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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



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 researchworkers, 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 wantd 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 -----cccccae-- Of--=-====-
: (harvesting) ' ‘
\i! \i Vol
v v v
straw in the field wet grain --) dry grain in storage
(baling) (drying)

Vil
v
bales in the field ------ccc----
: (gathering) '
Vil Vo
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 dgcribed 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:.

Mrn 8 | ----- Operations «---- Materials ----- Weather
machinery : (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: FFFFFFIT.. . TTTTIT.. ..1T
processing condition ‘dry’: FFFFT,, LFFFFTIF.. ..FF
processing condition 'wet': FFTIF,, FTTIFF.. ., .FT
workable: FFTIT.. LFITITF.. .FT
ready: FFFFF.. LFTITTF,.  L.FT

 omeemccoss vsaTmmeecesesn, , eeccasc=s ) time

(2)the sequence of columns reflects possible states of the grain during time.
(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
[ f./hal

oo ey

T

t [opt.] 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 ----- Weather

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-

9



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 A1, A2, A3 and A4, then he 1s
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 1s used for harvesting when baling is inappropriate and A4
for baling when harvesting is prohibited. Combination B1 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-AS8).

Table 2.5 Some gangs and combinations in the wheat harvest.

......................................................................

Men and machinery Available Required number in gangl/combination
number A1 R2 R3 R4 B1
Combine harvesting Drying
2 men 1 man 1 man

----------------------------------------------------------------------

man 2 2 1 2 1

tractor 2 1 1 2 1

rombine harvester 1 1 1 1

baler 1 1 1

grain trailer 2 2 2 2

grain dryer 1 1

----------------------------------------------------------------------



Table 2.6 Scheme of components and relations of the man-machine subsystem.

Men &  --c-.- Bang § wrvmecw
machinery H

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 (C1)
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: = ecececccecccccccccccrrecccecccccccatnaaan y time
combine harvesting TIXXTITIIY
drying wet grain FEEIRR BRI R R R0 R 000000004
gathering bales 24004044

10:00 15:00 20:00 ©00:00 clocktime
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Table 2.8 Scheme of components and relations of the subsystems and the scheduling system.

Man-marhine : Decision : Binlogical
subsystenm H subsystea | subsystem
Men &  ----- Gangs ~---- Operations ----- Materials ----- Weather
machinery S H H
H H 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’.

13



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;

14



— 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.
Avail- Process- Work- Ready Processing State Cause of change
able able able

---------------------------------------------------------------------

false down
rue false false down material delivered
true false false down field proressable
true true passive material workable
true run operation scheduled
false false false down material unworkable
true true passive again workable
true run operation scheduled
false false false down field completed and
next not proressable
true true passive field processable
true run operation scheduled
false false down material completed

(32) blank ;alue 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 materiatl

state run passive down
Cenn T decision  materialedecisinn
-~ passive decision material
~ down X material

---------------------------------------------------------

xs impossible transformatinn.
Where material is mentioned the transformation is autonomous
(sction); 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 needed’ 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 Resulting state of man or machine

state run passive down
cen decision ment 0f sachinetdecision
- passive decision man or machine

- down x man or machine

------------------------------------------------------------------

xz impossible transformation.
‘Man or machine' indicrates 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.

Rvailable State Cause of change
false down
true passive worktime begins and man is available
run man is used in a gang
passive man not used in any gang
run used again
false down 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 wsachine is not used in a gang
true down vachine stopped work and needs
service
false passive machine service completed

---------------------------------------- Y R R PR R R R AR R AN R RN R LY LYY X}

(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.

Current Resulting state of a gang/combinatinn

state run passive down

v T decision geng ¢ decision
passive derision gang

down x gang

...............................................................

x* impossible transformation.
‘Gang’' indicates a transformation that may be originated by men or
Rachines,

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, 1s 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 ar material

+ decision
passive decision gang or material

down X gang or material

.
..............................................................

xs impossible transformation. _
Gang or material have some autnnomous effects on nperations.

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

State Phase Cause of change
down inactive
passive gang becomes passive,

material processed becomes passive or a processing
condition of material processed becomes appropriate

run setup a decision starts the operation and the duration to set-
up the gang begins
busy after the completion of the set-up the men and machines
actually start work at a field
wait this operation completed the processing of the material

and another operation scheduled will deliver wmore
material after its set-up duration

busy this operation continues the processing of material
passive inacrtive a decision stnps the operation for some reasnn
dawn 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 1s dry
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Table 2.17 Schedule of operations in the wheat harvest and causes of events

v worktime of men ¢ no worktime

Causes: : moisture content of grain ¢ 23%

: drier storage filled

! bales are gathered

time --cccccccccecienicc ol )
Operations:
combine harvesting YY)
drying wet grain PEEEPE PR PRt P P04 4 0000004040000 4440 4
gathering bales 42000044

clocktime 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 1n 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, 1.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 workabilil-
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
and farm 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:

et

- procedure
- number of steps

- optimality

Structure of model:

