ('DOTP PRO.*); 
fnr PERD:« 1 sttp 1 unt i l PERD5 do begin 

Lastititiij 
RVLB PERD [PERD):« Intext CD * PLUS; 
PERD.ENO [PER0J:« DOTF.TO.DflYNO ( In in t , I n i n t ) ; I last 

tnd; " - - imnth, calender date; 
•ndj Idayno is relat ive to Jan. 1; 
P I 2 S - E M 0 tPERDS • 1 * - ' LR5TJWYJfERR; 

Hast d*te period is va l id ; 

P£RD7. 0; 
P***ivate; (wait until decid* and components exist; 
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Table 5.38 Initial section of class SHIFT-WEEK. 

I i n i t i a I; 

inspei t PRRRHETERS du begin 
FIND DPTR PT ('DRTP fK.CTG.')* 
for DRY TYPE:« 1 s U p 1 until'7 do DRYJ.RTRfiORY (DPY_TYPE):« Inintj 
FIND DPTR RT C'DPTP tK.COSTS'); 
for I1:« -T step 1 until COST CTBRS do COST H CT6R (I1):« Inreal; I fOl « 0.0; 
for PERIOD:* 1 step 1 until PERIODS do begin 

FIND DRTP RT CDRTR fK.SHIFTS'); 
PERIOD END (PERIOD);. DRTE TO DRYNO (Inint, Inint); 
for SHIFT:. 1 step 1 until SHIFTS du begin 

5HIFT.EN0 (SHIFT, PERIOD):« Inreal; 
end; 
FIND DPTP PT C'DPTP fK.4'); 
for DRY TYPE:* 1 step 1 until DRY CTGR5 do 
for SHIFT:. 1 step 1 until SHIFTS~du C0STS_SH_CT6 (0RY_TYPE,5HIFT( PERIOD):. Inint; 

end; 
if this SHIFT iEEK «« 5H iKLY 11) then begin 

FIND DRTP RT CDRTR llC.5'); 
DRY BfiN:."lnredl; 
DRY~END:« Inrea l ; 

end; 
end of inspei t parameters; 

PERIOD.END (PERIODS • 1 ) : . LRSTJJRYJTERR; 
CMP 0 : - new Head; 
SHIFT:. SHIFTS; PERIOD:* 1; 
C05T5_N0i:« COSTJl.CTGR (01 ; 
Passivate; (wait unt i l day_tp_1jan is i n i t i a l i zed by weather's dynamic; 

and tells that three categories of days are distinguished (workdays, Satur­
day, Sunday), three categories of costs are considered (one for regular time 
and two for overtime), a day is built up of four shifts (from 00:00 - 07:00 
07:00 - 17:00, 17:00 - 22:00 and 22:00 - 24:00) and only one pattern is han­
dled. The category of day (1, 2 or 3) is assigned to Monday - Sunday; the 
costs per hour are assigned for each of the three categories (0.00 f/h for reg­
ular time and 15.00 or 20.00 for overtime; these costs influence the urgency 
of a gang and may prohibit the use of the gang). The next data form the pat­
tern valid until 15 Sept. and concern the clocktime at which the four shifts 
end (07:00, 17:00, 22:00 and 24:00). For each category of days, there is a 
line denoting the category of costs valid during a shift: Category '0' means 
no work; T regular time; '2' overtime of 15.00 f/h; '3' overtime of 20.00 f/h, 
but it is not used. The first line describes that on Monday - Friday (belong­
ing to Category 1) the pattern is no work from 00:00 to 07:00 and from 
22:00 to 24:00, regular time from 07:00 to 17:00 and overtime from 17:00 to 
22:00. The example in Table 5.39 shows only one period that ends on 15 
Sept., but several periods with weekly patterns are possible, for instance, 
one from 1 Jan. to 30 June and another afterwards with different moments 
of worktime, pauses or different costs. After 15 Sept. men are not available 
in this case. DAY-BGN and DAY-END are read only in the first object be­
cause Table 5.38 reads these data only for SH-WKLY [1] (their use is shown 
in Tables 4.42 and 4.111); they are assumed to be valid for each pattern of 
shifts considered. 
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The object controlling the urgency calculations of materials originates 
from class SHIFT-URG. The initialization of such an object is shown in Ta­
ble 5.40; a queue for materials is created, MAT-Q, six moments are read 
(Table 5.41) to calculate the urgency (06:00, 12:00, ... , 24:00) and the exe­
cution is interrupted by calling Passivate. At each moment assigned, a cal­
culation of urgency takes place for all the materials contained in MAT-Q. In 
general, urgency depends on the amount of material and thus changes dur­
ing processing and delivery; a recalculation of the urgency during a day so 
influences the processing. The objects of the classes WEATHER, UR-
GENCY-DCSN and ADMINISTRATION do not require input data; the 
parameters are given default values in the program (Table 5.31). The initia­
lization of the first two objects concerns hardly more than calling Passivate 
and the initialization of the ADMINISTRATION object, Table 5.26, in­
cludes (i) a terminal conversation about the wanted output (Table 5.27), (ii) 
a call to Passivate and (iii) initial values to text variables. 

The initial data of objects related to the man-machine subsystem (Table 
5.32) are read from a file referenced by M-M-SYS; it starts with the object 
of class UPDT-MAN-MCH which only calls Passivate. The initialization of 
objects of class MM-SYSTMS-SET includes only the creation of a queue 
(Table 4.77) to contain man-machine systems. These objects pass their final 
'end' and act as a terminated process that cannot be activated any more; it is 
a data block. The input shown in Table 5.42 shows the parameters: name of 
component and references to the shifts of periods and within a week. No 
reference is made to shifts within a week (parameter '0' refers to SH-
WKLY[0] == none), for such a weekly pattern will be assigned to men 
(with effect on most man-machine systems) and is not wanted for the grain 
drier. With the initialization of the prefixed superclass COMPONENT (Ta­
ble 4.4), this object is placed in a queue, COMP-Q, in SH-PRD (a reference 
to SH-PERD[1], an object of SHIFT-PERD). The remaining text in Table 
5.42 concerns the keywords and some comment (headings before the input 
'ines and reference indices ...[.] on lines after the input data of an object). 
The blank line after the list is used to detect the end of the list if the number 
°f requested sets (Table 5.36, Parameter 4) were more than two. The same 
technique is used for the following lists of objects. 

Table 5.40 Initial section of class SHIFT-URG. 

i n i t l a l; 

^ T - 0 : - ne« Head; 
i n $ p t c t PRRRMCTERS do begin 

nND_DRTP.PT CDPTR UR6.')i 
for POINT N0:« 1 step 1 until P0INT5 do URfi CPU" HR [POINT N0J:« Inreal; 

end; "" — - - . 

P^NTJIO:. 0; 
j***iVdtH; Iwait until wdterials are known in operations, needed in urg_gangs; 

(activated in shift_change_ of material; 
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The input for objects of class LABOUR is shown in Table 5.43 and con­
cerns only parameters; the initialization is shown in Table 4.56. The first pa­
rameter is the name of the object; two parameters are used to control the 
availability of this object of class LABOUR over periods and within a week; 
the parameter LE-NO-LE is a category of labour and equipment. Objects of 
the same category are considered identical and queued in LE-STATE-Q[i,j] 
of category i and the prevailing STATE j . So both men belong to category 1 
and are identical. The men are referenced as MAN [1] and MAN [2]; [1] 
and [2] is only additional information and not input data. 

Table 4.4 shows the initialization of all objects of classes with prefix 
COMPONENT and involves making shorter names (7 and 12 characters 
•ong instead of 24), positioning the object in appropriate queues of shifts 
over periods and per week and initial default values of the category of costs 
and the state. 

The initialization of EQUIPMENT objects is shown in Table 5.44 and 
concerns mainly input as shown in Table 5.45. After the name, the two 
types of shift and the category of man or machines there are: fixed costs per 
hour; a storage capacity for trailers and driers; lower and upper limits of a 
duration without failures; a minimum duration needed to justify a service, 
lower and upper limits of a repair duration and a service duration, respec­
tively and the sequence number of the service-repair operation involved 

Table 5.44 Procedure RESET- and initial section of class EQUIPMENT. 

Procedure RF5ET_; I ----• 
^•gin " kalled in reset, init.; 

RPR_.N0:* true; 1 to force first calculation of flrfr_dur; 
5RVCJ?PR DON; lalso sets statejiext to passive; 
SERV~QBS7« REPR 0B5:« 0; 
SERT_V8R:« 5ERT~MEflN:« REPT VRR:« REPTJfERN:* 0.0; 
REPRIRTIME:« SERVICETINE:- 6.0; 

end; 

I t i a I; 

Procedure INIT INPUT ; » •* 
inspect PRR0HETFR5 do begin 

COSTS.H FXD:« Inreal; 
STORECRP.E:* Inreal; 
FLRFR J.B:« Inreal; FLRFR UB:« Inreal; 
SRVCFRJ?UNT:« Inreal / 24.0; 
RPR.LB:« Inreal; RPR UB:» Inreal; 
SRVCJHJR LB:« InrealJ SRVC OUR UB:» Inreal ; 
S.RJJPR N0:« I n in t ; 
i f FLRFR LB < 1.04-4 or FLRFR UB ( 1.04-4 then FLRFR_LB:« FLRFR JJB:« 1.0410; 
i f SRVCFRJNJNT < 1.04-4 then 5RVCFR_RUNT:« 1.0410; 
U-PL.RP:«"U:« Hod (3125 t U, 8388533); 
U.5RVC:« U:« Hod (3125 t U, 8388533); 
! * » • a.thesen coaputer methods in o . r . p.196, random seeds for random nuaber generators; 

^ SRVC^TRHNTD:. 0 .0; 
n<* of inspect parameters; 

iNlT^I^yy . 

l*»*sivate'~ Iwait until decide is created; 
RESET,, 

lnr»er; (initialisation of subclasses, if any; 
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(zero refers to a not existing object). Initialization includes the change of 
zero values of the failure-free and service-free intervals to infinity (equiva­
lent to no failures and no need for service) and the creation of random seeds 
for random number generators used to find a failure moment and a repair 
duration, U-FL-RP, or a service duration, U-SRVC. RESET- is called to 
make the first failure free duration and initial values for the number of ob­
servations during a season, the m ân and the variation of the observations. 
In the example of Table 5.45 it can be seen that shifts are not used (parame­
ter '0'); it suffices that men are controlled by shifts over periods and within a 
week; machines are assumed to be available all the time. The two tractors 
belong to the same category (2) and two grain trailers belong to category 6. 
When trailers are always used together, then it is sufficient to create one ob­
ject, as in category 7, that represents, for instance, four trailers of 0.5 ha 
storage capacity. 

The initialization of gangs as objects of class MAN-MACH-SET is shown 
in Table 5.46. It concerns the input of parameters (name, type of shift over 
periods and within a week and set of man-machine systems to which this 
gang belongs) and of data such as the rate of operation or working capacity, 
the first and subsequent set-up durations on a day (includes refuelling, ma­
chine preparation and travelling time), the total number of categories of 
men and machines involved and for each category the category number and 
number of items required. The gang is queued in one of the sets of man-ma­
chine systems, the storage capacity and the costs are derived from the re­
quired men and machines (Table 4.68) and a queue is created to assemble 
the required men and machines when the gang starts work (Table 4.69). Ta­
ble 5.47 shows an example of the input. GANG[9] is the only gang belong­
ing to set 2; indeed the grain drier as an automatic installation can be se­
lected for work independent of the other gangs because men and the other 
machines are not involved. 

Table 5.46 Initial section of class MAN-MACH-SET. 

I i n i t i a I; 

procedure INIT.INPUT.; * 1 ; 
intpent PBR0NETER5 do begin 

integer 
IE 5, LE I; 
n#RCITY:« Inreal; 
SETUP1:« Inreal; 5ETUP2_N:« Inreal; 
LE_5:» Inintj 
for LE I:* 1 step 1 unt i l LE 5 do begin 

LESSON:- Inint; 
RQRD_NMB_LE ILE_SQN):« Inintj (required number nf elements; 

end; 
end t t of infpert paraaitters; 

new RECORD r#t 5 ( th i s HON MUCH SET).Into (HM.5.5ET [SETJMJJ.rtM.S.SETjn; 
INIT INPUT"; " 
SETUP B N S M S E T U P I ; 
STQRE~C05T5; 
RSSHBL.Qt* new Head; 
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The initialization of objects of class GANG-SET concerns the input 
shown in Table 5.48 consisting of the usual parameters, the number of gangs 
belonging to this combination and the sequential number of those gangs, for 
instance, COMB-G[l] consists of GANG[2] and GANG[3]. Table 5.49 
shows the program that queues the combination in a set of man-machine 
systems, reads the data and calculates costs and the number of required men 
and machines from those of the gangs. Table 5.50 shows the further initiali­
zation of gangs and of combinations; 'inner; 'means that statements of sub­
classes are inserted at that place in the program. The test if all the required 
elements of men and machines are available is performed by calling 
AVLBLTY-TEST that checks if the available number in a category is suffi­
cient to meet the required number (Table 4.65); if you require more items 
of a category than are available then the combination exists but cannot be 
used. Table 5.48 shows only the relevant combinations; combinations with 
GANG[8] are irrelevant in this particular case because GANG[7] ploughs 
with a higher capacity (Table 5.47; 0.65 > 0.45 ha/h). Such less relevant 
combinations are not prevented when the combinations are generated (Ta­
ble 4.79) instead of read from an input file. 

Exercise: Can you think of a situation where combinations with GANG[8] 
are relevant (a plough that may replace another almost identical machine in 
some cases; look at Table 5.45)? 

The initialization of objects of OPRTN-MATRL is shown in Table 5.51; it 
concerns the input and after Passivate (necessary to wait until materials are 
created) this object is placed in queues of the materials processed and the 

Table 5.49 Initial section of class GANG-SET. 

I i n i t i a t; 

m « • «• • 
i procedure INIT_INPUT_; I - - - - - — 

inspect PRRQMETER5 do (calculation of required nu*b«r and costs per hour? 
for 11:'* 1 step 1 until GN65 do begin 

integer f>N6; 
GN6:« RQRD 6N6 (111:* Inint; 
for LE SGN:«1 step 1 until LE SONS do RQRD NMBJ.E (LE.SQNl:* 
RQRD NMB LE (LE SON) * GONG IGNG].RQRD NMB LE (LE SON); 
COSTS H:« CQSTS~H • 6RN6 (GNG).COSTS Hj 
C 0 S T S I H „ F X 0 : « C0ST5_H_FXD • GONGIGNfiT.COSTS.H.FXn; 

end nf inspect parameters; 

new RECORD MM 5 (this GPN6 SET).Into (MM 5 SET (5ET.N01.MM_S_5ET_Q); 
I N I T J N P U G 

Table 5.50 Initial section of class MAN-MACH-SYS. 

( i n i t i ' a I; 

inner; (initial of subclasses first; 

5TRTEJ€XT:« 5T«TE:« DQiN; 
for IE_SGN:« 1 step 1 until LE SONS do RVL TEST (LE SON); 
RVLBLTYJE5T; " (sets also state.next; 
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Table 5.51 Initial section of class OPRTN-MATRL. 

I i n i t i a I; 

procedure INIT_INPUT_; |---- . 
inspect PARAMETERS do begin Igang exists alreadylll; 

6RN6 G-.-GRNG (InintJj GRN5 6.0PRTN G:- 6RNG G.OPR MT fit- this OPRTN MRTRL; 
MRTRLS PRC5D:« Inint; 
for I2~« 1 step 1 until MRTRLS PRC5D do begin 

M PRC II2):« Inint; 
PRCSNG CNDTN M,I2):« Inint; PRC5NG CNDTN (2,12):' Inint; 
PRC5NG_CNDTN 13,12):* Inint; 

end; 
MRTRLS PRDCD:* Inint; HPTRL5 PRDCBL:* Inint; 
for 127* 1 step 1 until MRTRLS.PRDCBL do M.PRO tI2):« Inint; 
I 1:matrls_prdcd have to refer to materials delivered; 
1 matrls_prdrd*1:*atrls_prdcbl refer to materials r ep ly ing one of the previous mat.; 

end of inspect parameters; 

INIT INPUT ; 
NOME C0MP:« GRN6 G.NRME COMP; 
CRPJRRC:* 1.0; " 
Passivate; Iwait until materials are created; 
for I2:« 1 step 1 until MRTRLS PRC5D do begin 

MRT PROC U2):-MRTRL PRC IM PRC t12))s 
new REC0RD.0PR (this 0PRTN_MRTRL).Into (MRT.PROC CI21.0PRTN.PR0C.0); 

end; 
for 12:* 1 step 1 until MRTRLS PRDCBL dn begin lmat prod!J may change due to mat p r o d ) ; 

MRT PROD 1121:- MRTRL CM PRD [1211; ! mnTrl (01 *« none; 
new REC0RD_0PR (this 0PRTN_MRTRL). Into (MRT_PR0D (121. 0PRTN^DLVR_Q); 

end; 

inner; (initialisation of subclasses, if any; 

materials delivered. The input is shown in Table 5.52 and consists of a refer­
ence to a gang, the number of materials processed, the type of that material 
with three processing conditions that are sufficient for processing and de­
fined in that material (repetition of the same condition is used to achieve 
three data elements), the number of materials produced and produceable 
with the type of those materials. When three types are produceable (2, 6 
and 7 in OPR-MAT[l]) only the first two are produced simultaneously, for 
instance, the combine-harvesting operation produces straw and wet grain or 
straw and dry grain although straw, wet grain and dry grain are produceable 
materials. The input has to present first the materials that are produced, 
then the materials selectable in increasing sequence (the same sequence of 
materials delivered (wet or dry grain) will be used for the processing condi­
tions in the material processed (wheat), Table 5.56). The initialization of 
objects of class SRVC-REPR is shown in Table 5.53 and concerns the refer­
ence to a gang, a reference in the gang to this service-repair object and a 
queue to contain machines in need of service or repair. The input is shown 
in Table 5.54. For operations, a shift over periods or within a week is not re­
quired, because the related gang controls these facts already; so the pro­
gram forces references to non-existent shifts (Table 5.32) by giving actual 
parameters such as SH-PERD[0] and SH-WKLY[0], which refer to 4none\ 

The initialization of objects of subclasses of class MATERIALS starts 
with (Table 5.55) the creation of queues for fields, FLD-Q, for operations 
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Table 5.53 Initial section of class SRVC-REPR. 