- workability

- aggregated
workability

Rdvantages:

- solution
- model

Disadvantages:

- salution

- size of mudel

- model of
acceptable size

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

Linear
programming

simplex
nne

optimum

- (perfect inform.)

duration

loss of
caorrect flow

standard
algorithm
inequalities

too optimistic
limited

aggregated

to advise farmers.
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Dynamic
programsming

backward steps
one at esch
stage

optimum

chronological
ssquence
arbitrary
sequence and
uniform interval

complete search

network

limited

aggregated

Simulation

heuristic strategy
one at each stage

sub-optimum
(myopic search)

chronaological
sequence
arbitrary
sequence

network

sub-optimum



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 LABR_EQPMNT (formal parameter);
declaration nf farmal parameters
begin
declaration of local variables
declaration of local procedures
statements
end;

LRBR_EGPMNT class LABOUR;

begin
declaration of local variables
declaratiun of local procedures
statements

end;

LABR_EGPMNT class EGQUIPMENT;

begin
derlaration of local variables
declaration of local proredures
statements

end;
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ble MAN([i], for instance, refers to an object of LABOUR and a reference
variable MACHY[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:

MACHY(i]:- new EQUIPMENT (actual parameters);

where ‘:-’ is pronounced as ‘denotes’ and means that MACHYi] 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

1.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:

27



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) QUEUE], ...;

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 ‘Suc’, ‘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 1s 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 (T1);

‘Passivate;

Wait (Q1);

Cancel (REF-PROCESS);

where REF-PROCESS is a reference to a process, T a variable related to
‘Time’ and the time axis, T1 a duration and Q1 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 T1
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 Following states

state active suspended passivated terminated
active o ------:- Hold Pussivate B
Reactivate Vait
Cancel
suspended A Reactivate Lancel -
passivated Rctivate Activate - -
Reactivate Reactivate
terminated - - - -

----------------------------------------------------------------------

‘A’ occurs automaticly by stopping the execution of statements of the

Preceding active object; ) ]
'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 SFOBASE_MODEL ;
begin

Process class OPERATION;
begin
| declaration;

;;;rrdure OPERATE s
begin

Activate this OPERATION at Time prior;
end;

Il initial;
| dynamic;
while not END_EXPRMNT do begin

ﬁ;id (set-up duration);

.o

Passivate; | activated by CPERATE;

Passivate; | sctivated by START_OPRIN_;
end;

l terminal ;
end;...

Procerss class MATERIAL ;
begin
| declasaration;

procedure PROCESS_MAT;
begin

OPR.OPERATE ;
end;'..
i.'i nitial;

i..d ynamic;
while not END_EXPRMNT do begin

PROCESS_MAT;

if ... then Reactivate this MATERIAL at ...

else Passivate; ! reactivated in ...}
end;

! terminal;
.ndzool

Link class FIELD;
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
§AFEIO; 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
In 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-
&fam 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;
external 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.

34



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
only 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 SFOBASE-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 SFOBASE-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
are: 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 SFOBASE-MODEL and its attributes.

Simulation class SFDBASE_MODEL ( );
begin
Procrss class SHIFT_PERD ( );
Process class SHIFT_WEEK;
Praress class SHIFT_URG;
class COMP_ADMINISTRATION ( );
Process class [OMPONENT ( );

COMPONENT class LRBR-EQPHNT ( );
LABR_EGPMNT class LABOUR;
LRBR_EQPMNT class EQUIPMENT;

COMPONENT class MAN_MACH_SYS ( );
MAN_MACH_SYS class MAN_MACH _SET;
MAN_MACH_SYS class GANG_SET;

BANG_SET class GRANG_SET_GNRTD;

COMPONENT class MM_SYSTMS_SET;

COMPONENT class OPERATION;
OPERATION class DOPRIN_MATRL;
OPERATION class SRVC_REPR;

COMPONENT class MATERIAL ( );

MRIERIAL class PROCESSED _MAT ( );
PROCESSED_MAT class INITIAL_MAT;
PROCESSED_MAT class INTERMDT_MAT;

MATERIAL class FINAL_MAT;

COMPONENT class ADMINISTRAIOR;
class MRTRL_ADMN ( );
class ARER;
Link class FIELD; -
Process class UPDT_MAN_MCH;
Process class DECISION ( );
Process class WEATHER_MATIRL;

ref (SHIFT_PERD) arcay SH_PERD [0:SHS_PERD];

ref (SHIFT_WEEK) array SH_WKLY (0:SHS_WKLY];

ref (SHIFT_URG) array SH_URG [1:SHS_URG];

ref (COMPONENT) array COMPNT [1: );

ref (LABOUR) array MAN [ 1:MRNN);

ref (EQUIPMENT) array MACH [1:MACKNS];

ref (MAN_MACH_SYS) array MM_S [ 1:0ANGS. + FOMBS_bG1231;
ref (MAN_MACH _SET) array GANG [1:6ANGSI;

ref (GANG_SET) array COMB_G (1:00MBS_6%3);

ref (OPERATION) array OPRTN [1:0PRINS_MT + OPRINS_S R};
ref (OPRTN_MATRL) array OPR_MAT [1:0PRTNS_MT);

ref (SRVC_REPR) array OPR_S_R [0:0PRINS_S_R);

ref (MRTERIAL) array MATRL {(O0:MATRLS);

ref (PROCESSED_MAT) array MATRL_PRC {1:MATRLS_PROC]
ref (ABMINISTRATOR) RDMN;

ref (UPDT_MRN_MCH) UPDT_MM_SYS;

ref (DECISION) DECIDE;

ref (MEATHER_MATRL) WTH_MAT;

Link class RECORD_COMP (CMP); ref (COMPONENT) CMP;
Link class RECORD_LE (LBR_EQP); ref ({ABR_EQPMNT) LBR_EQP;
Link class RECORD_LB (LBR); ref (LABOUR) LBR;
Link class RECORD_MM_S (MN_MCH_SYS); ref (MAN_MACH_SYS) MN_MCH_SYS;
Link class RECORD_OPR (OPR_MT); ref (DPRTN_MATRL) OPR_MT;
Link class RECORD_SR_RP (SR_RP); ref (SRVC_REPR) SR_RP;
Link class RECORN_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 COMPONENT {sszezsszzzazsasssacerzecssszzzassasssznasy;
(NAME_COMP, SH_PRD, SH_WK);

value NRAME _COMP;

text NAME_COMP;

ref (SHIFT_PERD) SH_PRD;

ref (SHIFT_WEEK) SH_WK; 1if sh_wk then also sh_prd =/z nonell;
virtual: proncedure SHIFT_CHNGE_, RESET_, INIT_INPUT_;
begin
! d e c t A r A t i o n;
resl l--eeemmcmccccccocococ-. ;
COSTS_MRADE, lcum costs made, previous time;
COSTS_H, COSTS_H_FXD, COSTS_D, {costs’hour(var.,fixed),/day;
T_RUN_OVERTN, Ifor category of costs ctge » 1;
LT_RPO, (T_C; {lasttime of update nf time used! costs;
real array {ecremccccceccncncccnnna :
TIME_USED {1:3); lcumulative time used (d) in state: 1srun, 2spassive;
! Jzdown;
boolean femcmecveeccacecceccenany
AVLB_COMP, AVLB_COMP_PR; lavailability is changed by shift_perd or shift_week;
integer lememcemcccccccccecncnnn ;
CT6R, lcurrent category of costs in shift_week;
STATE, STATE_PREV, STRATE_NEXT; |z run, passive Tr down for current/ previous! next state;
text T |eeecesscccccnccccncacas :
NAME12, NOME?; Isubtexts of name_comp;
ref (COMP_RDMINISTRATION) )
COMP_ADMIN; 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-
rance 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_UHNGE_; R ve-e ceen  eeee;
begin lcalled in shift_week and shxft_perd;
TIME_C_ACCUM;
if SH_ WK =/s none then begin
AVLB_COMP:= SH_WX . AVLB_BK;
CTI6R:= SH_WK.COST_CTGR;
end else RVLB_COMP:s true;
RVLB_COMP:s RVLB ComMP and (if SH_PRD s/s none then SH_PRD.AVLB_PRD else true);

end; lredefined in some subclass:
procedure TIME_C_RCCUM; lece= ae-- ~-ee eeen ceee;
if AVLB_COMP then begin {called in state_ch_..., shift_chnge_, administration;

COSTS_D:= (COSTS_H « COSTS_H_FXD) & 24.0; {variable ¢+ fixed costs per hour --) per day;
if STATE = RUN then Rccum(COSTS_MADE,LT_C, COSTS_D, 0.0) else LT _C:s Time;

| {Accum requires: cum.var., prev.mament, level, change of level;
if STATE = RUN and CTAR » 1 then T_RUN_OVERTM:= T _RUN_GVERTM ¢+ Time - LT_RPD;
Rccum (TIME_USED [STATE), LT_RPD, LEVEL1, 0.0); lin (d);
l {time_used trunl is needod in scheduling faitures or service;
if COMP_RDMIN =/s none then COMP_RDMIN.TIME_C_RCC_;

end else

begin

LT _C:= LT_RPD:s Time;
if COMP_RDMIN =/: none then COMP_RDMIN,TIME_C_RCC_;
end;

Table 4.4 Procedure RESET and the initial section of class COMPONENT.

procedure RESET; ) {evon  eese coen cene cean;
begin lcalled in reload;

COSTS_MADE:= 0.0; LT _C:= LT_RPD:s Time; T_RUN_OVERTM:s= 0.0;

far I1:s RUN,PASSIVE,DOWN do TIME_USED (It):= 0.0;