I t l ; 

procedure INIT.INPUT.; I-
insprct PRR0METER5 do begin 

GRNG G:- 6RN6 tlnint); 
fiRNSJi.0PRTN__6:- 6RN6Ji.0PR_5R_G:- this 5RVC_REPR; 

end of inspect parameters; 

INIT INPUT ; 
NOME rOMP:- GPNGJi.NQME.COMP; 
HCHN'S R Q:- new Head; 

. 

lyang and »*t:h exist already!II; 

inner; (initialisation of subclasses, if any; 

processing, OPRTN-PROC-Q, or delivering the material, OPRTN-DLVR-
Q, the state of the object and a position that is used for output (Tables 4.21 
and 4.31). The objects of the classes INITIAL-MAT and INTERMDT-
MAT are subclasses of class PROCESSED-MAT; they have the same input 
and initialization. An example of the input is shown in Table 5.56. The pro­
gram is shown in Table 5.57; it shows the input, the default values of proc­
essing conditions, material delivered, timeliness condition and workable 
time condition and the queueing of this material in the object controlling the 
urgency calculations. The input (Table 5.56) consists of one line with pa­
rameters: a name, three types of shift (the shift over periods is necessary, 
the shift within a week is optional and can be used to record data per shift, 
the shift for the urgency is useful), the number of processing conditions con­
sidered, the number of timeliness functions used and the number of dates in 
each function, the number of workable time conditions and the days for 
which a duration will be given (the default condition is 1 or 0). The next line 
shows the following 'general data': an expected capacity (rate) of processing 
this material that is used only in the calculation of the urgency, an expected 
price of the material (to transform the fractional data of the timeliness func­
tion to money value), a text that tells that material delivered will be queued 
at the end of the existing fields ('tail') or in front of the fields ('head'; even 
'TAIL' in capital letters is interpreted as 'head'), a maximum quantity is 
given and delivery stops when it is achieved and may be stopped until it is 
diminished to the fraction mentioned. The processing conditions are mu­
tually exclusive ranges of a property (moisture content) and consist of the 

Table 5.55 Initial section of class MATERIAL. 

I 

FLDJJ:- new H*ad; 
QPRTN PROC Q:- new Head; 
0PRTN~DlVR~Q:- new hVad; 
5 T P T E " N E X T T « 5TRTE:« DOiN; 
M P0ST« MAT NO t 13; 

xnnpr; 

t 'I J 

(initialisation of subclasses, if any; 
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Table 5.57 Initial section of class PROCESSED-M AT. 

1 i n i t i a I; 

procedure INIT_INPUT_j I ; 
inspect PRRRMETERS do begin 

FINDJSRTRJU C'DRTR MRT.1'); 
CRP PR0C:« In rea l ; 
PRICE HR:« Inreal; 
TRIL:- Copyt'tail'); 
Lastitem; 1 scans to next character; 
FLO R W R I L :«Int*xt (4) « TRIL; Hail - 'tail', no capital letters in input 11; 
GURNT MX." Inreal; ONT NX FRCT:» Inreal; 10.0(...<«1.0; 
FIND DRTR RT C'DRTR MRT.PRC); 
for I M2:« 1 sti*p 1 unt i l PROC CNDTN5 du begin 

MRT DLV CNOTN CI M21:« I n in t ; 
PRC CNOTN LB (I M2J:« Inreal; 
PRC.CNDTNJJB CI_M2J:« Inrea l ; 

end; 
FIND.DRTR.RT C'DRTR HRT.3'); 
Lastitem; 
DI5UR6_USFD:« Intext (3) » YES; 
LOSS MULT:« Inreal; 
ONT RLT FLO :« Inreal; 
FIND DRTR RT C'DRTR MRT.TML.'); 
for DRTE NO:* 1 step 1 until TMl.JJRTES do TMLJJRTE (DRTE_N0J:« Inint; 
for TML CNOTN:« 1 step 1 until TML FNCTN5 do 
for DRTE N0:« 1 step 1 until TML DRTE5 do TIMELINESS [TML CN0TN,DRTE_N0):« Inreal; 
FIND.DRTR.RT C'DRTR MRT.5'); 
T 1RKBL:* Inreal; 1)0.0 for «at. processed; 
IT MULT:* Inreal; 
J17» 5H PRD.PERD5; 
for PERD~MRT:« 1 step 1 until J1 do T FRRC PROC IPERD.MRTJ :«Inreal; 1)0.0!I; 
T FRRC PROC CJ1 • ! ) : « ! FRRC PROC lj7); 
if CN0TNS • T > 0 then begin 

FIND DRTR RT C'DRTR MRT.iRKBL.'); 
for CNDTN'i T:« 1 step 1 until CN0TN5 i T do 
for DRTE_N0:« 1 step 1 unti l DRYS.tTJJRTR do TJWKBL.EXP [CNDTN„I.T,DRTE_N0I:» In rea l ; 

end; l*»*v be 0.0; 
end of inspect parameters; 

INIT INPUT ; 
for J1:« 1 step 1 until PROC CNDTN5 do M.PRC.CNOTN [J1J:« true; Iredefined in attr_updt_«_; 
MRT DLVR:« MRT DLV CNDTN CIMIN C1, PROC.CNDTNS) 1; 
TML~CNDTN:« IMINClT TML FNCTN5); Idefaults, redefined in attr_updt *_; 
CNOTN • T:« IMIN C1, CNDTNS.i T); 
PERD MRT:» 1; 
i f SHJJR&N «/* none then new REC0R0_MRT Cthis MRTERIRD.Into C5HJJR6N.MRTJJ); 

material delivered and the lower and upperlimit of the property; the deliv­
ered materials have to be ordered with low sequence numbers first (6 before 
7). The timeliness data concern the use of disurgency to prevent too much 
delivery of this material, a variable that is 1.0 when the function is also used 
to derive the timeliness losses or is 0.0 when the timeliness losses are de­
rived from more specific data (only possible in a specific subclass with a 
modified virtual procedure ATTR-INTG-F-, Table 4.46), and a minimum 
area for which an alternative urgency is calculated (Tables 4.42 and 4.43). 
The actual timeliness data consist of a row of dates (relative with respect to 
the optimum date for processing) and some lines with fractions valid at 
these dates (one line for each timeliness function considered). The last date 
must not exceed 100 but has to be such that a timeliness loss will be calcu­
lated even if the processing is delayed considerably. The workability data 
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are only used to calculate urgency. First there is some long term estimate of 
the workable time per day and a conversion factor to justify the estimate to 
another length of working day or to another definition of workability (de­
pends on the processing conditions). This factor is mainly used to tune the 
urgencies to achieve minimum costs over the years. For each period consid­
ered in SHIFT-PERD, an estimate is given of the fraction of the workable 
duration spent on processing this material; such a fraction can be known 
from your experience, from linear-programming results for the same prob­
lem or from considering the relative capacities of the available gangs. For 
example, assume that harvesting, baling and gathering is performed during 
the same workable time and requires 1.5, 0.8 and 1.7 h/ha, respectively; the 
relative use is 0.37, 0.2 and 0.42 and the fractions become 0.74, 0.4 and 
0.84, respectively because both men can perform the job. If the workable 
time for gathering is 1.5 times that for baling, the fractions become 0.74, 0.4 
and 0.56 (i.e. 0.84/1.5). After the wanted harvesting period (some weeks) 
the fractions are reduced and that of the subsequent stubble-ploughing op­
eration is raised. Fractions lower than 0.1 are not advisable. The fraction of 
the first period in the year, before the harvesting season when the material 
is not yet available, is irrelevant and assigned as 1.0; the fraction of the pe­
riod, after the harvesting season, Period 8, the last one defined in SH-PRD 
(Table 5.39), is 1.0. The fraction of Period 9, from 31 Dec. to the last day of 
a year, 500 or 1000, becomes equal to that of Period 8. A low fraction of 
processing results in greater expected delay of processing and so in a higher 
urgency than with a higher fraction. 

Finally workable durations for a number of days and some conditions are 
shown. These data are used to calculate the urgency (Table 4.42) for the 
current valid condition (default value of condition is 1 and can be justified in 
a specific subclass only). Procedure ATTR-UPDT-M-, Table 4.45, has no 
influence on the timeliness condition nor on the workable time condition; if 
you want an influence of material properties on them, redefine the 'virtual' 
procedure in a subclass of a specific material in the experimental frame (for 
instance, Table 7.2). The use of an excess capacity of processing is also only 
possible in a subclass; such extra capacities may depend on properties of the 
material processed. 

The input for objects of class FINAL-MAT is limited to the name (a pa­
rameter; other parameters are assigned default values referring to non 
existing shifts, Table 5.33). The initialization is shown in Table 5.58. 

Initialization of some objects is continued now by producing a list of va­
lues of the random number generator drivers used in the machines for fail­
ure, repair and service and by activating the objects that met a call to Passi-
vate such as machines and operations (Table 5.59). Using Passivate and Ac­
tivate ensures that further initialization occurs after all the objects are cre­
ated; such a guarantee is not possible if Hold (0.0) is used instead of Passi­
vate. 
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Table 5.58 Initial section of class FINAL-MAT. 
I i n i t i a I ; 

DLVR QLL*0:« true; 
FLO «T T«IL:« true; 
FLD~EXPCT K I I to create fld_d; 

Table 5.59 Final part of the initialisation of an experiment. 

inspect RDHNSTR.REPORT PERO do begin 
Outtext (EXPER.IDF); Out image; 
Outtext (•Machine Random number driver U_FL_RP U_5RVF and driver II'); 
Outtext (' of drivers at time:'); Out fix (Time,6,12); Out image; 
for I:« 1 step 1 until MRCHNS do inspect MOCH (II du begin 

Outtext (NPME_C0MP); Outint (IJ.FL.RP, 12); Outint (U_SRvT,12); Outint (U,12); 
Out image; 

end; 
end; 
fur I:* 1 step 1 until MRCHNS do activate MRCH (I); (now decide exists; 
for Ii» 1 step 1 until 0PRTN5J1T do activate OPRJtflT til; (now materials exist andj 
I Ibernme known in operations! also operations known in material; 

The initialization of the main program is now considered, i.e. the block 
referenced by MAIN in the simulation. It consists of an initial and a dy­
namic part. Table 5.60 shows: 
- the value of END-EXPRMNT, LAST-DAY-YEAR (a convenient value 

larger than 365, for instance, 500 or 1000) and a counter of years, YR-N; 
- a message to the terminal giving the value of the driver of random num­

ber drivers; 
- a call to INIT-EXPER, a procedure that creates and initializes the requi­

red objects in the scheduling system as described in Section 5.2.1 and 
shown in Tables 5.31 - 5.33; 

- the message to the terminal that the set up is completed and the simula­
tion starting; 

- the shifts over periods are activated at Time; so they are scheduled after 
this current process MAIN. 

Table 5.60 Initial section of the main program belonging to an experiment. 

( i n i t i a l nf experiment; 

for I10:« 0,1,2,3,4 du INFILE TXT10 II10J:- INF TXT tI10); 
EXPER IDF:- EXP IDENTIF; 
END FXPRHNT:* false; 
LP5T D0YjrERR:« 500; 
YR_N7» I7 
Out image; 
Outtext ('Current value of driver U of random number drivers is:'); 
Outint (U.12); Outtext (' at time:'); Outfix (Time,6,12); Outimage; 
INIT_EXPER; lfurther initialisation of experiment; 
Hold (0.0); (complete initialisation ; 
Outimage; 
Outtext ('«-->5etup of experiment completed, simulation starts'); 
Outimage; 
for I:« 1 step 1 until 5HS_PERD do activate 5H_PERD II) at Time; 
i (now decide and components exist; 
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In several classes, there is a specific definition of the 'virtual' procedure 
INIT-INPUT-. This allows a redefinition of the input in subclasses you want 
to add. In that case the creation of objects concerns objects of those new 
subclasses. 

The following section describes the dynamic part of MAIN; it handles 
several seasons and resets variables in objects. 

5.2.3 Seasons 

Within one simulation run several experiments can be performed (different 
number of men, machines, different processing conditions, etc.) and within 
one experiment several seasons can be used. The dynamic section of process 
MAIN is shown in Table 5.61. The file EXP-FILES (Table 5.35) shows af­
ter the keyword 'WEATHER DATA FILES' the name(s) of the file(s) with 
weather data. The variable END-SEASON is set to false and NEW-FILE in 

Table 5.61 Dynamic section of the main program belonging to an experiment. 

PRR:-EXP_FILE5; 
inspect EXP FILE5 do begin 

KEYiORD CiERTHER DATR FILES'); 
Inimage; 

I d y n a M i > c of seasons in an experiment; 

white not ENO.EXPRMNT do begin 
if not Lastitem then begin 

ENO SEPS0N:« false; 
PORT- PARAMETERS:- EXP FILES; 
•THR.NEf FILE; 
PAR:- PARAMETERS:- INIT FIELDS; 
INIT FIELDS.Open (Blanks (132)); 
KEYiORD ('FIELD PROPERTIES'); 
RELOAD; (zeroing variables and reads initial fields; 
INIT.FIELDS.rtose; 
Out image; 
Outtext (••«--..)Experi»ent continues fnr year'); 
Outint (iTHR.YEAR,6); Out image; 
Hold .(LASTJJAYJTEAR); luntil end of year; 
YRJJ:« YR_N • 1; 
Out image; 
Outtext ('Current vnlue of driver U of random number drivers is:1); 
Outint (11,12); Outtext (' at time:'); Outfix (Time,6,1?); Outimage; 
inspect RDMN5TR.REPORT PERD do begin 

Outtext (EXPER.IDF); Outimage; 
Outtext ('Machine Random number driver U_FL_RP U_5RVr. and driver U'); 
Outtext (' of drivers at time:'); Outfix (Time,6,12); Outimage; 
for I:« 1 step 1 until MRCHNS du inspect MACH tl) do begin 

Outtext (NAME.COMP); Outint (U_FL_RP,12); Outint (U_SRVC,12); Outint (U,12); 
Outimage; 

end; 
end; 
TIMEJJRN:. Time; Itime at 0.0 o'clock; 

end; 
Inimage; 
if Endfile or Image.Strip.I ength * 0 then END_EXPRMNT:* true; 

end It of year or season; 
activate RDMNSTR; (close files in terminal section; 

end nf inspect exp_files with seasons uf weather data; 
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object WTHR of class WEATHER is called (Table 5.3) to read the file 
name and to activate the dynamic section of weather that updates attributes 
of materials. For each season RELOAD is called that calls RESET in ob­
jects referenced as COMPNT[.]. Table 5.62 shows procedure RELOAD; it 
is rather simple but in Chapter 7 'Extensions' some extensions on adminis­
tration will be included. The objects referenced by COMPNT[.] are shown 
in Tables 5.32 and 5.33 and concerns objects of the classes LABOUR, 
EQUIPMENT, MAN-MACH-SET, GANG-SET, OPRTN-MATRL, 
SRVC-REPR, INITIAL-MAT, INTERMDT-MAT and FINAL-MAT. Ta­
ble 4.4 shows procedure RESET defined in class COMPONENT; it makes 
cumulative costs and time duration equal to zero, updates time variables 
and calls the 'virtual' procedure RESET- that is defined in subclasses such 
as RESET- of class EQUIPMENT (Table 5.44; also used during the initiali­
zation to assign values to variables). Table 5.63 shows RESET- of class 
MAN-MACH-SET and makes the cumulative set-up duration equal to zero. 
Some cumulative variables of objects of class OPRTN-MATRL are made 
zero in RESET-, Table 5.64. Table 4.48 shows RESET- from class PROC-
ESSED-MAT; it sets variables on appropriate values for a new season and 
calls RESET-M- to provide the material with fields as is shown in Table 
4.49. This procedure uses the file with initial fields that is referenced by PA­
RAMETERS (at this moment) and by INIT-FIELDS (Table 5.61). The in­
put shown in Table 5.65 is used to create four initial fields as in Tables 4.49-
4.51 and consists of a number of initial fields and the data for each field, 
such as area, the dates when that material becomes processable and 
achieves its optimum yield, and the name of the field; these data are given 
for all the initial materials. RESET- is not defined in the classes LABOUR, 
GANG-SET, SRVC-REPR and FINAL-MAT; in such cases the empty def­
inition in class COMPONENT: procedure RESET-;; is used (Table 4.4). 

Table 5.62 Procedure RELOAD of the main program. 
procedure RELORD; I i 
begin Iralled in dynamic of seasons; 

for I:» 1 step 1 until T.N do CQMPNT [II.RESET; 
end; 

Table 5.63 Procedure RESET- of class MAN-MACH-SET. 

procedure RESET.; * J 
5ETUPTIHE:* 0.0; trailed in reset; 

Table 5.64 Procedure RESET- of class OPRTN-MATRL. 

procedure RESET.; ' " ' 
begin Icalled in reset; 

ONT NOT PR0f.:« QURNT.PRC_OPR:« 0.0; 
C R P I F R 0 C : « 1.0; 

end; 
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After reloading a message to the terminal shows the year to which the 
season belongs, Table 5.61 and process MAIN is rescheduled on the very 
last day of the year (initialized at 500 or 1000 days, Table 5.60). At the end 
of the year, a message to the terminal shows the value of the driver of ran­
dom number drivers and a list of drivers for each machine (on a file, Table 
5.23) to show whether the values change or not. The number of years is in­
creased and the simulation time Time' at the beginning of the next year is 
recorded. In EXP-FILES the system looks after another weather data file 
within the experiment. The list of seasons is ended by a blank line and then 
END-EXPRMNT becomes true and ADMNSTR is activated to close out­
put files. Table 5.66 shows the program which sends a message to the termi­
nal that the experiment is completed. Now the main program looks after the 
file EXP-FILES if the end of the file is achieved (Table 5.29; while not End-
file do ...) and stops the simulation with a message that the simulation is 
completed (Table 5.66); the current date and hour of the execution are also 
printed. Otherwise another set of files is found labelled with the keyword 
EXPERIMENT; the simulation starts another experiment by creating and 
initialising objects and by creating a new time axis and variable Time (start­
ing at 0.0). 