RESET_;
end;
procedure RESET_;; lredefined in specifir component if wanted;
procedure INIT_INPUT_; ; {redefined in specific component;
l i n i t 3 a L;

NAME 12:- NRME_COMP.Sub(1,12);

NAME7 : - NRME_COMP,.Sub(1,7); Iname_comp is assumed 24 char. long;
if SH_PRD s/s none then new RECORD_COMP (this COMPONENT)., Into (SH_PRD.COMP_D)
else AVL.B_COMP:s true;

if SH_WK =/: none then new RECORD_COMP (this COMPONENT). Intn (SH_SK.CMP_Q);
lelse avib_comp:s avlb_comp and true;

CIGR:= 1;
STATE:= STRTE_NEXT:= RUN; linitial if not redefined in subclass;
inner; linitial section of subclass executed;

the initial section of this class where abbreviated names of twelve and seven
characters are denoted to NAMEI12 and NAMEY7, 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 SFDBRSE_HOBEL !::::ts:::lszlal:l::t:::t:llsstsss:azs:ls;
(LE_SGNS, MANN, MACHNS, MM_S_SETS, GANGS, COMBS_6, OPRTINS_MT, OPRTNS_S_R,
MATRLS INIT, MATRLS_PROC, MATRLS, SHS_PERD, SHS_WKLY, SHS_URR);

integer

LE_S@GNS, Inusber of types of labour & equipment;

MANN, Inumber of men;

MACHNS , Inumber of machines as tractors, animals, implements a,b,..,tools;

MM_S_SETS, {number of sets of combinations, see class definition;

GANGS, Inusber of gangs;

COMBS 6, Inumber of pure combinatinns: with two or mare gangs;

OPRTNS_MT, OPRINS_S_R, Inumber of operations for material, for service & repair;
MATRLS_INIT, Inumber of initial materials;

MATRLS_PROC, lnumber of mat.processed;

MATRLS, lnumber of materials;

SHS_WKLY, SHS_PERD, Inumber of shifttypes for components: week,/perind;

ﬁHSTURBS lnumber of shifttypes for urgency calc. of materials;
egin

Table 4.6 Declaration of variables of class SFOBASE-MODEL.

| d e c ! a r 3 t i (o] n;
integer [ecmcccsccccacanamnaannns :
RUN, PRSSIVE, DOWN, {states of objects;

107AL, AvaIL, fsubscript in Le_nmb [le_sqn,..};
HN_MCH_SYSTHS, Inumber of man-machine systems s gangs + combs_g;
OPRTNS, Inumber of operations in total;
u, iseed of random number generators;
YR N, Isequence number of current year;
BnV_TP__1JRN, DAY_TYPE_NOW, 1{day at 1 jan., current day, {smonday,etc.;
DRYS_NwB, lnumber of days since jan.1 at 0:00;
LAST_DAY_YERR, 1365 e.g. 1000: tn make last three digits equal each year;
I1, 42, [for loop indices; ! for a given date;
HONi TUE, WED, THU, FRI, SAT, SUN; {sequence number of days: 1, 2, ..., 7;
rea {eraceresnnamcnccenccnes ;
DAY_BGN, DAY_END, Ibegin, end of work in clocktime hours;
HOUR, DAY_FRARC_NOW, {fraction of day passed at hour = current time;

TIME 10N, Itime at 1 january 0:00;
GEVEL1F lused in acrum as a variable = 1.0;

lnh'gEl‘ array I---o-------------.----ti
LE_NMB [1:LE_SONS,1:2); Inumber of labour & equipment objects with;

! same sequential no., totals1 resp. availables2(not down);
boolean feemmmmeemmanssamcccanes ; _ -
END-ansonc END_EXPRMNT, {true if end of season or end of experiment is achieved;
ENDED_PRoCS, Itrue if materials are processed;
H"-S-SELEﬁT: ltrue if a man-machine system is selected to work;

ext array Jocceveasecccccccronanas ;

BAY_TXT3 (0:7), MNTH_TXT3 [1:12); :

text [eemmcrenccconacasesnnns ;
MNTH_DTS, YES;

ref (Head) array |secccmrccssranmesncacan ;

type le_sqgn;

LE_STRTE 0 [1:LE_SONS,1:3); Iqueue for labour & equipment objects of
: states: run, passive or down;

ref (Infile)

PRARAME TERS ; linput file to initialise system and elements;
ref (Printfile) o .
OGNT_TRF_FLD, loutput file to print quantities from/to fields;
URG_RPL_GUTP, THML_OUTP; furgencies, timeliness;

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

The class SFOBASE-MODEL is prefixed by ‘simulation’ so that ‘Proc-
ess’, ‘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
Mmen, 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 ‘!’ 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 SFOBASE-MODEL.
! i n i t i a L;

RUN:s1;PASSIVE :22;DOUN:=3;

TOTAL :=1;AVAIL :22;

LEVEL1:21.0;

U ::807; istart value of randomized seeds of random numbers, demos p.43;
MN_MCH_SYSTMS:= GANGS + COMBS_6 33; lnuaber overrated to allow generatinn of combinations;
DPRINS:= OPRINS_MT + OPRINS_S_R;

for I11:a RUN,PRSSIVE,NOUN do for J2:s 1 step 1 until LE_SGNS do LE_STRATE_B@ {J2,I1):- new Head;

MON:= 1; TUE:= 2; WED:s 3; THU:= 4; FRI:= 5; SAT:s 6; SUN:s 7;

DAY_TXT3 (0):- Copy (°*---*); DAY_TXT3 [1):- Copy ("Mon®); DAY_TXT3 (2]):- Copy (*Tue’);
DAY_TXT3 (3):- Cupy (*¥ed®); DAY_TXT3 (4):- Copy (*Thu®); DRY_TXTI (5):- Copy (*Fri*);
DRY_TXT3 [(B):- Copy (*Sat®)}; DAY_TXT3 (7]:- Copy (*Sun');

MNTH_TXT3 [1):- Copy (*Jan®); MNTH_TXTI3 [2}:- Copy (‘*Feb"); MNTH_TXT3 (3):- Copy (’Mar*);
MNTH_TXTI {(4):- Copy (°Rpr*); MNTH_TXT3 (S):- Copy (*May®'); MNTH_TXT3 [6):- Copy ("Jun*);
MNTH_TXT3 (7):- Cupy (*Jul®); MNTH_TXT3 (8):- Copy (*Aug’); MNTH_TXT3 [31:- Copy (°Sep’);
MNTH TXT3 (10):- Copy (°Okt®); MNTH_TXT3 (11):- Copy (°Nov®); MNTH_TXT3 (12):- Copy ("Dec’);
MNTH_DT6:- 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.

PPOCESS CllSS 'EQTHER-NQIRL: !8l8aas:slss8:::::::::::::::::::::8:lt:::;
begin .
[ d e (4 { a r 3 t 1 0 n;
real array I--eeemoomomnonoccoaee. P
PROPERTY ([1:MATRLS_PROC); {pruperty of natTrials controlling workability;
real  [|eeesseccccccoccccoocoe. :
DRY_TYPE_WTHR; Itype of day from input;
end;

€ss 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-
€rence 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 FffLD; lezzasssrxzsrzszsszssszszszsssaszzesaznsns)

gin .
! d ) c L a r t i 0 n;
real [eccccncaraceccnnnnsrars 3
QUANTITY, {lhal;
QUANT_F_PRD, QUANT F PRC, lcum. quantities produced and processed; .
GNT_IN FROCS. T lquantity processed but not vet subtracted ffoa quantity;
DATE_PRODCD, Idate of delivering field by producing material;
DATE_PROCSBL , Idate at which material becames processable;
DRTE_OPT_YLD; Idate of processing when max.yield is recovered;
text - [emecveccsccccsvssonnnann ;
NRME_FLD, FLD_SGNO_TXT, MAT_NO_FLD; .
ref (ARERA) R bbbt
FLD_RRER; lcontains attributes common to fields in the same area;
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Table 4.10 Procedures CONSUMPT-F and MAKE-NAME of class FIELD.

procedure CONSUMPT_F (GNT_F); {eeees  cew- ~ee=- .o ~-==;
real GNT_F; lcatled in mat.consumptn_m;
begin
if ONT_F > GUANTITY + 1.08-4 then begin
Outimage;
OQuttext (°Error FLD.CONSUMPT_F n Field, at Time,’); ‘
ODuttext (* Amount consumed » Amount in fieldl®); Outimage; Imay not nccur;

Outtext (NAME_FLD); Dutfix (Time,5,92); Outfix (GNT_F,6,12);
Dutfix (DURNTITY,B,12); Dutimage;
end; ]
GUANTITY:= QUANTITY - ONT_F;
GQUANT_F_PRC:s QUANT_F_PRC + ONT_F;
GANT_IN_PROCS:= ONT_IN_PROCS - ONT_F;
if GUANTITY ¢ 1.08-4 and ONT_IN_PROCS > 1.08-4 then begin lonly qnt_in_procs;
if Pred si{s none then Pred qua FIELD.GNT_IN_PROCS:« GNT_IN_PROCSIreported to;
else if Suc =/=z none then Suc qua FIELD.GNT_IN_PROCS:s GNT_IN_PROCSIsubsequent field;
I else 3if GNT_IN_PROCS » 1.048-3 then begin {may not occur;
OQutimage;
Outtext (‘Error FLD,.CONSUMPT_F in Field, at Time,’);
Outtext (* more Amount processed than Available®); Outimage;
Duttext (NAME_FLD); Dutfix (Time,B6,12); Outfix (GNT_IN_PROCS,6,12);
Outfix (QUANTITY,B6,12); Outimage;
end;
end;
end;

procedure MAKE_NAME (FLD_SGN, M_NO);
integer FLD_SGN, M_NO;
begin
FLD_SGNO_TXT.Putint (FLD_SGN);
MAT_NO_FLD.Putint (M_ND);
end;