The system variable Time increases from season to season. An example 
occurred where the year starting with 10000.0 has almost the same output as 
the first year starting at Time = 0.0 (both years in the simulation represent 
the same season!). The resulting costs of the year starting with Time = 
20000.0 were slightly different. Because the year starting with Time = 
10000.0 shows a lot more transfers of fields of almost 0.00 ha, it is not rec­
ommended to use more than 20 seasons when LAST-DAY-YEAR = 500. 
Several identical experiments can be defined, each with some seasons or 
even one season to prevent problems arising from accuracy. Two other ways 
are possible: (i) to use long real variables associated with Time'; (ii) to re­
set the simulation time Time' to zero after each season; these ways are not 
always available in a machine-dependent version of SIMULA and are 
therefore not used. 

Table 5.66 Final part of main program. 
end tt of agropexperiment; 

end nf inspect environment of experiment; * 
Out image; 
Outtext ('**-->Experiment completed*); Outimage; 

end tt of simulation run with some experiments; 

1 t e r m i n a I ; 

EXP.FILES.Close; 
Out image; 
Outtext C'DSimiilation completed a t ' ) ; Outtext (TODAY); Outtext (' * ) ; Outtext (DAYTIME); 
Out image; 
| i i i i i i i i i i i i i : i i i t t i i i t t i : i i 3 i i i i i i i > : : i : i t > i t : : : : : i : : i : : i : i i : i i i i : i i : i i i i i i i t t i i i t i n i i t t > i 

end t t nf main; 
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5.2.4 Input data restraints 

There are many interactions between input data. This section describes the 
restraints; although it is impossible to cover every thinkable situation, the 
most relevant limitations are described. In general an input file consists of: 
- keywords 
- data 
- explanatory comment. 
The keywords have to be as in the program; the main keywords in front of 
the data of several objects may be indented but has to appear as the first 
word on a line (Table 5.28 procedure KEYWORD). The intermediate key­
words just in front of particular data (within an object or a list of objects) 
appear at the very beginning of a line and are followed by ':' and the data 
(Table 5.34 procedure FIND-DATA-AT). After the main keyword (or af­
ter data) and before the following intermediate keyword, explanatory com­
ment is possible (table headings). The input data are given in six files re­
lated to: 
- experiment 
- environment 
- man-machine system 
- materials 
- initial fields 
- weather data and material properties. 

The experiment file (Table 5.35) starts with the main keyword 'EXPERI­
MENT' and a text to identify the experiment. This line is used as an identifi­
cation in output files. The following four lines each start with a file name of 
12 characters; after the twelfth character some comment is possible. The 
main keyword 'WEATHER DATA FILES' starts a list of files (seasons) 
with weather data and material properties (for instance, moisture content). 
The explanatory comment on a file may not exceed the line that starts with 
the file name. The list is ended by a blank line and a subsequent experiment 
and list of weather data files may appear. 

The environment file defines the general context of the experiment and 
starts with the main keyword 'GENERAL DATA' (Table 5.36). Some 
headings as explanatory comment may precede the intermediate keyword 
'PARAMETERS EXP.' After the character ':' the following parameters are 
shown: 
- number of categories of men and machines (at least the maximum used in 

the man-machine system); 
- number of men (+); 
- number of machines (+); 
- number of sets of men-machine systems (+); 
- number of gangs (+); 
- number of combinations (+); 
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- number of operations for materials (+); 
- number of operations for service and repair (+); 

(4-) these numbers are used to read lists of objects from the man-machine 
system; a longer list is skipped; a shorter list is ended with a blank line 
and adjusts the parameter; the number of operations must not exceed the 
number of gangs; 

- number of initial materials (x); 
- number of processed materials (x), including initial material; 
- number of materials (x), including processed materials, 

(x) these numbers of objects are required in the material file; 
- number of shifts to control the availability over periods (y); 
- number of shifts to control the availability within weeks (y); 
- number of shifts to calculate urgencies (y), 

(y) these numbers of objects are required in this file. 
Table 5.39 shows the following main keyword 'SHIFT PERIOD'. The in­

termediate keyword 'PARAMETERS PRD.' is requested (Table 5.31). Af­
ter ':' the number of periods is shown (at least one). The following keyword 
is 'DATA PRD.' (Table 5.37) and after ':' a number of subsequent dates are 
shown that are preceded by ' + ' or '-' to indicate the availability of the pe­
riod ending at that date; with more than 10 periods more lines with dates are 
used. The end of the last period has to exceed the last date with weather 
data. If more shifts are used, both intermediate keywords and the data are 
given more times in the file. 

The following main keyword 'SHIFT WEEK' (Table 5.31) is shown in Ta­
ble 5.39. Each shift required starts with the intermediate keyword 'PA­
RAMETERS WK.' and follows with 'DATA WK.CTG.' and 'DATA 
WK.COSTS' related to parameters (all are at least one), category of days 
and costs, respectively. Usually the regular time has no extra costs, but you 
may do so and distinguish between men with different costs. Note the influ­
ence on the urgency of a gang. Table 5.38 shows that for each period consid­
ered the keywords 'DATA WK.SHIFTS' and 'DATA WK.4' are used to 
find data on the period, a series of increasing clocktimes (with a 24 hour cy­
cle) and on cost categories per shift and per type of day (preferably on sepa­
rate lines). The end of a period is independent of the periods used in 
SHIFT-PERD. Only for the first object of this weekly shift 'DATA WK.5' 
must contain the regular begin and end of a working day. 

If more shifts are required to control the availability of objects within a 
week, for instance, one for men, another for cattle or installations, the se­
quence of keywords starts again with 'PARAMETERS WK.'. 

Table 5.41 shows the following main keyword 'SHIFT URGENCY' (re­
quested in Table 5.31) and the two intermediate keywords 'PARAME­
TERS URG.' and 'DATA URG.' followed by the number of points per cy­
cle and the series of (increasing) clocktimes (usually with a 24 hour or 
weekly cycle) to calculate urgencies. The last two keywords and the data 
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are repeated when several shifts are considered for different materials. The 
number of points is at least one: the first calculation takes place at point 
zero, i.e. the moment the material becomes available (according to its 
SHIFT-PERD). 

The man-machine system file consists of lists of men, machines, etc. and 
each list is followed by a blank line. A list is used until sufficient objects are 
created to meet the requirement presented under 'GENERAL DATA' of 
the environment file; more objects are skipped. If the list is shorter than the 
requirement, the requirement is adjusted in the program. The list contains 
parameters for each object on a new line (without blank lines between ob­
jects) and the data on one or more lines; only on the line with the last data 
element some explanatory comment is possible (in general the sequence 
number of a reference variable). Three parameters (a name of the object, 
the type of shift for periods and within a week) are found in all lists except 
for operations. The name has to contain exactly 24 characters. The type of 
shift can be zero; a reference by the element zero of the reference array is a 
reference to 'none', an object that does not exist. The shift of periods is 
needed for men and may be used also for the sets of man-machine systems 
and for some machines (if they are not available in all periods). The shift 
within a week is needed for men only and may be used for machines (if such 
a pattern in a week is appropriate, for instance, for a milking parlour). If a 
weekly shift is used then a period shift is obligatory. The type of shift may 
not exceed the available number of shifts, as given in the environment file. 

Table 5.32 shows the creation of objects from this man-machine system 
file. The first main keyword 4SETS OF MAN-MACHN.SYSTEMS' is in Ta­
ble 5.42 followed by some comment lines, the intermediate keyword TAR. 
LIST of SETS' and ':'. The following lines define two objects with three pa­
rameters (name, period and week shift) and show the reference MM-S-SET 
[1] and MM-S-SET [2], respectively, as explanatory comment. The list is 
followed by a blank line. 

The following main keyword is 'LABOUR'; Table 5.43. The parameter 
headings precede the intermediate keyword 'PAR. LIST of MEN' and ':'. 
The list contains for each object the usual parameters (name and two types 
of shift), a category and explanatory comment (a reference to MAN [.]). 
The category is one of the ten available numbers, as defined by the first pa­
rameter given in the environment file (Table 5.36). Independent of the ex­
planatory comment are references given by the program in sequential order 
(Table 5.32, a loop with index I from 1 until MANN), so the comment is ap­
propriate if the references start with one and increment by one. 

The following main keyword is 'EQUIPMENT' (Table 5.45). The inter­
mediate keyword 'PAR./DATA LIST of MACHN.' is preceded by lines 
with parameter and data headings and followed by ':' and a list of lines 
closed by a blank line. The four parameters (name, two shifts and category) 
are as for men; the category number of identical objects is the same, i.e. 
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Tractor 1 and Tractor 2 are exchangeable in a gang just as are Man 1 and 
Man 2. The ten data concern: 
- the costs per hour; these costs are inevitable with the use of the machine, 

for instance, the fuel costs of a drier, but the costs are avoidable by decid­
ing not to use the machine; these costs influence the urgency of a gang 
containing the machine; 

- the storage capacity of trailers (some bale trailers are handled as one ma­
chine) and installations; this figure can be used by materials (for instance, 
wet grain) to handle an appropriate maximum quantity and to redefine 
the maximum prescribed with the material; 

- the lower and upper limit of a failure free duration (whose length is 
equally distributed between these limits); zero is interpreted as no failure 
will occur for this machine (Table 5.44); 

- the minimum duration a machine has to be used (running time) before a 
service is needed; zero is interpreted as no service needed; 

- the lower and upper limit of the uniform distribution of the repair dura­
tion; 

- the lower and upper limit of the uniform distribution of the service dura­
tion^ 

- the type of service, repair operation; i.e. a reference to object OPR-S-R 
[.]; zero is interpreted as no failure and no service needed. 

The decimal data need at least one digit behind the decimal point! Digits be­
fore a decimal point are not obligatory in the input. 

The keywords related to the gangs are 'GANGS' and TAR./DATA LIST 
of GANGS'. After ':' a list of parameters, data and comment is shown (Ta­
ble 5.47) closed by a blank line. The parameters concern the three usual 
ones (name and two shifts) and a parameter giving the type of set of man-
machine systems to which this gang belongs. This type of set is one of those 
defined in the experiment and cannot be larger than the list of sets in Table 
5.42 or the number of sets wanted (Table 5.36 fourth parameter). Two sets 
are used: one with those gangs that need men and another with the grain-
drying gang that uses only the automatic grain-drier. In this case no types of 
shift are prescribed (zero); this means that all the gangs are available per­
manently but that their use is controlled by the availability of each of the 
men and machines involved (this is updated by the program each moment 
that availability changes). The data concern: 
- the processing capacity of the gang /rate of operation (the program has to 

be extended to change this capacity according to properties of a proc­
essed material); 

- the set-up durations for the first time on a day and a lower one for se­
quential times; 

- a number of different categories involved in the gang; 
- a list of pairs of category and number of elements required; a category 

must be given only once and may not exceed the number (10) given as 
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first parameter in the environment file (i.e.in Table 5.36); the number of 
elements required is free but if it is larger than the number available then 
the gang cannot be used; if more than five categories are used, another 
line is used to continue the list of pairs. 

The gangs are referenced by GANG [.] and by man-machine system MM-S 
[.]: this information is comment only. 

The keywords related to combinations are 'COMBINATIONS-G' and 
TAR./DATA LIST of COMB-G'. The list is closed by a blank line (Table 
5.48). Each line of the list contains the parameters, the data and the refer­
ence. The parameters are the name, the two shifts, the type of set of man-
machine system and the number of gangs involved in this combination. The 
type of set has to be the same as is used for the gangs involved. The data 
only concern the types of gang involved and that type refers to the refer­
ences GANG [.]; so no gang can be included more than once in a combina­
tion. The type of gang may not exceed the available types, i.e. the minimum 
of the parameter (Table 5.36 fifth parameter, 11) and the length of the list 
(Table 5.47). One can define a combination that include gangs requiring 
more elements of men or machines than available; such a combination will 
never be used. The comment shows the reference to this combination by 
COMB-G [.] or by the man-machine system NM-S [GANGS + .]. The pro­
gram can also generate all the possible combinations from the gangs con­
tained in a set; in that case the list of Table 5.48 is then skipped. 

The following main keyword 'OPERATIONS MATERIAL' and the in­
termediate keyword 'DATA LIST of OPR-MAT' precede the list of data 
and comment for objects of operations processing and producing materials 
(Table 5.52). No parameters are needed because default values are used 
(Table 5.32). The data concern: 
- a type of gang; i.e. a reference to GANG [.] and that type must exist; 
- the number of materials processed (less than four); 
- for each material processed, its type (a reference to MAT-PROC [.]) and 

three related processing conditions that tell which conditions are appro­
priate for this operation; the type must appear in the materials file and 
not exceed the number of processed materials (6, Table 5.36, Parameter 
10) and the conditions must appear in that type of material; the type of 
material and the conditions (repeat an appropriate condition to meet 
three data elements) of the processed materials are given on one line per 
material under the appropriate headings; 

- the number of materials produced simultaneously; 
- the number of produceable materials (less than four); this includes the 

materials that are produced always and a number of materials from which 
only one is produced (this number of alternative materials is related to a 
processing condition in a processed material);.for example, for cereal 
harvesting, straw and grain are produced; moisture content determines 
whether it is wet or dry grain; so two materials are produced at a given 
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moment and three are produceable: straw, wet grain and dry grain; 
- the types of materials, first those produced always and subsequently the 

alternative materials beginning with the lowest type; a type must not ex­
ceed the total number of materials (9, Table 5.36, Parameter 11). 

The comment shows the references OPRTN [.] and OPR-MAT [.]. 
The following keywords 'OPERATIONS SERVICE-REPAIR' and 

'DATA LIST of OPR-S-R' precede the list of service-repair operations (Ta­
ble 5.54). The data concern only a type of gang (a reference to GANG [.]) 
that must be contained in the list (Table 5.47) and in the number of gangs 
(11, Table 5.36, Parameter 5). 

Finally, if a gang is not related to an operation, such a gang will never be 
selected and no difficulties are expected from such a situation. The number 
of operations, however, may never exceed the number of gangs. 

The materials file contains only two main keywords (Table 5.33) 'INI­
TIAL MATERIALS' and 'INTERMEDIATE MATERIALS'; both catego­
ries of materials can be processed and produced (consumed and delivered) 
but only the initial materials have fields at the begin of a season. Each 
material has six intermediate keywords and one optional (Table 5.56): 
- 'PARAMETERS MAT.', preceding the parameters; 
- 'DATA MAT.l', preceding some general data; 
- 'DATA MAT.PRC, preceding the processing conditions; 
- 'DATA MAT.3', preceding some data related to urgency and timeliness 

losses; 
- 'DATA MAT.TML.', preceding the timeliness functions; 
- 'DATA MAT.5', preceding data about the workable time; 
- 'DATA MAT.WRKBL.', optional, used only when the parameter for the 

number of workable time conditions is more than zero; it precedes the 
workable time for a number of days and conditions. 

The parameters concern: 
- a name of 24 characters; 
- a type of shift over periods, necessary (+); 
- a type of shift within a week; usually zero; only in specific situations re­

lated to the shifts of men to record data per shift (+); 
- a type of shift for urgency calculations; though useful, urgency will be cal­

culated without it when a period ends because of the shift over periods 
(+); 
(+) the type may not be more than the number given in the environment 
file; 

- a number of processing conditions, at least one; 
- a number of timeliness functions, at least one; 
- a number of dates for the timeliness functions, at least two; 
- a number of workable time conditions, usually zero; 
- a number of days with workable times, only relevant and at least zero if 
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the conditions exceed zero. 
The general data concern: 
- an expected capacity of processing this material (some weighted sum or 

the average of the processing capacities of the gangs involved); it is only 
used for the urgency calculation; 

- an expected price of material without any timeliness loss; 
- a field delivered becomes part of a queue of fields and is queued at the 

tail with 'tail' (small letters!) and otherwise at the head, for instance, with 
input of 'head' (or even with TAIL' or 'tai'); 

- a maximum; 
- a fraction of the maximum quantity that must be achieved before delivery 

may be continued. 
For each condition, the processing conditions concern: 
- a type of material that can be produced, such as wet or dry grain; 
- a lower and upper limit of a property of this material; the property is 

given in the weather data file; the limits of several conditions may not 
overlap, i.e. the conditions must be mutually exclusive. 

The conditions with a lower type of material are shown first. 
The general timeliness data concern: 
- a disurgency of delivery; if used, then 'yes' (small letters!) otherwise, for 

instance, 'no' it is not used (even with 'YES' or 'y'); 
- a timeliness loss is derived from the timeliness function with 1.0; other­

wise 0.0 is required, indicating that no timeliness loss is considered or is 
calculated in a specific way (only in extended models); 

- an area to calculate a minimum urgency; it can also be used to handle 
some constant level. 

The timeliness functions concern: 
- a list of relative dates (increasing integers including zero); negative dates 

are appropriate if processing may start before yield is optimum; 
- a list of fractions of the recoverable value (Fig. 2.1), with 1.0 at date zero 

and dates after zero when the optimum continues for days. 
The workability data concern: 

- a long-term estimate; 
- a conversion factor to justify the long term estimate to other conditions 

and to tune the urgencies for creating a schedule with optimum costs; 
- a list of expected fractions a material will be processed within the work­

able time; the number of fractions has to be at least equal to the number 
of periods given in the shift over periods (Table 5.39). 