Table 4.11 Class AREA and the declaration of variables.

class RREQ: lssssszzsasancszsssssssssssnssasasnnznzess;
begin .
d e c L a r 3 t 1 0 n;

reatl jecemcccccccecccarnacean ;

RCREAGE , i(hal Imay be used in submadels;

DISTRANCE, {[ka) Imay be used in submudels;

LATITUDE, LONGITUDE; 1 (km) Imay be used in submodels;

text AREA_NAME; |=eemcrecccccmceccnanses i

| i n i t 1 a L;

AREA_NAME :- Blanks (30);
end;

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.

COH’PONENI class MATERIAL (MAT_NO); ({¢ss2EzZEEcSE28 SIS LEENENEREESREEIRRE"
Integer MAT_NO; Isequence number of material; ‘
virtual: procedure ATTR_UPNT_M_, MAT_DVLPHNT_, DFELIVERY_M_,

EI;?;FLH'"" FLD_EXPCT W_, ATTR INT6_F_, DELVR_FLD_M_, RTTR_INTG_M_, MAX_OUANT_M_, CAP_EXC__M_;

! d e c

integer

DLR_OPRS, PRC_OPRS,
FLD_Q_SGN, FLD_G_SGN_PR,
LOOP_DYN,

M_POS, DRTE_NO, J9;
boolean '
RAVLBL, RAVLBL_NEXT,
:ORKBL, BORKBL _NEXT,
READY, RERDY_NEXT,
FLD_AT_TAIL,

SUPPLY_NDD,

DLVR_ALLWD,

BLVRY_SETUP, PRCSS_SETUP,
DELIVERING, PROCESSING;
real

QURNT _RRRVD,

GUANT _RVLBL,
GUANT_PROCSD,

GUANT _MX,

QUANT_MX_RCT,
GNT_MX_FRCT,
GNT_PROC_OPR, GNT_DLVR_DPR,
GNT_M, ONT_M_D,

GNT_PRC _DUMNM,

GNT_DLTD,

- ]

CRP_OPRS_PR(., CAP_OPRS_DLV,
CAP_RATID; -
llang;

real

EVIM_FLD, EVIM_MAX,
EVTH_DLVR_OK.
EVIM_DVLPHNT,

EVINM,

LT_DLVR, LT_PROC,
LT_INTEGRT,

BURTN_CBRS. DURTN_DELVR,
DURTN_N@_DLVR;

ref (MATRL_RDMN)

M_ADMN;

ref (FIELD)

FLD_C, FLD_D, FLD_E, FLD;
ref (Head)

FLD_@,

DPRTN_DLVR_Q. OPRTN_PROC_Q;

L a r a t i o n;

Inumber of operations delivering! processing;
Ifield sequence numbers;
lcounts steps at same time tu interrupt a loop;
lauxiliary var.;
lecerreoccccccccccccnnes ;
ltrue if material is available;
ltrue if general material attributes and;
Iweather 0.k., same for all fields;
Itrue if workable and (first or expected) field processable;
{true if new field is queued at end of fields;
ltrue if no quantity available;
ltrue if available quantity less then actual maximum;
ltrue after delivery ! proressing operation starts setup;
{true if material delivering/processing occurs;
|eecccccccennnncccccncas :
lquantity produced, delivered;
lquantity available = arrived - processed;
lquantity processed, consumed (incl.losses);
lallowed max. of available quantity;
lactual max., defined in subrlass as function of ...;
Ifactor used in max_quant_m_ to reduce actual max.quantity;
iquantity processed by operations but not yet transferred;
lauxil iary gquantities;
lcum. quantity processed but not available;
fcum. quantity that is deleted if no fields are available;
lexpected capacity of processing (depends on gangs);
lsum of capacity of operations processing/ delivering;
Icapacity factor due to attributes;

-

lemeeesrceccccocecnccnnwe ;
levent time for field consumed/ maximum gquantity delivered;

levent time to arcept delivery again;
levent time for autonomous development of attributes;

levent time;
Ilast times in deliver_mat,process_mat;
Ilast time of integratinn of quantity processed on fields;

Iduration of consumption/ delivering;
lduration delivering not allowed;

[eeceeremmccscccccrennn- ;
freference tn a class recording more data of material;

{field consumed, delivered,expected, any;

Iqueue 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 CH_AVLBL; foemm =ee- === Tees meesyg
l {called in supply_expct, dlvey_stop, consumpin_m, reset_, reset _m_;
if not (AVLBL eqv AVLBL_NEXT) then begin
3f M_ADMN /s none then M_RDMN.RDMN_AVLBL_;
AVLBL :+ AVLBL _NEXT;
end 33 of change of availability of material;