All these workability data are only used to calculate the urgency of materi­
als. These urgencies are transformed by the program to an urgency of 
gangs; costs (overtime costs of men and fuel costs of a drier if given) are 
subtracted from the urgency of the gang and may cause a negative urgency 
and no work! The expected workable durations for a number of days and 
conditions (according to the parameters) concern the duration per day (zero 
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or positive). All the materials processed follow this pattern; the final materi­
als (not processed, only produced) have only default parameters (Table 
5.33). 

The file of initial fields contains the main keyword 'FIELD PROP­
ERTIES' (Table 5.61 and 5.65). This file is used each season to provide the 
initial materials with the appropriate fields. For each initial material an in­
termediate keyword 'DATA LIST of FLD.' is used followed by ':' and the 
number of initial fields (Table 4.49). For each field, a subsequent line gives: 
- the area (Tables 4.50 and 4.51); 
- the date when the material on this field will be processable (at 24:00); 
- the date when the material on this field achieves its maximum yield (at 

24:00); logically this date equals or exceeds the processable date (Fig. 
2.1); 

- a name; at most 30 characters. 

The weather data file (Table 5.5) contains: 
- a date (month and day); 
- a clocktime until which the properties remain valid; 
- a type of day (1 = Monday, etc.); this type is also used in the shift within 

a week to find the appropriate cost categories on such a day; the type 
given on the first line is used to find the type of day on 1 Jan. and that in 
its turn is used to record in output the current type of day; 

- the amount of rain since the preceding 'moment' (i.e. preceding line or 
record); 

- one property for each material processed. 
The date on each line is the date at 00:00; the type of day, however, is re­
lated to the clocktime (beat this in mind when you aggregate these data over 
seven days and the clocktime reaches 168:00 and the date remains the 
same). 

The above description completes the Chapters 4 'Base model' and 5 'Ex­
perimental frame' that give the complete simulation program. The entire 
program is not printed; a program copy and files are available on a floppy, 
Annex A. The following chapter verifies parts of the program and Chapter 
7 'Extensions' describes extensions to the simulation program and ideas 
about modelling other scheduling problems. 
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6 VERIFICATION AND VALIDATION 

The correctness of program and model are now considered. A process with 
three stages is used to establish correctness: 
(i) the first stage, verification of program, is based on the internal struc­

ture of the program, its consistency, logic and plausability (ratio­
nalism); 

(ii) the second stage, validation of model, is based on the acceptance of the 
behaviour of the model and related to the performance of forecasting 
and its sensitivity to parameters (empirism); the model is structurally 
valid (Zeigler, 1976) when it produces observed behaviour and reflects 
the way in which the real system operates; 

(iii) the third stage, use of model, is based on the acceptance as a tool in 
practical management or in research (pragmatism). 

The last stage is not part of this publication. The reader has to decide when 
to accept the model in some environment (research, extension, teaching 
etc.) on the basis of stages one and two. 

6.1 Verification 

6.1.1 Decision tables and system matrices (SMX) 

The structure of a program is supported in SIMULA by using indentation of 
blocks (begin, end), short procedures with clear tasks, classes and com­
ment. This, however, does not cover everything in dynamic simulation with 
activating and deactivating procedures in processes such as (re)activate, 
passivate, hold, wait and cancel. These procedures may cause problems and 
loss of sight on the program execution due to the interruption of the sequen­
tial flow of executing statements. Two methods are used to check the logic 
of the program: decision tables and system matrices. 

Decision tables are useful to show the meaning of a complex 'if 
statement. A simple example from SHIFT-CHNGE- of men and machines 
(Table 4.54) where the statement reads: 

STATE-NEXT: = if not AVLB-COMP then DOWN 
else if STATE = RUN then RUN 

elsePASSIVE; 

Table 6.1 shows the decision table with all the possible situations given in 
comlumns. The situations Rff, Pff and Dtt are not shown because they con­
tain a contradiction, which make them impossible. 
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Table 6.1 Decision table for the next state of men and machine. 

Situation 

STATE 

AVtB.CQMP 

RVLB COKP 

Varia 

W4S 

bftowps 

bles 

R R 

t t 

t f 

P P 

t t 

t f 

Result 

0 0 

f f 

t f 

STOTEJOT r t f u l t s as R D P D P 0 

( R « RUN, P « PASSIVE, D * DOiN, t • t rue, f « false ) 

Exercise: Can you find the contradictions? 
One can check if the decision table is correct and if the statement has the 

same effect. The decision table shows that the old value of the variable 
AVLB-COMP has no influence on the result and therefore only the current 
value is used in the statement. Other examples of controlling the local pro­
gramming logic have already been mentioned in chapters 4 'Base model' 
and 5 'Experimental frame'. 

System matrices can also be used to check the programming logic on a 
broader scale (local and dynamic). First the power of system matrices 
(SMX) to represent the logic in a procedure is illustrated and this example is 
used to explain SMX as developed by Jaederlund. 

Table 6.2 shows a system matrix derived from START-OPRTN- (Table 
4.86) and is used to illustrate the method. The matrix exists of four qua-

Table 6.2 System matrix of START-OPRTN-. 

Variables 

tSTATE 
tSTATE NEXT 

*RUN>HASE 
t&ANfi G.STATE 

Execution functions 

6AN6 6.START *0RK n U U U 
MAT PRQCCil.ATTR FID M 
HOT PRQCCil.ATTR INTfi F 
activate this QPRTN_MATRt 

at Time 

Control functions 

Entry 
5TATE«PASSIVE? I 
RUN PHASE*INACTIVE? 
MAT~PR0C [ i ] .PR0CES5IN6? 

Exit 

Conditions 

t5TATE"PASSIVE 
tSTATE oPASSIVE 
. *RUN PHASE*INACTIVE 

tRUN PHASE<)INACTIVE 
loperation scheduled tPROCESSING 

tHAT PR0C[il.PR0CES5IN6 Jnnt PR0CES5IN6 

U 

0 
10 0 

1 Y N 
2 

1 
2 
3 

0 0 

1 1 2 4 
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drants (I - IV); four catalogs are added and contain the attributes (A), the 
conditions (B), the execution or process functions (C) and the control or 
logic functions (D) according to the following scheme. 

D 

A 

I 

IV 

B 

II 

III 

The upper left part of the matrix, Quadrant I, shows (Table 6.2) that the ex­
ecution functions use attributes (I = input) and change others (U = update, 
O = output). The lower left part, Quadrant IV, shows the input (I) for the 
control functions. The lower right part, Quadrant III, shows the logic, the 
relation between a control function and a condition. The right part, Qua­
drants II and III, can be read as follows: start at line 'Entry', go to the col­
umn with '0' and then to the next number T in that column on line 'STATE 
= PASSIVE?', now one is forced to select the prevailing condition from the 
columns with '0'; if STATE < > PASSIVE then the next number in that 
column is on line 'Exit', otherwise STATE = PASSIVE and the next num­
ber in that column is on line 'RUN-PHASE = INACTIVE?'; the selection 
of that condition is required in columns with '0' or in this case with 'Y' and 
'N' (representing yes and no); if the answer is 'N' then the next number is on 
line 'Exit', otherwise the function START-WORK-G of GANG-G is exe­
cuted as indicated by the next number '1' in column 'Y', the STATE of the 
gang and of the operation are updated (U) as shown in Quadrant I, and the 
next number '2' is on line 'MAT-PROC[i].PROCESSING?' where a selec­
tion is required; if PROCESSING of that material is true then the operation 
is scheduled by 'activate this OPRTN-MATRL at Time' and the next num­
ber '2' is on line 'Exit'; if PROCESSING of that material is not the case then 
the same sequence of execution is preceded by updating some attributes of 
the material. Before the scheduling procedure 'activate ...' is called, it is 
known from the above that the state of the operation is STATE = RUN and 
RUN-PHASE = INACTIVE; this situation continues also after exit of 
START-OPRTN- and can be used as a condition when the dynamic section 
of the scheduled operation is executed. 'T' and 'F' as true and false can re­
place 'Y' and 'N'. You may use your own symbols if needed, for instance, 
'Z' for making a variable zero. The same method could be used to develop a 
system matrix of STOP-OPRTN- (Table 4.92), but in this case we can al­
ready learn from the program directly that before the scheduling procedure 
'reactivate ...' is called the situation is STATE < > RUN (due to 
STOP-WORK-G and STATE-CH-OP-) and RUN-PHASE is unknown. 
'Reactivate ... Time prior' forces an immediate execution of the dynamic 
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section of the operation and interrupts the calling process, the dynamic part 
of process DECISION. So at the exit of STOP-OPRTN- the dynamic section 
of operation is already executed and the situation updated. 

There is no need in general to transform procedures described in Chap­
ters 4 and 5 into decision tables or system matrices. A complex procedure in 
Chapter 5 that derives the applicability of combinations of man-machine 
systems, however, can be explained with the help of system matrices. The 
aim of procedure APPLCB-MM-SYSTMS (Table 5.10) is to find out if all 
gangs of the system are applicable already or if not and the reason is that 
some material processed is not available then find out whether that material 
will be delivered by other gangs selected to work. Table 6.3 shows a simple 
system matrix where sentences shown under 'functions' contain a lot of de­
tail that is still hidden (for instance, no attributes mentioned) and can be ex­
plained in submatrices and sub-submatrices etc. If one understands the sys­
tem matrix, then it is not too difficult to check whether the meaning of the 
sentences is reflected in the statements of the procedure. 

The verification of a program with dynamic elements such as activating 
and deactivating of processes requires special attention. The convention 
was adopted to use the procedures Passivate, Hold and Wait only in the dy-

Table 6.3 System matrix tor deriving the applicability of man-machine systems. 

RPPLCB MM 5Y5TM5 Attributes Conditions 

Derive the applicability of a 
man-machine system with some 
gangs. 

Process functions 

Save materials produced in 
gangs if the gang is 
Applicable. 

Fur the gang that is not applicable 
find if the material processed 
and not available is produced 
in gangs 

APPLICABLE: « false 
RPPLICRBLfJ: « true 

Cuntrol functions 

Entry 
APPLY H DLVR? 
RPPLCIJL? 
Haterial needed is produced? 

Exit 

RPPLY_M_DLVR true if * delivering is an objection 
delivering of material * other objections 
is an objection . t nn objections 

t RPPLCBL true if no objections 
t RPPLICRBLE . t 

t 
t material needed 

is not produced 

F 
T . 1 1 
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namic section of a Process because they have effect on the current object. 
Using them in the dynamic section ensures that the current object is the 
same Process to which the section belongs. The procedures (Re)Activate 
and Cancel require an explicit reference to an object and can be safely used 
in procedures. Because of different deactivation points in a dynamic section 
and different sources of activating an object, it is not self-evident where the 
execution will continue in a specific case. In general such a situation leads to 
the introduction of a state variable in the dynamic section. That variable can 
be checked in procedures for proper execution of its statements. Such a situ­
ation is shown in Table 4.93, where RUN-PHASE is used in the dynamic 
section of the key-process: operation of material. It is hardly possible to 
gain insight into the relationships between the procedures shown in Tables 
4.86 - 4.92 and the dynamic section. To gain more confidence system matri­
ces are used, which have been developed to describe several related proc­
esses. The method is a tool to draw attention to gaps in the program. 

In the following sections the logic of the program when 'events' occur is 
checked. Because the main aim is to show the effects of an event, the proce­
dures involved are listed and the execution and control functions are mixed 
in the system matrix as in the program. The matrix is reduced to two qua­
drants when the execution sequence under conditions is replaced by a top-
down sequence (Table 6.4). The functions are indented if they are called 
from a preceding function. The range of a control function ends at an in­
serted blank line. With these system matrices the consequences of an event 
can be followed and it can be concluded whether it agrees with the model or 
not. In the latter case an attempt can be made to fill the gap between pro­
gram and model. 

6.1.2 Events from materials and weather 

The first event arises from the environment, the weather and it effects, for 
instance, the moisture content of materials, the workability and processing 
conditions. Table 6.4 lists the procedures (called if certain conditions occur) 
and the relevant consequences on attributes of materials and other compo­
nents such as decision and operation. The component WEATHER (Table 
5.4) calls mainly two procedures: ATTR-UPDT-M- and Reactivate. Within 
ATTR-UPDT-M- of a specific material the processing property, processing 
conditions and the workability are updated; the state of the material is 
changed accordingly with consequences for decision. If the material that can 
be produced from the processed material changes (for instance, grain with a 
moisture content of 21% can only result in wet grain and with 16% results in 
dry grain) then the consequences for the operations are inserted. After the 
name of a procedure or attribute the component involved (material, opera­
tion, decision) is sometimes mentioned to prevent ambiguity, for instance, 
'material produced until now' means that DLVRY-STOP is called in the 
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Table 6.4 Event in dynamic section of WEATHER. 
attributes' 
I I I I I I I I I I 

Originated by change of attributes and 
processing conditions of Materials. The 
materials produced (wet grain to 
dry grain, due to moisture content) nr 
the state of the material processed are updated. 

* PROC PROPRTY (material 
t M PRC CNDTN (il ( 

t iORJCBt ( 
t STATE ( 

t MOT PASS 
t MAT D01N 

t PRC CND 
t STATE 

ATTRJ/PDT.H. (of material) 
CM iORJCBL 
STATE CH HAT 

(if state changed from COIN to PASSIVE 
then:) 

DECIDE.HAT PASS:* true 
Activate DECIDE at Time 

(if state changed from RUN to DOWN then:) 
DECIDE.HAT D0IN:« true 
Activate DECIDE at Time 

(if state was or becomes DOiN then:) 
5TATE_CH_0P_ (operations processing) 

(if materials produced change then:) 
PR0CE55.HAT 
MPT_PROD_CHNG (of operations processing mat.) 

DLVRY~STOP (material produced until now) 
5UPPLY.EXPCT ( ' * afterwards) 

STATE CH OP (operations processing mat.) 
DECIDE.PRC CND:* true 
Activate DECIDE at Time 

Reactivate this fEATHER at ... 

U U 

) 

U 
U 
I 

(decision 
( 
( ) 

(operation 
processing) 

U 

U 

material produced until now, which was called by MAT-PROD-CHNG of 
the operation. 

The second event (Table 6.5) is related to fields. It occurs when a field is 
consumed entirely and PROCESS-MAT (Table 4.34) is called in the dy­
namic section (Table 4.33). Within this procedure a distinction is made be­
tween a part related to the delivery and consumption of materials and a part 
related to the continuation of processing if an appropriate field is available 
or delivery of the material is expected (STATE <> DOWN). Table 
4.34 adds some additional conditions such as (AVLBL or DLVRY-SETUP) 
and PROCESSING only for safety reasons and better understanding; the 
conditions are superfluous because the first one is implied by STATE 
<> DOWN and the second was already true at the very beginning of 
the procedure and should not be changed in the meantime. 

The third event occurs when the maximum quantity of a material is 
achieved, for instance, when a grain drier is filled with wet grain (Table 
6.6). The procedure DELIVER-MAT (Table 4.34) updates the delivery 
and consumption of materials and warns decision that a maximum quantity 
of a material is true. Table 6.6 also contains the complement: the fourth 
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Table 6.5 Event in dynamic section of MATERIAL; field is processed. 

Attributes 
i i t i i i i i u 

Originated by terminating the consumption of a 
field or even of all the fields processable. t QURNT AVLBL 

(If EVTM FLO • Tine and PR0CE55IN6 then:) 
PR0CE55.MAT 

UPDAT ONT (operatiun consuming material) 
Activate this OPRTN MATRL at Time prior 

ONT TRANSFER 
DELIVERY_M_ (material prndured 
CONSUMPTN M (material processed) 

STATE CH~MAT 
(if STATE » DOiN then:) 
DECIDE.MAT DOiN:* true 
Activate DECIDE at Time 
STATE_CH.OP„ 

Passivate (of OPRTN. MATRL) 
(if STATE (>D0iN and 
(not SUPPLYJIDD or DELIVERING) then:) 
CONTINUE (operation consuming material) 

Activate this OPRTNJtATRL at Time 
60 ON 

60 UNTIL HP (material 
ACCEPT UNTIL (material 

Passivate (uf OPRTN MATRL) 

U U 

processed) 
produced) 

PVLBL 
* STATE 

* MAT DOtN 
t 5TATE 

U 
I 

(material 
( 
(consumed) 

(decision) 
(operation) 

t EVTM FLO (material consumed) 
t EVTH_HAX(materia( delivered) 

t MAT_PRDJ?aRD (operation 
delivering) 

U 
U 

(if STATE oDOiN and SUPPLYJIDD and 
not DELIVERING then:) 

MAT_PRD_RQRD:> true (operation delivering mat.) 

Reactivate this MATERIAL at ... else Passivate 

event occurs when the quantity is decreased so far (for instance, to half of 
the maximum) that delivery can be continued; a decision is required. 

The last event occurs at the moment when the calculation of the urgency 
is requested (Table 4.108) from a shift defining such moments in a day or 
period (Table 6.7). The urgency is updated according to the current situa­
tion after delivering and processing the fields involved. When the state of a 
gang is passive and the urgency positive, then a decision is requested. 

6.1.3 Events related to men and machinery 

The first two events related to men and machinery arise from SHIFT-
WEEK (Table 4.105) and SHIFT-PERD (Table 4.103), respectively. The 
last one controls the availability in periods of a year and the former one con­
trols the availability and costs pattern on days in a week. Both components 
call SHIFT-CHNGE- in all the objects with that shift pattern. Table 6.8 il­
lustrates the changes in the state of men or machines and the activation of 
an object UPDT-MM-SYS that updates man-machine systems accordingly 
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Table 6.6 Event in dynamic section of MATERIAL; maximum achieved or obsolete. 

Attributes 
t i n t t t i i i 

Originated by achieving or exceeding the maximum 
quantity nf material or termination of surh a t QURNT_RVLBL (material 
situation. . * DLVR RLLtD (delivered) 

t MR? MRX QHT (decision 

( i ) 
( I f EVTH MAX « Time and DELIVERING then;) 
OELIVERjiflT 

UPD8T QNT (operation delivering material) 
activate this OPRTN MRTRL at Time prior 

ONT TRRNSFER 
DELIVERY H (material produced) 

MRX QURNT H 
CONSUMPTN M "(material processed) 

Passivate (of OPRTN.MRTRL) 
(if DLVR RLLID * false then:) 
DECIDE.MPT MRX QNT: * true 
Activate DECIDE at Time 

Reactivate this MATERIAL at ... else Passivate 

( i i ) 
( I f EVTM DLVR OK * Time th«n:) 
TERMNTJJOJJLVR 

MAX QURNT M 
(if"DLVR RLLiD then:) 

DECIDE.MRT DLV DK: • true 
Activate DECIDE at Time 

Reactivate this MATERIAL at .... else Passivate 

U 

t MRT DLV OK ( 

F 

I 

Table 6.7 Event in dynamic section of SHIFT-URG. 

Originated by a request to update the urgency of 
materials. 

Attributes 
i i t i i i t i n 

URG MRT PRC 
DELIVER MRT 
PR0CE55~MRT 
TML L055 EXP 

URG MRT EXT 
DECIDE.UR6_6RN6S_ 

(if a gang passive and urgency positive then:) 
URGNC CRLC: « true 
Ritiva*te DECIDE at Time 

Reactivate this SHIFT URG at ... 

t UR6ENCY PROC (material 
t DI5UR6NC DEL ( ) 

t URGNC CRLC (decision) 
I TML LOSS EXP (material) 

t URGENCY (gang) 

U 
U u 

U 

by checking whether sufficient men and machines are available to perform 
their task and by changing the costs (for instance, overtime). These patterns 
are developed to control the men and machines; they can be used also for 
gangs and materials, for instance, to control the availability of contract 
work. 

The third event occurs when a machine failure occurs during work (Table 
4.61). Table 6.9 shows that repair is needed and perhaps a service is 
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Table 6.8 Event in dynamic section of SHIFT-WEEK or SHIFT-PERD. 
Rttributes 
Mxwmsszssz 

Originated by a changn in availability nr costs 
within a week or availability in a period within 
a year for men and machines. 

(If costs or availability changes then:) 
5HIFTj:HN6E_ (of component) 

5TRTE CH LE_ (for men, machines) 
(re)activate UPDT_MM_5Y5 at Time (prior) 

AVLBLTY TEST ~ (man-
STATE CH.MMS (machine 

COST.CHANYIE" (system) 

DECIDE.5HIFT CH:» true 
Activate DECIDE nt Time 

Reactivate this 5HIFT WEEK /SHIFT_PERD at . 

t AVLB COHP (component 
* STATE ( ) 

t LE_NMB(iJ number avnilable 
of men, machines of category i 
t AVL LE (man-machine 

t r65T5 H ( 
t STATE ( system) 

t SHIFT CH (decision) 

U 
u u 

u 
IJ 

u 

Table 6.9 Event in dynamic section of EQUIPMENT due to a failure. 

Originated by a breakdown or failure of the 
machine during work 

(If FLR AT RUNT * TIME USED (RUN) and 
5TRTE « RUN then:) 

RPR ND: « true 
5ERVICE NEFD 
STATE CH LE 

Activate UPDT MM SYS at Time 
DECIDE.MRCHN FLR* *~true 
Pctivate DECIDE at Timn 

Passivate (of EQUIPMENT) 

Rttributes 
: I I I I I : I S I 

» RPR_ND 
t RPR DUR 

t SRVC NO 
t 5RVT DUR 

* STATE 
t LE_NMB(il number of available 

machines of category i 
t MRCHN FLR (decision) 

U 
u u 

u u 

planned simultaneously. The state of the machine and the man-machine sys­
tems involved are changed and decision is activated. Table 6.10 shows the 
procedures involved to update the attributes of a man-machine system and 
its related operation by the dynamic section of UPDT-MAN-MCH (Table 
4.75), due to such a failure. The complementary event of failure occurs 
when a service repair operation completes the repair and service, see next 
section. 
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Table 6.10 Event in dynamic section of UPDT-MAN-MCH. 
attributes 
n i f i i i i t i 

Originated by shifts of men, a mathine failure 
nr service need and by repair or service of a t 5TRTE (manjiiachine system) 
machine is completed. 

5TPTE COSTS 
RVLBLTY TE5T (man 

STRTE.CHJfMS (machine systems) U 
5TRTE J"HJ)P_ (operation related) 

(if state was RUN or DOWN and 
changed then:) 

activate DECIDE at Time 

C05T CH0N6E 
Passivate (of UPDT HON HCH) 

6.1.4 Events related to operations 

t 5TRTE (operation) 

U 
I 

Before the events in operations are discussed, the heart of the scheduling 
system, the dynamic aspects of the operation, is considered. Table 6.11 il­
lustrates the connection of the dynamic section and the procedures of an op­
eration processing and producing materials. Only some attributes are given, 
others can be added if necessary. Conditions are not mentioned in the cata­
log when they are clear from the answer on the control function; *Y' and 4N' 
in such columns suffices. For references to the columns the letters a,b,c,...,r 
are used. The system matrix closely resembles the program (Table 4.93) 
with separation of the control and execution functions. On behalf of the sys­
tem matrix the control function 'RUN-PHASE?' was added, which is not 
needed in the dynamic section of the program where just before each possi­
ble deactivation (by Hold, Passivate, Reactivate or Cancel) RUN-PHASE 
is updated and clearly known. RUN-PHASE is used in procedures such as 
GO-ON- (Table 4.88) to check the phase of the process. This system matrix 
draws my attention to, for instance, where QUANT is made zero or up­
dated and where M.DLVRY-SETUP, M.PRCSS-SETUP, M.DELIVER-
ING and M.PROCESSING becomes true or false. M.xx refers to an attrib­
ute xx of a material. M.DLVRY-SETUP is set to true at the very beginning 
of an operation to allow the start of another operation processing that deliv­
ered material at the same moment; M.DELIVERING and M.PROCES­
SING are set to true in GO-ON- after the set-up of the operation. The num­
ber of operations processing/delivering a material PRC-OPRS/DLR-OPRS 
is updated in GO-AHEAD and TERMNT. The capacity of the operations 
producing/processing a material M.CAP-OPRS-DLV/-PRC is updated in 
GO-ON- and in TERMNT (termination). The updating in TERMNT how­
ever is only required when GO-ON- is passed and therefore we meet in 
DLVRY-STOP (Table 4.22) and STOP-PRCSNG (Table 4.32) of a material 
a condition that RUN-PHASE is greater or equal to BUSY (i.e. BUSY or 
GO-ON-WAIT). The system matrix was extended with a list of procedures 
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Table 6.11 System matrix of the dynamic section of an operation of materials. 
Variablts Conditions 

tSTATE 
tRUN PHASE 

tQUANT 
Ischeduled 

t 

Execution functions 

00 AHEAD 
RUN PHASE:«5ETUP WIT U 
Hold 
RUN PHR5E:«MRT WIT U 
•AIT HAT PRE 
00 ON 
RUN PHASE:•BUSY U 
Passivate 
ONT TRANSFER 
RUN.PHASE:«60_0N_»AIT U 
Passivate 
TERHNT 
RUN_PHASE:«INACTIVE U 
Passivate 

Control functions 

Entry 
RUN PHASE? 
STATE«RUN? 
5TATE«RUN? 
STATE'RUN?(t#hile) 
STATE.RUN? 
STATEoRUN? 
5TRTE(>RUN?(while) 

Exit 

(Column reference: 

tRUN PHASE'INACTIVE 
t .SETUP W I T 
. t «HAT lAIT 

t »BU5Y 
t «60 ON 1AIT 

T 

U 

U 

F 

F 

IH.DLVRY 5ETUP/H.PRC5S SETUP 
*H.PROCESSINGS.DELIVERING 

IM.CAP 0PR5 DLV/ PRC 
IM.OURNT ARRVOT RVLBL/ PR0CS0 

JM.PRC 0PR5/M.DLR 0PR5 

T U 

U 

F F U U 

U 

0 
1 0 

1 
2 

0 0 0 

1 

1 
2 
3 

Y N 
1 

Dynaaic is 
activattd by 

5TART OPRTN 
Hold 
•AIT HAT PRC 
•AIT HAT PRC 
UP0AT ONT 
CONTINUE 
STOP OPRTN 
STOP OPRTN 
STOP'OPRTN 
STOP OPRTN 
STOP OPRTN 

See 
Table 

4.86 
4.33 
4.87 
4.87 
4.30 
4.30 
4.32 
4.32 
4.32 
4.32 
4.32 

Situation 
STATE RUN PHASE 

RUN 
RUN 
RUN 
RUN 
RUN 
RUN 

not RUN 
not RUN 
not RUN 
not RUN 
not RUN 

INACTIVE 
SETUP »A 
HAT IRIT 
00 ON IR 
BUSY " 
00 ON WR 
INACTIVE 
SETUP »A 
HAT WAIT 
BUSY 
00 ON VA 

Sequence of columns 

2 . . 4 
2 
. 2 
• 

. 2 
• 

2 . 
2 
. 2 
. 2 

1 
2 
3 

N 
1 Y 

1 
2 1 

N 1 
N 

Y 
3 

N 
2 N 

a b c d e f g h i j k l a n o p q r ) 

3 
3 

4 
3 
4 
3 

5 
4 

3 S 
4 

3 
6 
5 
6 
5 

which activate the dynamic section; after the possible situations of STATE 
and RUN-PHASE the resulting sequences of columns are given. Now it is 
possible to check if the flow of program executions caused by an activation 
is satisfactory or not. The activation from START-OPRTN- finds the situa­
tion STATE = RUN and RUN-PHASE = INACTIVE and the columns a, 
b, r and g satisfy the conditions in that sequence and result in column g in 
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GO-AHEAD, RUN-PHASE: = SETUP-WAIT, Hold and Exit. An activa­
tion after Hold results in RUN-PHASE: = MAT-WAIT, WAIT-MAT-PRC 
and Exit because the columns a, c and i satisfy the situation with STATE = 
RUN and RUN-PHASE = SETUP-WAIT. The activation from WAIT-
MAT-PRC results in GO-ON-, RUN-PHASE:=BUSY, Passivate and Exit. 
In both cases where UPDAT-QNT and CONTINUE are called from DE-
LIVER-MAT (Table 4.34) and PROCESS-MAT (Table 4.34) cause the ex­
ecution of QNT-TRANSFER, RUN-PHASE:=GO-ON-WAIT, Passivate, 
Exit and GO-ON-, RUN-PHASE:=BUSY, Passivate and Exit, respec­
tively. The activation from STOP-OPRTN- with STATE < > RUN and 
RUN-PHASE unknown is divided up for each of the possible phases with 
the following effects: 

ifRUN-PHASE=... then 
INACTIVE, Passivate; 
SETUP-WAIT, RUN-PHASE:=MAT-WAIT, TERMNT, 

RUN-PHASE:=INACTIVE, Passivate; 
MAT-WAIT, TERMNT, RUN-PHASE:=INACTIVE, Passivate; 
BUSY, QNT-TRANSFER, RUN-PHASE:=GO-ON-

WAIT, 
TERMNT, RUN-PHASE:=INACTIVE, Passivate; 

GO-ON-WAIT, TERMNT, RUN-PHASE:=INACTIVE, Passivate; 

and in the system matrix also Exit. These effects are adequate in the differ­
ent situations and all end in RUN-PHASE=INACTIVE and the operation 
not scheduled. If a sequence of calculations was inappropriate, more ad­
equate conditions can be used before the activation (as done in START-
OPRTN-, Table 4.86) or add specific control functions in the dynamic sec­
tion (as now is done repeatedly with the test: if STATE = RUN then ...). 

The events and their consequences are now considered. To enlarge the 
scope of the system more procedures are incorporated than shown in Table 
6.11; procedures called directly or indirectly in the dynamic section of an 
operation are added and the consequences of the procedures on the state of 
the system are mentioned. In Table 6.12 three events are shown due to the 
start of the operation, the end of set-up and end of waiting for materials, re­
spectively. At the left hand side the control functions and the procedures 
are listed in sequential order and indented if called from another procedure. 
Some comment is added to show if a procedure belongs to a material pro­
cessed or to a material produced. At the right hand side more attributes are 
listed than was acceptable in Table 6.11 and the change of value due to pro­
cedures is shown. Table 6.12 shows that procedure GO-AHEAD calls 
PRCSNG-EXPCT in the material processed, which changes the variable 
STATE of that material to RUN (abbreviated by R). In the materials pro­
duced SUPPLY-EXPCT is called, which makes the variables DLVRY-SE-
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Table 6.12 Three events in dynamic section of OPRTN-MATRL; start (a), set-up ended (b) 
and wait for materials ended (c). 

Rttributes 

Originated by (a) 5TRRTJ)PRTN_, tb) end of letup 
or (c) end of waiting fur Materials 

RUN 

(a) 
60_RHRED 

~PRCSN6 EXPfT (for Materials processed) 
5UPPLY~EXPCT (for materials produced) 

R U N _ P H R 5 E 7 « 5ETUPJMIT 
Huld (setup duration) 

(b) 
RUN PHPSE:- MAT WAIT 
W I T MRT PRE " . 

Cancel (this OPRTN_NRTRL) 
(wait until un next call, all Materials 
processed are available then:) 

Reactivate this OPRTN.NRTRL at Tine 

(c) 
RUN PHRSE:« PREPARED 
60 ON 

~5TRRT PRE5N6 (Material 
RCCEPTJJNTIL (processed) 

DLVRY 5TRRTD (Material produced) 
(if STRTE » RUN and not PROCESSING then:) 
•flIT_NRT_PRC (processing delivered Material) 

(if MPT PRO R0R0 then:) 
DLVRY CONTND (Material produced) 

(if STRTE « RUN and SUPPLY.NDO then:) 
•RIT.MRT^PRC (processing delivered 

Material; again) 

60 UNTIL MP (Material processed) 
"(if not DLVR RLLfD then:) 

N0JH.VRN6JJNTIL 

RCCEPTJ/NTIL (Material produced) 
RUN PHASE:• BUSY 
Passivate (of OPRTN MRTRL) 

(operation 
( 

i i i i i i i t u 

t RUN PHR5E 
* OPRTN.STATE 

t STRTE 
t PROCESSIN6 

t EVTM FLO 
t DLVRY SETUP 

t RVLBL 
t DELIVERING 

t EVTM MRX 

) 

U 

U 

u 

(Material 
( 
(consuMed) 
(Material 
( 
( 
(delivered) 

t EVTM MRX (Material 
t EVTM_DLVR_0K 

(consumed) 
t STRTE (Material 

(delivered) 
t OPRTN.STRTE 

(operation processing 
(the Material 

(delivered) 

U U 

U 

U 

U 

TUP and AVLBL true (if it was not already the case). When STATE of this 
delivered material becomes PASSIVE (i.e. it can be processed immedi­
ately), then the STATE of operations processing this delivered material can 
also be updated to PASSIVE. The variable RUN-PHASE is updated to SE­
TUP-WAIT and Hold is called to delay the progress of this operation until 
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the set-up duration is passed. At that moment the set-up is completed, the 
dynamic section is activated again and continues with updating RUN-
PHASE to MAT-WAIT and calling WAIT-MAT-PRC which cancels this 
operation from the list of events and waits until the materials processed be­
come available; (for instance, wet grain drying operation has to wait until 
the combine-harvesting operation delivers the wet grain) in that case the op­
eration is reactivated, placed on the list of events at that very moment 
Time'. The dynamic section continues with updating RUN-PHASE to 
PREPARED for operating and calls GO-ON-. This procedure calls 
START-PRCSNG of the material processed to make PROCESSING true 
and to update the event time when a maximum can occur by ACCEPT-UN-
TIL. The next procedure called in GO-ON- is DLVRY-STARTD of the 
materials produced to set DELIVERING to true. In the case one of the 
materials produced is waiting for delivery (to start processing) then WAIT-
MAT-PRC is called. If MAT-PRD-RQRD is true i.e. waiting for further de­
livery (to continue the processing) then DLVRY-CONTND is called, which 
in turn activates the processing operation by calling WAIT-MAT-PRC, for 
instance, if during the set-up of the baling operation the gathering operation 
collects all the available bales then gathering has to wait for bales and baling 
is aware of it for MAT-PRD-RQRD is true (the bales that will be produced 
are required); when the set-up of baling is completed the delivery of bales 
starts and the gathering operation continues; it checks in WAIT-MAT-PRC 
whether waiting for the processed materials i.e. bales is no longer needed 
and reactivates the gathering operation (as in Table 6.12 after b). The three 
following procedures called in GO-ON- are GO-UNTIL-MP, NO-
DLVRNG-UNTIL and ACCEPT-UNTIL to update event times when the 
termination of a field will occur, when delivery becomes possible again if de­
livery is not allowed and when a maximum quantity will be achieved respec­
tively. Finally RUN-PHASE becomes BUSY and Passivate is called, which 
takes this operation from the list of events. 