Procedure CH_WORKBL; [esee  aeee ———e ceme ceeny
' lcalted in attr_updt_m_;

begin
if not (WORKBL eqv WORKBL_NEXT) and M_RDMN s/: none then M_ROMN.ADMN_WRKBL_;
WORKBL : = WORKBL_NEXT;

CH_RERDY;
end 23 of change of workability of material and weather;

Procedure CH_RERDY; Jeeee  mee- s==- s=-- ===
beqgin Icalled in ch_workbl, supply_expct, consumptn_m, reset_, urg_mat_prc_;

if FLO_C == none then FLD _C:- FLD_Q.First; [may be an expected field;
READY NEXI « WORKBL and (if FLD_C =/= none then FLD_C.DATE_PROCSBL (= TIME_YR else false);

if not (RERDY eqv RERDY_NEXT) and M _ROMN s/s none then M_ ADMN . ADMN _RERDY_;

RERDY:= RERDY_NEXT;
end 23 of rhange nf readiness of material on first field;

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

Procedure STRTE_CH_MAT; R ceee -e-- c.eey
begin  {ralled in supply_expct, dlvey_stop, prcsng_expct, consumptn_m, stop_prcsng;
{ shift_chnge_,reset_, attr_updt_m, urg_mat_prc;

if STATE = STATE_NEXT then
STRTE_NEXT:=
if not (AVLBL and WORKBL and RERDY and AVLB_COMP) then DOWN
else if STATE = RUN or PRCSS_SETUP then RUN
l; else PASSIVE;
1f STATE <) STATE_NEXT then begin
ref (RECORD_OFR) REC _OPR_CNS;
TIME_C_RCCUM;
if M_ADMN s/= none then M_RDMN .ADMN_M_STATE_;
STATE PREV:» STATE;
STATE:s STATE _NEXT;
if stntg_pﬂgv s DOWN and STATE = PASSIVE then begin lcause from material, d ---) p;
BECIDE.MAT_PRSS:= true;
activate DECIDE at Time;

end;

if STATE_PREV =« RUN and STATE = DOWN then begin lcause from material, r ---) d;
DECIDE.MAT_DOWN:= true;
activate DECIDE at Time; Iresults in stop_oprin;

end;

l 1if state_prev = run and state = passive then caused by decision, r ---) p;

l tif state_prev = passive and states run then caused by decision, p ---) r;

| tif state_prev = passive and statee down then caused by material, p ---) d;

REC_OPR_CNS:-OPRTN_PROC_O.First; -1 littegal, d ---) r;

if STATE _PREV s DOWN or STATE = DOEN then

! Ichange in operations the state of material if d---dr,p or r,p---2d;

wvhile REC_OPR_CNS =/znone do begin
REC DPR tNS OPR_MT.STRTE_CH_OP_;
REC_OPR_ _CNS:- REC_OPR_ CNS.Suc;

end xx of change in operat:ons processing this material;
end;
end 33 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.

--------------------------------------------------------------

STRTE_PREV STRTE
RN PassIve DoeN
B decision material (8)
PASSIVE decision material
DOWN (rot allowed) material (%)

(2) In these cases DECIDE is informed and activated to consider the
consequences; note that the activation will become effective at Time 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_; lemee ee-- cene cema cemeg
| lcalled in reset_,supply_expct,consumptn m,urg mat prr
inspect new FIELD do begin - HIPRTYEXPETs pIR-B.OramItprC
FLD_D:- this FIELD;
Into (FLD_Q);
MARKE_NAME (0, MRT_NO);
DATE_OPT_YLD:= DATE_PROCSBL:= TIME_YR;
end; .
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Table 4.17 Procedures SUPPLY-EXPCT and DLVRY-STARTD of class MATERIAL.

procedure SUPPLY_EXPCT; [eoee  mmoeeeen eeneeeeg
begin Icalled in opritn.go_shead, .mat_prod_chng;
DLVRY_SETUP:s true;
DLR_OPRS:s DLR_OPRS + 1;

AVLBL_NEXT:s true; CH_AVLBL; leven if oprtn still in setup, may start processing;
1f SUPPLY_NDD and not PROCESSING and FLD_E =/= none then begin
FLD_E.Out; FLD_EXPCT_M_; lupdates expected field;
FLD_£:- FLD_C:- FLD_D;
CH_RERDY;
ATTR_INTG_F_; lupdates tml_value;
end;
STRTE_CH_MAT,
end;
procedure DLVRY_STARTD (OPR_MT2); Jecew  ene- ve-- .ee- cenn;
gef(OPRTN_HﬂTRLJOPR_HTZ: Icalled in oprin.go_on, .mat_prod_chng;
egin

ref (RECORD_OPR) REC_OPR_CNS1;