Tables 6.13 and 6.14 can be interpreted likewise, where the first one up­
dates the quantities processed and delivered and may continue with the op­
eration and the second one stops the operation. It is already known from 
Table 6.11 that STOP-OPRTN- can be called in different situations i.e. in 
different phases: during some wait (RUN-PHASE = SETUP-WAIT or = 
MAT-WAIT or = GO-ON-WAIT) or during the processing itself (RUN-
PHASE = BUSY). In the second case the quantity consumed and delivered 
is transferred and in both cases the dynamic section calls TERMNT, which 
tells the materials processed and produced that processing stops (PROC­
ESSING becomes false, STATE becomes PASSIVE if the reason to stop 
processing was not from that material) and delivery stops (DELIVERING 
and DLVRY-SETUP become false and STATE is updated), respectively. 
Finally RUN-PHASE becomes INACTIVE and the operation is taken from 
the list of events by calling Passivate. 
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Table 6.13 Event in dynamic section of OPRTN-MATRL; processing and delivering. 
Attributes 

Originated by Materials processed or produced 
by this operation due to consuming the field t RUN_PHR5E 
completely, prnduciny the Maximum quantity or 
a request to update the quantities processed 
or produced. 

i i i i t i n i i 

QNT TRRN5FER 
DELIVERY H (material produced) 

MRX QUANT_H_ 
C0N5UMPTN M " "(material processed) 

RUN PHPSE:« 60 ON WRIT U 
Passivate (of QPRTN.MRTRL) 

(Continuation of processing follows if 
- the state of this operation is run 
- material processed is available and ready 
• materials produced can be delivered) 

G0J3N_ 
~60"UNTIL HP (material processed) 

"(if not DLVR RLLID then:) 
NO DLVRN6 UNTIL 

RCrEPT UNTIL (material produced) 
RUN PHRSE*- BUSY 
Passivate (of OPRTN MRTRL) 

(operation 
* 5TRTE (of 

t QURNT (material) 
t QURNT RRRVD (material 

t GURNTJWLBL ( 
t DLVR RLLiO (delivered) 

t EVTMJIRX 
< QURNT RVLBL 

t QURNT PROfSD 
t STRTE 

t EVTM FLD 

U 
U U 

u 

u 

u 

u u u 

(material 
( 

( 

( 

( 
t EVTM.DLVRJJIC (consumed) 

U 

Table 6.14 Event in dynamic section of OPRTN-MATRL; stopping. 

Originated by a decision to call 5T0P_0PRTN_. 
This may interrupt the process (a) during setup 
or waiting for material or (b) when busy with 
processing. 

P « PASSIVE 

(a) 
( I f RUN PHRSE « SETUP-WIT or « MRTJMIT) 

or «~60 ON WRIT then:) 
TERMNT 

STOP PRCSN6 (material processed) 
DLVRY STOP (material produced) 

RUN PHRSE:- INACTIVE 
Passivate (of OPRTN MRTRL) 

(b) 
(If RUN PHRSE * BUSY then:) 
QNT TRRNSFER 

DELIVERY M 
C0N5UMPTN H 

(material produced) 
(material processed) 

RUN PHRSE:« 60 ON PR IT 
TERMNT 

5T0P.PRC5N6 (material processed) 
DLVRY STOP (materisal produced) 

RUN PHR5E:« INACTIVE 
Passivate (of OPRTN MRTRL) 

Rttributes 
i i i i i i i u i 

t RUN PHRSE (operation 
t STRTE ( ) 

t STRTE (material 
t PROCESSING (consumed) 

* DELIVERING (material 
t DLVRY SETUP ( 

t STRTE (delivered) 

U 

U 

u 

P F 

P F 

F F U 

F F U 
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Table 6.15 Event in dynamic section of SRVC-REPR; machine is repaired. 
Rttributes 
I I I I I I I I I I 

Originated by finishing a rtpair of failure 
or a service to a machine t RUN PHASE (operation 

* 5TRTE ( ) 
t STRTE (aachine) 

$ MQCHNJDK (decision) 
t LE.NHBli) number of available 

machines of type i 

TRRNSFER 
SRVC RPR DON (of Machine) 

STBTE'CH LE 
Activate UPDT MM SYS at Tint 

DECIDE.MRCHN_0K:"» true 
Activate DECIDE at Ti«e 

5TRTE CH OP 
RUNJ»HR5E:» eO_ONJMIT 

(if state <> RUN then:) 
RUN PHRSE:« INACTIVE 
Passivate (of SRVC.REPR) 

(if state > RUN then:) 
GO ON (with next repair or service) 
RUN PHR5E:« BUSY 
Reactivate this SRVC REPR at ... 

U 

U 
U 

U 

U 

U 

Tables 6.12-6.14 incorporate many procedures and their consequences 
due to an event; they show an overview of many system-matrices here and 
there from the program. Table 6.11 shows less detail of the consequences 
and much more detail on the logic of a specific dynamic part of the program. 
Both forms are supplementary to each other and can draw attention to an 
incorrect flow of computations. 

To complete the verification of events due to operations, the conse­
quences of an event in a service-repair operation must be shown. Table 6.15 
shows that at the moment a service is completed or a failure repaired, 
TRANSFER is called, which * transfers' the machine from the queue of ma­
chines waiting on a repair or service to its original queue of available ma­
chines with the consequences for the man-machine systems containing such 
a machine. A decision is requested and the state of the operation updated; if 
a following machine for repair is available to continue this operation then 
RUN-PHASE becomes BUSY and the next event of the operation is sched­
uled at the moment the repair or service will be completed; otherwise RUN-
PHASE becomes INACTIVE and the operation is removed from the list of 
events by Passivate. 

6.1.5 Remaining events 

Some events from the experimental frame have to be checked. The first one 
concerns the decision making; in this case with the heuristic urgency strat­
egy. Table 6.16 shows the list of procedures called and the effects when a 
decision is required due to events of men, machines, weather or materials. 
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Table 6.16 Event in dynamic section of URGENCY-DCSN. 

Originated by several events from shifts of man, 
machines, weather and materials. 

R » RUN 

UR6 6RN65 
R P P L C B 6 R N 6 5 
R P P L C B HM 5 Y 5 T M 5 
S E L E C T ' M H ' S 
STOP START 0PRTN5 

STOP §0RK C , 5TATE.CHJIM5 
5TORT iORK C , STATE.CH.MHS 
STOP OPRTN" " 

STOP fORK 6 
STOP ACTVTY, STATE CHJ.E. 

STATE CH MHS, STATE.CHJJP. 
Reactivate this OPRTN_HATRL at Time prior 

QNT TRANSFER 
TERMNT 

Passivate (of OPRTN.HATRL) 
STRRT OPRTN 

START WORK: 6 
START ACTVTY, 5TATE_CH_LE. 

STATE CrfNMS. STATE JTH.OP. 
Activate~this OPRTN HATRL at Time 

Passivate (of URGENCY DC5N) 

Attributes 
i i t n t i i t i 

t GANG.APPLICABLE 
* CONB 6.APPLICABLE 

I MM 5 NEI 
t MAN/MRCH.STATE 

t GANG.STATE 
t COMB 6.STATE 

t OPRTN.STATE 

U 
U 
I 0 

U 

U 
R 

U U 

In URG-GANGS- the urgency of a gang is calculated. The applicability of 
gangs and combinations is derived in APPLCB-GANGS and APPLCB-
MM-SYSTMS; that depends on urgency, availability of the gang and its 
men and machinery, the availability and workability of the materials proc­
essed, etc. The selection of appropriate man-machine systems is done in SE-
LECT-MM-S; in STOP-START-OPRTNS some operations are stopped, 
others are started and others continue. With the stopping of an operation in 
STOP-OPRTN- stops the work of a gang and the activity of men and ma­
chines involved; the states of the men, the machines, the man-machine sys­
tem and the operation are updated and the processed quantity is transferred 
(QNT-TRANSFER) before the operation is terminated (TERMNT) and re­
moved from the list of events by calling Passivate. The start of an operation 
in START-OPRTN- involves the start of the gang, the men and machines 
and the activation of the operation (Table 6.12). After such a decision the 
object is removed from the list of events by calling Passivate and waits until 
another decision is requested. 

The second event occurs once a day in ADMINISTRATION and is 
shown in Table 6.17; attributes are not mentioned. DAILY-ADMINIS­
TRATION is performed and results displayed if required. Periodically out­
put is presented on the use and costs of each object of the system. Finally 
the activation is delayed for one day by calling Hold (1.0). At the end of a 
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Table 6.17 Event in dynamic section of ADMINISTRATION. 
Originated by a request to record and report 
once a day the ruaiulative or daily data (if 
components. 

(If not END 5EP50N then:) 
DAILY ADMINISTRATION 

(if OISPLAY then:) 
DISPLAYJHJTPUT 

(if PERD OUT and EACH PERIOD then:) 
CUH USE COSTS 
USE.C05T5 

PERO.OUTPUT 
MoId (1), one day 

Table 6.18 Event in dynamic section of MAIN. 

Originated by setup of an experiwent ur 
within an experiment by change of year/season 

(thile a next experinent is given then:) 
INIT.EXPER, creates objects of classes 

(while a next year is given then:) 
•THR.NEf FILE (weather) 
RELOAD 

RESET (conpnnent) 
Hold (l.ASTJWYJTEAR) 

Activate RDMNSTR (close files) 

season the administrative object is removed from the list of events and waits 
for a new season in the experiment. 

The last event is shown in Table 6.18 and occurs in the main program (ref­
erence MAIN). An experiment is set up by creating the necessary objects 
belonging to the system in INIT-EXPER. For each year or season a new file 
with weather data is started, the system is reloaded which requires a reset of 
each object to an initial stage. The main program is scheduled at the last day 
of a year (LAST-DAY-YEAR) by calling Hold(.). This sequence is re­
peated for each season involved in the experiment and for each experiment 
required in the simulation. Finally output files are closed. 

The description of events in the scheduling system is an efficient way to 
check the logic of this program. It is also a necessary task because the flow 
of computations is not completely obvious from the program itself. By using 
a system matrix and its submatrices gaps in the program can be discovered 
and solved until the result pictures a correct program. It is hoped that the 
use of decision tables and system matrices also convinced the reader that the 
program is correct, at least under certain circumstances and conditions. One 
can describe a scheduling system completely with a hierarchy of system ma­
trices. However the system matrices have been used in a selective way. 
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6.2 Validation 

The behaviour of the model is shown in Table 5.19 where the display output 
shows the gangs selected; the behaviour during the season is shown in Fig. 
5.1 where the area and costs are presented for each day. It is rather subjec­
tive to accept or reject a behaviour. Part of it depends on the input data, but 
the part depending on the model did not call to question the reliability of the 
model. The sensitivity of the model to parameters is discussed in an earlier 
monograph published by Elderen (1977). The relation to linear program­
ming is described in Elderen (1980) and is still the subject of a research pro­
ject along with the evaluation of heuristic strategies. Differences between 
seasons and between experiments or techniques are described in both publi­
cations. To demonstrate the influence of weather and of input, four situa­
tions are defined: 
(a) wheat ripe on 6 August; dry and wet grain can be harvested; 
(b) wheat ripe on 6 August; only dry grain can be harvested because no 

drier is available; 
(c) wheat ripe on 20 August; dry and wet grain can be harvested; 
(d) wheat ripe on 20 August; dry and wet grain can be harvested; sprouting 

of grain in the field is expected (depending on wheat variety and weather 
in preceding weeks). 

Grain harvesting, straw baling, bale gathering and stubble ploughing of 30 
ha are restricted to workable time and to regular worktime (07:00-17:00) or 
overtime of men (17:00-22:00 and Saturday). Grain drying can occur at any 
time. 

Table 6.19 shows the workable time and the rainfall from 6 August to 5 
September 1962. The first week, 6-12 August, has only one hour for har­
vesting of dry grain and a small number (15 hours) for wet grain. The 
amount of rain from 6-8 August results in a soil moisture content above 47% 
and no workable time of ploughing for several days. The workable time for 
straw baling mostly exceeds the time for harvesting but not always. The 
other weeks offer more workable time. The total workable time during four 
weeks (6 August - 2 Sept.) and within the worktime of men (07:00-22:00, 
except on Sunday) is for dry-grain harvesting 50 hours, for dry and wet 
grain 168 hours, for straw baling 194 hours, for bale gathering 346 hours and 
for stubble ploughing 161 hours. 

The area harvested in the four situations (a-d) is shown in Table 6.20 that 
clearly shows the delay in harvesting in Situation b where no drier is avail­
able compared to Situation a with a drier. The completion of all the work is 
delayed two days only because a lot of baling, gathering and ploughing 
could be performed already at hours that harvesting was prohibited. With 
better weather and more workable time after than before 20 August, 24 
days required to complete all the work (and 18 days for the harvesting) in 
Situation a are reduced to 16 days in Situation c. In Situation d, the urgency 
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Table 6.20 Area processed in 1962 in four situations (a-d). 

Dntf» Ddy Qrea of wheat harvested thai 
wheat ripe on 6 Rugust wheat ripe un 20 August 

6 Qugust-
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

1 Sept 
2 

3 
4 
5 

W W * 

M 
T 
V 
T 
F 
5 
5 

H 
T 
« 

T 
F 
5 
5 

M 
T 
• 
T 
F 
5 
5 

H 
T 
« 

T 
F 
5 
5 

M 
T 
• 

drier 

(a) 

4.7 
4.7 
4.7 
4.7 
4.7 
8.5 
8.5 

17.3 
22.2 
22.5 
26.1 
26.1 
26.1 
26.1 

27.3 
27.3 
28.5 
30.0 

1 

no drier 

(b) 

0.7 
0.7 
0.7-
0.7 
0.7 
0.7 
0.7 

8.8 
14.8 
14.8 
16.8 
16.8 
16.8 
16.8 

20.0 
20.0 
25.5 
25.5 
25.5 
25.5 
25.5 

30.0 

I 

drier 

(c) 

7.2 
11.3 
16.5 
19.9 
19.9 
19.9 
19.9 

26.7 
26.7 
26.7 
26.7 
26.7 
26.7 
26.7 

29.8 
30.0! 

drier 
sprouting 

(d) 

7.7 
12.7 
22.2 
23.3 
23.3 
26.7 
26.7 

29.4 
29.4 
30.0 

I 

I Rll work (harvesting, baling, bale gathering, ploughing) 
finished 

of harvesting is increased because damage from sprouting grain in the field 
is expected; the completion of the harvesting is already achieved in 10 days. 
Figure 6.1 clearly shows that ploughing is performed after harvesting, baling 
and gathering. Harvesting of grain is accelerated on Monday 20 August and 
Wednesday 22 August by allowing extra capacity (a higher speed of the ma­
chine on the field) and the consequence of extra grain losses at the costs of 
/ 96 and / 132 (fourth column of costs). The wheat area remaining on 
Thursday 23 August (6.7 ha) is not urgent enough to prevent baling and 
bale gathering from about 5 ha. The amount of bales is limited in the simula­
tion to a maximum of 4 ha and even that is reduced if the weather expecta­
tion is bad; this forces the gathering operation and allows combine-harvest­
ing to fill the gap with 1.1 ha only. The expectation of workable time for 
harvesting becomes bad on Friday 24 August and that results in enough ur­
gency to harvest 3.4 ha on Saturday during the four workable hours. 

200 



Table 6.21 Costs of the cereal harvest of 30 ha in four situations (a-d). 

Table 6.21: Costs of the cereal harvest of 30 ha in four situations. 

Men, overtime only 

Machines, energy only 

Timeliness losses of 

wheat 

straw 

bales 

Loss of grain due to 

faster driving the 

conbine harvester 

Total 

fheat ripe 

drier 

(a) 

528 

295 

1481 

191 

15 

0 

2510 

on 

no 

6 Pugust 

i drier 

(b) 

445 

0 

2472 

166 

19 

0 

3101 

iheat ripe 

drier 

(c) 

630 

277 

842 

191 

34 

0 

1975 

on 20 Pugust 

drier 
sprouting 

(d) 

880 

389 

628 

381 

30 

228 

2537 

The resulting costs of the four situations are shown in Table 6.21. The 
better weather after 20 August reduces the costs from / 2510 for Situation a 
to / 1975 for Situation c, mainly by less timeliness losses of wheat (1481 to 
842), although more overtime costs are made (528 to 630). Without a drier, 
Situation b, the machine costs become zero but the timeliness losses of 
wheat increase by about / 1000. The expected sprouting, Situation d, re­
sults in a reduction of timeliness losses of wheat (842 to 628) at the costs of 
more overtime costs (630 to 880), more drying costs (277 to 389), more 
timeliness losses of straw (191 to 381) and the use of extra capacity of the 
combine-harvester and associated grain losses on the field of/ 228. 

These four examples show the influence of the weather (a, c), the work­
able time related to wet and dry grain and to dry grain, respectively (a, b no 
drier) and of the timeliness function (c, d). This is no complete validation of 
the simulation model but it shows that work is limited by workability and 
that the input can define several experiments. With the description of the in­
put (Section 5.2), the reader must be able to define experiments suitable in 
a particular case and to test whether output and behaviour of the model is 
acceptable. 
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7 EXTENSIONS 

This chapter describes extensions of the scheduling problem and the related 
model, of the programs and of the use of utilities. The program is adapted to 
the wheat harvesting. Some other specific scheduling problems are dis­
cussed in Section 7.2. The last section (7.3) concerns some convenient utili­
ties. The author is interested to learn your applications and extensions and 
willing to support a further development of such models. 

7.1 Wheat harvesting 

The wheat-harvesting experimental frame is programmed in a class: SFO-
BASE-MODEL class SFOWHEXP; and replaces the subclass SFO-EX-
PERIMENT described in Chapter 5 'Experimental frame'. The frame con­
tains extended subclasses of the materials and their fields, of weather and of 
administration. The main purpose of this extension is to be far more specific 
in the use of material properties, for instance, to use the straw moisture con­
tent to influence the capacity of combine-harvesting of wheat, to use a ri­
pening date to revise moisture contents and to use weather information for 
sprouting expectations. 

7.1.1 Materials and weather 

The definition of class FIELD (Table 4.9) has been extended with several 
subclasses related to specific materials (Table 7.1). This allows, for in­
stance, the storage of moisture contents of grain, straw and swath of straw; 
these are used to initialize the moisture content of wet grain for drying, the 
date the straw swath becomes processable and the moisture content of 
bales, respectively. Now these data can be used to redefine the workability 
or the capacity of processing: not drying at an average rate as if the mois­
ture content is always 22%, but each field dried has its own moisture con­
tent and gets its appropriate capacity. The use of these options will be de­
monstrated for the subclass WINTER-WHEAT. 

The weather data file now contains data for month, day, clock, daytype, 
rain (as in Table 5.5), and for a weather expectation, a condensation index 
and moisture contents of grain, straw, swath and soil. These data are used 
to update properties of wheat, straw, bales and soil. For the winter wheat 
two procedures are involved; ATTR-UPDT-M- updates attributes of the 
material and is called from weather and ATTR-FLD-M- updates attributes 
of the field that will be processed. Table 7.2 shows ATTR-UPDT-M-. It 
first integrates the quantity with the current values, then updates moisture 
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Table 7.1 Subclasses of FIELD in class SFO WHEXP. 

FIELD class FLD.iHEQT; 
begin 

real hT.6RN_INPRQC, HC5TR_INPR0C; Iweighted moisture rontent of quantity in process? 
end; 

FIELD class FLD.SiPTH; 
begin 

real DQTE_iHTRIPE, I date when wheat was combine ripe; 
HC5IT.INPR0C; !«.c. of swath; 

end; 

FIELD class FLD.B0LE5; 
begin 

real MC_BALING, (moisture content (wet basis) of bales at baling; 
RfUN5UM~BLNfi( Icum.amount of rain in mm until baling; 

VP.LUE_BLN6; lvalue of swath at baling; 

end; 

FIELD class 5TR6_tET_GRN; 
begin 

real MC_GRRIN_IET; Imnisture content (wet basis) of grain at harvest; 
end; 

contents and the condition of workable time expected depending on MC-
GRAIN and WTHR.EXP-RPRTD (for instance, Elderen, 1977, Table 5). 
By changing the moisture content of grain, the material delivered can 
change from wet to dry or the reverse. This initiates a change in all opera­
tions processing winter wheat by calling MAT-PROD-CHNG ( ), Table 
4.91. If the material to be delivered is dry grain then the use of excess ca­
pacity is considered by calling CAP-EXC-M- (it balances losses and ur­
gency). The expected costs for drying in [f/ha] are derived from the fixed 
costs and capacity of the gang processing wet grain. Workable and the state 
of winter wheat are now revised. When processing conditions change, then 
all operations involved update their state (STATE-CH-OP-) and a decision 
may be requested after giving specific signals to DECIDE such as DRY-
GRAIN and WET-GRAIN. 

The attributes of the processed field are updated, Table 7.3. The mois­
ture content of unharvested straw on the field, MC-STRW-FLD, is derived 
from a ripe and an unripe straw moisture content and the ripening date. The 
capacity ratio, CAP-RATIO depends on this calculated moisture content. 
The consequences of a change in capacity are reported to operations by call­
ing CAP-QNT-CHNG. This more appropriate approach requires also rede­
fined procedures of 'virtual' procedure DELVR-FLD-M- ( , ) as shown in 
Table 4.47. An example is shown in Table 7.4 that belongs to subclass 
STRAW-SWATH. A ripeness date is derived from wheat and the date the 
straw becomes processable depends on the moisture content of the straw as 
calculated in MATRL [WHEAT]. This shows clearly that properties can 
now be related appropriately and are not restricted to one property per 
material (as in Table 5.5) and to assumptions about other properties and ca­
pacities of processing. 
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Table 7.2 Procedure ATTR-UPDT-M- of class WINTER-WHEAT. 

procedure RTTR.UPDT.M_; ! j 
J (called frun weather, reset.; 
begin 

if PROCESSING then GNT INT6R N; (calls attr intgr f tn integrate B . C ; 
MC 6RRIN:« iTHR.NC 6RPIN iTH? 
MC 5TRi:« iTHR.MC LiR 5TRi; 
if iTHR.REPORT then 
CNOTN f T:« IMOX (1, IMIN (4, Entier ( (MC GRAIN - 10.0) / 5.0) ) ) • 
4 t ClTHR CRT6R 6 (•THR.EXP.RPRTD) - 1); CN0TN_f_T:« IMINCCNDTN W.T, CNDTNS • T); 
NAT OLVR PRV:« MAT Ol.VRj 
MQT'DLVRT- if MC GRAIN <« MC UB DRT then DRY6R else WETGR; 
if MRT OLVR <> MAT OLVR PRV then begin 

if~PROCESSIN6 then PROCESS MAT; 
REC.0PR_C.D1:- QPRTN.PROC.i.First ; 
while REC OPR C D1 «7» none do 
inspect REC OPR'C 01.OPR MT do begin 

MOT PROD CHN6 (MAT OLVR PRV, MAT DLVR); 
R£C_OPR_C_D1:- REC.OPR.C_D1.Sue; 

end;* (after this puint an operation continues with go on, see process mat; 
if MAT.DLVR « DRYGR then CRP_EXC__M_ else CPP.LEVEL:* 0;" 

end; 
COSTS EXPCTD:* 
if MPT OLVR « DRY6R then 0.0 
else 61.COSTS H FXD t (Mf GRRIN - 17.0)/ 5.0/ nl.CRPRCITY; Iff I/ha); 
RTTR FLO M ; 
I0RKBL NEXT:* MC GROIN <« MC UB GRAIN and not WTHR.MSTR PLNT; 
CH TORKBL; 
STATE CH MRT; 
M PRC CND CH:* false; 
for I M2:« 1 step 1 until PROC CNDTNS do begin 

M~PRC CND PRV II M2):« M PRC CNDTN II M2); 
M~PRC~rN0TN (I N2):« MC 6RRIN )« PRC CNDTN LB tl M21 and 
MC 6RRIN <« PRC CNDTN UB tl M2); 
M.PRC.CND.CH:* M_PRC_CND_CH~or not CM_PRC_CND_PRV II_M2) eqv M_PRC_CNDTN II_M2I); 

end; 
REC OPR C D1:- OPRTN PROC Q.First; 
if M_PRC_CND_CH then 
while REC OPR F 01 «/« none do begin 

REC OPR C~DT.0PR MT.5TRTE CH OP ; 
REC.0PR.C_D1:- REC.0PR.C_D1.Sue; 

end; 
DECIDE qua URGENCY Df.5N.DRY GROIN:« M PRC CNDTN [DRY) and nut M PRC CND PRV (DRY); 
DECIDE qua UR&ENCY~DCSN.iCT~6RAIN:« M PRC CNDTN liF.T) and not M PRC CND PRV 11ET) ; 
if (M.PRC.CNDTN [•£!) and M_PRC.CND.PRV [DRY) and not M.PRC.CNDTN [DRY) and 5TRTE « RUN) 
I ldry--)wet; or (wet--)dry; 
(M_PRT.CNDTN [DRY) and not M_PRC_CND.PRV [DRY) and 5TRTE « PRS5IVE) 
then activate DECIDE at Tine; 

end S* of attribute update due to input; 

Another application of greater flexibility is the use of a maximum quan­
tity of material depending on clocktime or weather expectation (for in­
stance, the area of the bales in the field is limited in this way) or an urgency 
of processing that depends on clocktime (for instance, unloading of bales on 
trailers in the evening is delayed until the next morning by manipulating the 
urgency). 

An almost indispensable feature is the appropriate calculation of timeli­
ness losses based on physical properties, for instance, amount of rain in 
bales. This replaces the crude method of using the expected values of losses 
represented in the timeliness function. The timeliness functions are in­
tended to allow the calculation of urgencies and are used also to calculate 
losses when no better ways are available. 
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Table 7.3 Procedure ATTR-FLD-M- of class WINTER-WHEAT. 
procedure RTTR_FLD_r\j I • 
I leaded in *ttr_updt_»_, c*p_exc «_, start_oprtn_# consumptnjn; 
if FLD C •/• none then begin 

RIPE..6:* FLD_C.DRTE_QPTjrLD; 
DURTN RIPE1:« RIPEJi • 3.0 - TIMEJTR; Iduration until full ripeness of straw; 
MC STRi UNRP:« 18.0 • 0.8 t HC STRi; 
MC~STRi~FLD:« if DURTN RIPE1 < 0.0 then MC 5TRi 
else if~DURTN RIPE1 > 5.0 then Mt 5TRi UNRP 
Ij else MC 5TRi UNRP • (DURTN RIPE1 -~5.0) / 5.0 t (MC STRi UNRP - MC STRi); 
COP RTI0 PRV:« CRP RRTIO; 
CRP~RRTl6:» (if MC STRi FLD <« 20.0 thnn 1.0 
else if MC STRi FLD > 65.0 then 0.1 
I; else 1.0 - (MC STRi FLD - 20.0) t 0.02) 
t (1.0 • CRP EXC FRRC (CRP LEVEL!) / 0.8; 
REC OPR C 01:- OPRTN PR0C Q.First; 
if CRP_RTI0_PRV <> CRP_RRTI0 and CRP.RTIO.PRV > 0.0 then 
while REC OPR C 01 «f« none do begin 

REC OPR C~D1.0PRJ1T.rRPJ3NT CHNG (CRP RRTI0 / CRP RTIO PRV); 
REC~0PR_CJ>1:- REC_0PR_C_D1.5uc; 

end; 
end; 

Table 7.4 Procedure DELVR-FLD-M- of class STRAW-SWATH. 

proredure DELVR FLD M_ 
(QNT_PR0D.._M_l FLDj)RI6INRL_); I 
real" ONT PROD M ; leaded in delivery m ; 
ref ( F I E L D ) " F L D _ 0 R I 6 I N R L „ ; 
inspert new FLO SiRTH do begin 

FLD Q SQN:«~FLD Q SON • 1; 
F L D ' D T - this FLD.SiRTH; 
if FLD RT TRIL then Into(FLD.Q) else Follow (FLD Q ) ; 
DRTE iHTRIPE:« MRTRL (iHERTJ.FLD_C.DRTE.0PT.YLD; 
QURNT F PRD:« GURNTITY:* 0NT_PR0D_M.; 
DRTE PR0DCD:« TIME YR; 
DRTE*PR0C5Bl :» DRTE 0PTJTLD :« TIMEJTR • 
(MRTRL (iHERTJ.FLD C qua FLD.iHERT.MC5TR_INPR0C - 20.0) / 10.0; 
MRICE NRME (FLD Q SON, MRT_N0); 
FLD_RRER:- FLD_ORInINRL_.FLD_RRER; 

end t * of delivering a swath uf straw by harvesting; 

7.1.2 Decision 

The description of the urgency decisions as given in Section 5.1.2 'Decision' 
is almost adequate. Table 7.5 shows some additions to the calculation of the 
urgency of gangs as shown in Table 5.8. When, for instance, the quantity is 
less than QUANT-TRMN the urgency increases with URG-TRMN or the 
quantity is below QUANT-MIN then the URGENCY becomes zero. The 
urgency is multiplied by STIM-GNG-RUN ( 1.0) to stimulate gangs already 
in use. The activation of DECIDE is more restrictive by requiring that the 
urgency increased by URG-INCR etc. 

7.1.3 Administration 

The display output and the periodical output (Section 5.1.3) are extended. 
There are options to create a file for: 
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Table 7.5 Procedure URG-G ANGS- of class URGENCY-DCSN. 
procedure URGJSPNG5_; I ---- — - ---. -.„-. 
1 leaded in shift urg, this dynamic; 
for K:« 1 step 1 until GPNG5 da inspect GRNG IK) da bpgin 

real URfi G PRV; 
URG b PRV:t URGENCYj 
UR6ENCY.6PN6..; 
inspect 0PR_MT 6 da specification from processed materials; 
for 14:« 1 step 1 until MPTRL5 PRC50 da in%pwd MPT PROC TI4] du begin 

real URG H; 
if GUPNT.EXPCTD « GUPNT.ARRVQ and QUPNTJWLBL < QUANT TRMN 
or FLD.C.QUANTITY < GUPNT TRMN or FLO c7(2UPNT F PRC >~FLD FRCTN PRC t FLD C.GUPNT F PRD 
then URG.H:> UR6.TRMN " " " 
else if QUflNT'nVLBL < OUPNT HIN then UR6 M:« - URG PROf T; 
URGENCY:- URGENCY • URG M / CRP PROC; 
URGENCY.CORR:- UR6ENCY.C0RR • UR6_M / CRP.PROC; 

end; 
if STATE « RUN then UR6ENCY_C0RR:« URGENCY CORR t 5TIH 6N6 RUN; 
if 0PRTN_6.5TPTE • PP55IVE »nd this DECISION »/• Current and (not MM 5 SELECT or 
URGENCY ) URGJ3.PRV t URG MULT and UR6ENCY > UR6 G PRV • URG INCR) th*n begin 

* UR6NC INCREASE:« true; 
activate DECIOE at Time; 

end; 
end; 

- showing the use of gangs with moments of start and stop and the states of 
materials and operations; 

- quantities processed and delivered vs. daytime with indications of a new 
field and end of field; 

- timeliness losses at each moment it is updated during processing; 
- urgencies of materials and gangs each time they are calculated. 
These options are so specific that it is sufficient to draw attention to them as 
means of checking the calculation of the simulation model over time. 

In addition another mean is used to show more details about the schedul­
ing system. It concerns the definition of a specific class to record data of a 
component. For that reason a class COMP-ADMINISTRATION was de­
fined in the base model, Table 7.6, with a 'virtual' procedure TIME-C-
ACC-to accumulate time durations and costs. That 'virtual' procedure 
TIME-C-ACC- in an object of COMP-ADMINISTRATION (referenced by 
COMP-ADMIN) is called from TIME-C-ACCUM (Table 4.3). Such an ob­
ject is created if required at the beginning of each new season. In the wheat-
harvesting model the empty virtual procedure TIME-C-ACC- was rede­
fined in a subclass as shown in Table 7.7. It records data of a component 
concerning (i) the variation, mean and number of observations of the time 
and costs during the three states RUN, PASSIVE and DOWN and in each 
category of costs considered in a week as defined by the related shift (Sec­
tion 4.4.2 'Shifts within a week'). A similar facility is available to show more 
details of the materials. The base model refers to the object by M-ADMN 
(Table 4.13) and calls the 'virtual' procedures announced in the base model, 
Table 7.8. In the wheat model a subclass of MATRL-ADMN redefines 
those procedures. The records made by these two types of classes are used 
to create output in the class ADMINISTRATION. 
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Table 7.6 Class COMP-ADMINISTRATION of the base model. 
class C0MP.RDMINI5TRRTI0N (C0MP); ! . M , « „ „ I I I I U I I t r j : t I „ : i M , „ t I I „ t „ . 
ref(COMPONENT)C0MP; 
virtual:procedure TIME.C.RCC.; 
begin 

procedure TIME.C.RrC.;; (called in time.c.accum; 
end; 

Table 7.7 Class COMP-ADMN-YR of the wheat harvest model. 

rOMP RDMINI5TRQTI0N class COMP.RDMN YR t>>>>><i«>>>««><«...<«.,,,................ 
(rT6~LB, CTGRS); 
integer CTGRS,CTGJ.B; 
begin 

I d e c I a r a t i n n; 

real 1 • ; 
fOSTS.MD.PRV, (cum costs wade, previous time; 
C0ST5 0 MEAN, C05T5_D_VQR, (costs Made per day: mean and vnrianre; 
TIHE PSV DRY, TIME TQTRL, 
TIMEJJSDJJRY, RUNT_MERN, RUNT.VRR, 1 runtime used per day; 
LT..R0, LT.R, LT.C5T; llasttime of update of time used/ costs; 
integer I 
COSTS D OBSR, RUNT OBSRV; Inunber uf observations > 0.0; 
real array I — 
TIMEJJSD.PRV, (cumulative tine used in state: 1«run, 2*passive; 
I 3*down, /at previous t ine; 
TM_DRYJ€RN, TMJ)RY_VRR [1:3 J; I t ine used per day in state i : mean and variance; 
real array | . - - - - - - . . - . . . . . . . . . . . - . . 
TIME.CTG M:3,CTGJ.B:CTGR5], COSTS J?.CT6 (rTGJ.B:CT6R5); 
integer array 1 ; 
TM_DRY_08SRV [1 :31 ; (number of observations with duration > 0 .0; 

• 

« 

procedure TIM£_C_RCn_; I — - ---- .... .... .... 
inspect COMP da (called in component.time c actum; 
if RVLB COMP then begin 

if STATE <> STRTE NEXT or (if SH.PRD «/« none then 
Rbs (TIMEJTR - 5H_PRD.PERD.END tSH.PRD.PERD)) 
< 1.0&-4 else false) then begin (no accumulation if state continues; 

if STRTE « RUN and Time - LT_R0 > 1.01-4 then 
5IGMERM (RUNT.VRR, RUNT_MERN, RUNT_QB5RV, Time - LT.R0); 
LT_R0:* Time; 

end; 
if STRTE « RUN then Rrcum (C05TS.R_CTG (CTGR], LT.CST, COSTS J), 0.0) 
else LT C5T:« Time; 
Rccum (TIME.CTG (5TRTE.CTGR), LT.R, LEVEL1, 0.0); 

end 
else LTJ?Q:« LT_R:« LT_C5T:» Time; 
lend nf time_c_arc_; 

end t$ of component adminstration; 

Table 7.8 Class MATRL-ADMN of the base model. 

rlass MRTRL_RDMN (MRTERL); !******>.*.<<..................,,,,,,,,,,. 
ref (NRTERIRL) MRTERL; 
virtual: procedure RDMN M STRTE., RDMN.RVLBL., RDMN.iRKBL., RDMN RERDY , 
RDMN M UPDRTE , RDMN M LT~;; 
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7.2 Specific scheduling problems 

In this section some ideas are presented about modelling a scheduling prob­
lem in cases not described in the previous chapters. It includes extensions of 
the program, extensions of the input as well as simplifications. It is merely a 
list of hints to encourage the tackling of problems and does not present 
ready made solutions. 

7.2.1 Men and machinery 

To introduce contract work into the model, one can define an item of equip­
ment (including men if required), a special gang and operation just to per­
form the task appointed to the contract worker. If a contract worker is not 
permanently present then a SHIFT-WEEK and SHIFT-PERD can be used 
to describe the time it is available or when the presence is stochastic failures 
and repair of equipment can be 'used' to control the possibilities of perform­
ing work. On big farms men and women do not perform all the work, but 
they are specialized. Such a case is well covered by the use of different MM-
SYSTMS-SETs (Table 4.77). And when groups of men or machines always 
operate together, then such a group can be defined as one object; some trai­
lers are already given is one object (Table 5.45). It is also possible to intro­
duce special men for special tasks, for instance, milking and other opera­
tions needed for cattle, with MM-SYSTMS-SET. A restricted amount of 
time of men per day or week may be controlled by 'using' service of equip­
ment; a man is created as if he behaves as an object of class EQUIPMENT. 

7.2.2 Materials and fields 

If a number of fields are related to a storage and other fields to another stor­
age, then the storage has to become an attribute of a field; even the distance 
(Table 4.11) can be considered as a factor influencing the capacity of proc­
essing in the same way as moisture content of straw controls the combine-
harvester capacity. Where the same crop is grown at different locations it 
seems better to introduce more attributes of a field then to define identical 
materials at each location (that necessitates the use of parallel gangs and op­
erations). There may be a good reason to revise occasionally, daily, the or­
dering of the fields to a criterion which changes with the development of the 
material (ripeness, moisture content). 

7.2.3 Development of crops 

The growth of a crop depends on moisture, temperature, radiation, etc. To 
represent such a development of a material a special process is preferred 
such as shifts for materials as described in Section 4.4.3 for regular urgency 
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calculations. Each material can have its own object of such a shift for 
growth. The time step of integration can be fixed or depending on the inte­
gration routine used and can also be influenced by certain events in the 
weather or the crop (for instance, irrigation, cutting). When development 
stages are required, then some concepts of shifts of periods (Section 4.4.1) 
must be incorporated in class 'shift of growth'. In SIMULA use can also be 
made of external procedures in other languages such as FORTRAN, so 
even existing parts of programs or packages can be handled, except for I/O. 
The dynamic section of the class 'shift of growth' calls integration and up­
dating procedures on behalf of the material or even on behalf of each field 
of a material if fields are considered with different circumstances. 

Sometimes a crop disease occurs and influences the growth of the plant. 
In that case a 'shift of disease' would be developed similar to 'shift of 
growth' with its own dynamic behaviour and influence on the material. So 
the communication of growth and disease is via the material and its fields. It 
is supposed that distributional patterns of a disease can also become attrib­
utes of a field. If the development is straightforward one can use the 'vir­
tual' procedure MAT-DVLPMNT- that is already available in the base 
model; this alternative to 'shift of ...' has to be defined in a subclass of 
MATERIAL. 

7.2.4 Grass and cattle 

How to model grazing cattle? The grass crop is a material and is related to a 
shift of growth. Some materials are considered; one with fields selected for 
grazing and another with fields intended for harvesting as silage or hay. The 
urgency of processing these two materials is different as are the operations. 
Cut grass also needed two materials; one with fields in need of drying and 
operations such as tedding, windrowing and another with fields for baling 
and gathering. The drying process can be formulated in a 'shift of grass dry­
ing' similar to shift of growth. Cattle can be considered as a material with 
identical properties of growth. Different type of animals result in different 
materials used to represent calves, heifers, beef cattle and milking cows. 
Pigs and poultry can be handled identically. Cows need a second shift to 
control milk production for the herd or for each individual animal (compara­
ble with fields). The same shift can control the urgency of milking. Feeding 
animals is a two step process; the supply of feed is a normal operation per­
formed by men and machines, the eating is the second step, which is inde­
pendent of men or machines. Grazing is such a step and a good approach 
would be to introduce an automatic operation 'grazing' which consumes 
grass on a particular field on behalf of a herd of cattle, where the grazing in­
tensity depends on the cattle and the daily pattern of grazing and resting. 
The pattern can be controlled by a 'shift of pattern' similar to shift of week. 
The grazing operation also updates the quantity of grass consumed and 
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trampled; the remaining amount is relevant for regrowth and growth; both 
depend on the spatial pattern of grass that is still unused, is partly con­
sumed, completely consumed and/or trampled or stained with faeces. 

7.2.5 Simplification of input 

Although input may be a minor problem some one may be interested in the 
minimum. Materials, operations, gangs and combinations are always re­
quired. But it seems possible to remove machines as objects in the system. 
Another way is to reduce array dimensions and the related input data such 
as number of periods, shifts per week, processing conditions, timeliness 
dates and functions, workable time expectations and number of initial 
fields. 

7.3 Miscellaneous facilities 

With the DEC 10 - SIMULA some special facilities are available to make 
the simulation easier. The database management system SIMDBM and a 
package VISTA to use a display with cursor control are mentionned. The 
communication with external procedures includes also FORTRAN subrou­
tines or functions; this may allow perhaps the use of CSMP models within 
the scheduling environment. 

7.3.1 Conversational input 

DEC 10 - SIMULA has a package SAFEIO to create a conversation on a 
display terminal with checking of answers, using manual input or file input. 
To serve the user of the general scheduling model, a separate SIMULA pro­
gram based on SAFEIO will be developed. The explanation will be de­
scribed in the program itself. The system will show a question and a default 
answer (from the program or a file). The answer is the default, the informa­
tion from the file or your own reply. The program will contain checks on the 
range or type of data (Section 5.2.4 'Input data restraints'); when every­
thing is correct, it will produce the output files required by the simulation 
program, including keywords and headings to explain the data (Section 
5.2.2 'Initialization of objects'). This program is especially useful in instruc­
tional situations, for instance, to demonstrate the sensitivity of the result 
(costs in several seasons) to the men and machines selected. 

7.3.2 Debugging with SIMDD T 

An indispensable facility is the elegant debugging package SIMDDT. It is 
called automatically when a runtime error occurs (array index out of 
bounds, a reference denoting to no object, etc.). More valuable is its use at 
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the request of the user. The loaded program can be told to stop or to create 
output when a certain line is met during execution each time or only when a 
condition is true. At such a stop, one can ask for the chain-of-procedure 
calls leading to the current execution or for the objects scheduled on the 
time axis or to display source program text lines. It is even possible to use a 
file that contains some SIMDDT commands. This facility may be used to 
check the scheduling of objects in the simulation, for there are no standard 
tracing facilities available as in DEMOS (Birtwistle, 1979). 

7.3.3 Graphic data 

Display of the development of the scheduling system is possible with 
VISTA. The costs or area of materials vs. time and the use of operations 
each day are ideas that will be built into a special program that will be devel­
oped. 

7.4 Other computers 

The same scheduling program has been modified and tested on a VAX com­
puter. Because the simulation program consists almost entirely of only stan­
dard SIMULA, it should be not difficult to convert it to IBM-SIMULA, 
CDC-SIMULA or SIMULA on other mainframes. SIMULA for micro­
computers is not yet available, but it is announced. 
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Definitions 

- combination 

dynamic system 

event 

- failure 

- gang 

- material 

- processable 

processable 

- ready 

ready 

- repair 

- scheduling 

- a set of gangs that can work simulta­
neously with the available men and items of 
machinery. 
- 'a system to which events occur, whose 
state changes over time' (Ackoff, 1971). 
- 'a change in one or more structural prop­
erties of the system (or its environment) 
over a period of time of specified duration; 
that is a change in the structural state of the 
system (or environment)' (Ackoff, 1971). 
- 'the inability of a machine to perform its 
function under specified field and crop con­
ditions'. (ASAE, 1985,4.4) 
- the men and items of machinery required 
to perform an operation with a specific set 
of materials according to a method. 
- an entity of the biological subsystem of a 
farm which is processed/consumed or pro­
duced/delivered/supplied by an operation. 
- a property, an attribute of a material 
changing only one time for each field; for in­
stance, 
= true if material is ripe, 
= false otherwise. 
- a property, an attribute of a material de­
pending on processable and workable; 
= true if (processable = true and 

workable = true), 
= false otherwise. 
- 'restoring a machine to operative condi­
tion after breakdown, excessive wear, acci­
dental damage.' (ASAE, 1985,4.8). 
- 'determining the time when the various 
operations are to be performed. Availability 
of time, labor supply, job priorities, and 
crop requirements are some important fac­
tors'. (ASAE, 1985,2.7.2). 
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- service 

- state 

- strategy 

- timeliness function 

- timeliness (of operation) 

- workable 

workable 

- 'periodic activities to prevent premature 
failure and to maintain good functional per­
formance'. (ASAE, 1985,4.6). 
- the set of relevant properties of a system 
at a time (Ackoff, 1971). 
- a procedure prescribing a decision at each 
decision moment, based on the state of the 
system at that moment. 
- recoverable value of a material as a func­
tion of time. 
- 'ability to perform an activity at such a 
time that crop return is optimized consid­
ering quantity and quality of product'. 
(ASAE, 1985,2.14). 
- a property, an attribute of a material de­
pending on variable properties such as mois­
ture content, which depends in its turn on 
the variations of the weather; 
= true if relevant properties are within a 
range appropriate for processing by specific 
operations, 
= false otherwise. 
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Appendix A Floppy with programs and input 

A floppy can be requested from the author: 

dr. E. van Elderen 
Institute of Agricultural Engineering 
P.O.B.43 
6700 AA Wageningen 
the Netherlands 

at the costs of 25 Dutch florins (or 10 US dollars) per floppy (incl. postage). 

The IBM-formatted floppy can be read on a micro-computer under MS-
DOS. 

Content of floppy A: Base model and Experimental frame (incl. input) 
- Three programs (used on a DEC-10 computer) with line numbers (incre­

ment 10): 
SFOB AS.SIM - program of the base model, 
SFOEXP.SIM - program of the experimental frame, 
SFOSIM.SIM - main program of the simulation; 

- Six input files used in EXAMPLE (see Tables 5.35 - 5.56): 
EXPERI.MNT- input file of files, 
ENVRMT.XPL- input file of experiment, 
MMSSSF.XPL - input file of man machine subsystem, 
MATWWT.XPL- input file of biological subsystem, 
WHTFLD.XPL-input file of initial fields, 
GDLR62.XPL - input file of weather data. 

Content of floppy B: Extended experimental frame and VAX-version of 
the base model 
- Two programs used on a DEC-10 computer, to simulate the wheat har­

vest: 
SFOWHE.SIM - program of the wheat-harvesting experimental frame, 
SFOWHS.SIM - main program of the wheat-harvesting simulation. 

- Three programs without comment and with a line length less than 80 
characters, accepted by the compiler on a VAX86G0-computer: 
SFOBAS.VAX, SFOEXP.VAX and SFOSIM.VAX. 
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Appendix B Classes, References and Procedures 

Name of Class 

PDMINISTRPTION 
PDMINISTRPTOR 
RREP 

COMPONENT 
COMP.PDMINISTRPTION 
COMP'RDMNJTR 

DECISION 

EQUIPMENT 

FIELD 

FINRL.MPT 

fiRNG SET 
fiflNlTSETJjNRTD 

INITIRL MPT 
INTERMDT.MPT 

LPBOUR 
LRBR.EQPMNT 

Main program 
MPN MPCH SET 
MPN~MPCH~SY5 
MPTERIPL" 
MPTRL POMN 
MPTRI~RDMN YR 
MM 5YSTM5 SET 

OPERPTION 
OPRTN.MPTRL 

PLOT PDMIN 
PROCE55ED_MPT 

RECORD COMP 
RECORD LB 
RECORD LE 
RECORDER T 
RECORD~MM 5 
RECORD JJPR 
RECORD"SR_RP 

SFOBRSE MODEL 
5FOEXPERIMENT 
SHIFT PERD 
SHIFT UR6 
SHIFT fEEIC 
SRVC.REPR 

UPDT MRN MCH 
UR6ENCY.0CSN 

WEPTHER 
fERTHER.MPTRL 

Table 

5.14 
5.13 
4.11 

4.2 
7.B 
7.7 

4.101 

4.58 

4.9 

4.72 
4.78 

4.57 
4.53 

5.28 
4.67 
4.62 
4.12 
7.8 

4.77 

4.82 
4.63 

4.37 

4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 

4.1, 4 
5.1 
4.102 
4.107 
4.104 
4.94 

4.73 
5.6 

5.2 
4.8 

Reference 

P0MN5TR 
POMN 
FLD.RREP 

COMPNT 
COMP.PDMIN 

DECIDE 

MPCH 

FLD, FLD C, 
FLD J), FLD.E 

C0MB_6 

MPN 

MP IN 
6PN6 
MM 5 
MPTRL 
M.RDMN 

MM_5_5ET 

OPRTN 
OPRJ1PT 

MPTRL„PRC 

.5 

SH PERD 
5H UR6 
SHJWCLY 
OPR_S_R 

UPDT MM SYS 
DECIDEJJR6 

iTHR 
•TH MPT 

Line numbers 
(SPP Pppendix 
SFOBRS 

30220-30290 
29090-29220 

03360-04310 
04430-04480 

16560-16640 

05500-06950 

29340-29880 
28680-28930 

03650-09990 
10140-11190 

27920-28410 
28530-28570 

05220-05330 
04640-05050 

08240-09500 
07180-08060 
17640-24120 
24240-24270 

11370-11450 

12240-12400 
12640-15260 

24430-27800 

03490 
05160 
04600 
17580 
07110 
12580 
15370 

00530-31140 

01230-01880 
16790-17420 
02060-03330 
15440-16410 

11620-12080 

30010-30090 

(inrr. 10) 
P) 
5F0EXP 

4010-7450 

7500-7550 

0310-7590 

1480-3860 

0550-1320 

SFOSIM 

0340-4580 

216 



Name nf Prucpdure Table 

RCCEPT UNTIL 
POJUST GURNT 
RPPLCB GRNGS 
RPPLCB MH 5Y5TM5 
RSSEMBLE 
RTTR FLO M 
RTTR UPDT M 
RTTR INTG F_ 
RVL TEST 
RVLILTYJEST 

CRP CHN5 DLV 
nRP**CHNG"PRC5Nfi 
CRP~GNT CHN6 
TH RVLBL 
CH~RERDY 
CH WORKBl 
TOMBS fi GENERATION 
C0N5UMPT F 
CQNSUMPTN M 
CONTINUE " 
COST* CHRN6E 
CUM_U5E.C05T5 

DPIl Y DRTR 
DRTE FROM DAYNO 
DRTE~TQ DRYNO 

DELIVERY INIT 
DELIVERY M 
DELIVER MR? 
DELVR FLD INIT 
DELVR FLD M 
DISASSEMBLE 
DI5PLRY DRTR 
DI5PLRY~0UTPUT 
DLVRY CONTND 
DLVRY~5TRRTD 
DLVRYISTOP 

FIND DRTR RT 
FLDJXPCTJI. 

GO RHERD 
GO ON 
60JJNTIL_MP 

HOUR.RT.TIME 

INIT EXPER 
INIT_INPUT_ 

MRKE NRME 
MRT_PROD CHNG 
MRX~QURNT M 

4.13 
4.30 
5.9 
5.10 
4.63 
7.3 
4.45, 
4.46 
4.65 
4.65 

4.20 
4.28 
4.91 
4.13 
4.13 
4.13 
4.79 
4.10 
4.31 
4.90 
4.66 
5.21 

5.17 
4.110 
4.109 
4.50 
4.21 
4.34 
4.51 
4.47, 
4.70 
5.16 
5.18 
4.18 
4.17 
4.22 

5.34 
4.16 

4.86 
4.88, 
4.29 

4.111 

5.31, 
(4.4) 

4.10 
4.91 
4.23, 

7.2 

4.52, 7.4 

4.97 

w « w £ y 3«0* 

(4.78) 5.' 

4.52 
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NEf FILE 5 .3 
N0j)LVRN6JJNTIL 4.24 

PERO OUTPUT 5.20 
PRfSNG EXPrT 4.26 
PR0CE55.MRT 4.34 

QNT INTGR N 4.25 
QNTJRRNSFER 4.89 

RELORQ 5.62 
RESET 4.4 
RESET 4.46, 5.44, 5.63, 5.64 
RESET>_ *-49 
SELECT HM 5 5.11 
SERVICE HEED 4.60 
SHIFT CHN6E 4 . 3 , 4 . 3 3 , 4 . 5 4 , 4 . 6 3 , 5 .15 
SHIFT PERD 4 .102 
SHIFT UR6 4 .107 
SHIFT'iEEK 4.104 
5TRRT"RCTVTY 4.55 
5TRRT OPRTN 4.66, 4.36 
5TRRT~PRC5N6 4.27 
5TPRT iORK 6 4.69 
5TRTE CH LE 4.59 
STRTE CH HRT 4.14 
S T R T E ' C H ' H H S 4.64 
STRTE'CH'OP 4.84, 4.95 
5TRTE~C0STS" 4.74 
STOP RCTVTY 4.55 
STOP OPRTN 4.91, 4.99 
5T0P>RCSN6 4.32 
STOP 5TRRT OPRTNS 5.12 
STOP'iORK 6 4.70 
STORE COSTS 4.68 
SRVC.RPRJWN 4 .60 

TERMNT 4 .92 
TERMNT NO DLVR 4 .36 
TINE C~RCCUH 4 . 3 
TIME YR 4 .112 
TML FNCT FRC 4 .40 
TML LOSS'EXP" 4 .42 
TRRN5FER 4.98 

UPDRT QNT 4 .90 
UPDT LE 4.106 
UR6ENCY GRN6 4 .71 
URG GRN65 5 . 8 , 7 .5 
URG HRT EXT 4.44 
URfi MRT PRC" 4 .43 
USE.COSTS 5.22 

•RIT_MRTJ»RC 4.87 
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The scheduling of operations on a farm is described as a system and the 
theory and models used are presented. The program which simulates the 
scheduling system is written in SIMULA. A base model contains the basic 
components of the system such as men, machines, operations and crops. An 
experimental frame describes the input and output and defines the simula­
tion, An example is given of the scheduling of operations during wheat har­
vesting. Verification of the program and validation of the model are dis­
ccussed. Extensions valid for wheat harvesting are mentioned and sugges­
tions for use in other circumstances and applications are described. 

Pudoc Wageningen 