CAP_OPRS_DLV:s CAP_OPRS_DLV + OPR_MTZ.CAPCTY_RCTL;
DELIVERING:* true;

if STATE = RUN and not PROCESSING then begin

REC_GPR_CNS1:- OPRTN_PROC_D.First;

while REC_OPR_CNS1 /= none do inspect REC_OPR_CNS1.0PR_MT do begin
if RUN_PHASE = MAT_BAIT then WAIT_MAT_PRC; Icheck if processing can start;
REC_OPR_CNS1:- REC_OPR_CNS1.Suc;

end;

end;
end;

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-

1y of wet grain?
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Table 4.18 Procedure DLVRY-CONTND of class MATERIAL.
procedure DLVRY_CONTND; leeee  oe-- ce-- cee- ceeej

if STATE = RUN and PROCESSING and SUPPLY_NDD then begin lcalled in oprtn.go_on;
ref (RECORD_OPR) REC_OPR_CNS2;
REC_OPR_CNS2:- OPRTN_PROC _B.Fiest;
while REC_OPR_CNS2 =/s none do inspect REC_OPR_CNS2.0PR_MT do begin
if RUN_PHASE = GO_ON_WAIT then WAIT_MAT_PRC; Iprncessing can continue;
REC_OPR_CNS2:- REC_OPR_CNS2.Suc; -
tnd;'nd;

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 RCCEPT_UNTIL; laeee  ace- cvee ~ene ~ee=;
lcalled in oprin.go_on, dlvey_stup, start_/stop_prcsng, cap_chng_dlv/_prcsng, max_guant_m_;
if DELIVERING and DLVR_RLL¥D then begin Ifind point when storage is full;
GNT_INTOR_M;
DURTN_DELVR:= if CRP_OPRS_DLV - CRAP_OPRS_PRC » 0.0
then (QUANT_MX_ACT - (QUANT_AVLBL - ONT_PROC_OPR ¢+ GNT_DLVR_OPR)) /
(CAP_OPRS_DLV - CAP_OPRS_PRC) /1 24.0
else -1.0; levtm expected from other material;
EVIM_MAX:s Time ¢+ DURTN_DELVR;
if DURTN_DELVR » 0.0 then EVIM_MAX:= RMAX (EVIM_MAX,
if Time ¢ 1.08-4 > Time then LT_DLVR ¢+ 1.08-4 else LT _DLVR ¢+ 1,08-3);
if DURTN_DELVR ¢s 0.0 then EVIM_MBX := Time - 1.0; lirrelevant;
if EVIM_MAX ) Time and
(if not Idle then Evtime > Time and EVIM_MAX ¢ EVIM else true)
then reactivate this MATERIAL at Time;
end of accept_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
€nsure 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
18 checked by calling the ‘virtual’ procedure MAX-QUANT-M-. If a f:heck
On the flow of quantities is required and QNT-TRF-FLD refers to a printfile

Table 4.20 Procedure CAP-CHNG-DLV of class MATERIAL.

Prucedure CAP_CHNG_DLY (OPR_MT3); f-ee-
"ef (OPRTN_MATRL) OPR_MT3; .
1f DELIVERINS then begin {called in oprtn.cap_gnt_chng;
ONT_INT6R_M;
CRP_OPRS_DLV:s CAP_OPRS_OLV ¢ OPR_MT3.CAP_CHNG;

RCCEPT_UNTIL;
!ﬂd;
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Table 4.21 Procedure DELIVERY-M- of class MATERIAL.

procedure DELTVERY_M_ (OPR_MT1); N .- R T
ref (OPRTN_MATRL) DPR_MT4;
begin Icalled in oprtn.gnt_transfer;
ONT_INTOR_M;
GNT_M_D:= OPR_MT1.BURNT;
GUANT_RRRVD:= GUANT_RRRVD + ONT_M_D;
QUANT_RVLBL :» DUANT_RVLBL + ONT_M_D;
GNT_DLVR_DPR:= ONT_DLVR_DPR - ONT_M_D;
if GNT_M_D » 0.0 then DELVR_FLD_M_(ONT_M_D, OPR_MT1.MAT_PROCL1).FLD_C);

! only properties of first field of first material processed by operatianl!;
if PROCESSING and SUPPLY_NDD then PROCESS_MAT; lconsumes the delivered field;
MAX_QUANT _M_;

inspect GNT_TRF_FLD do begin
Setpos(M_P0OS);
OQuttext(FLD_D.FLD_SQGNQ_TXT);
Outfix(QNT_M 0.2, 7);
if FLD_0_SGN > FLD ﬂ _SBN_PR then Outtext(°nF’);
FLD_Q SQN _PR:= FLD 0 SON
end;
1f QUANT_RVLBL > 1.08-4 then SUPPLY _NDD:= false;
if FLD_E s/+s none then begin
if FLD_E.QUANTITY ¢ 1.08-4 and FLD_E.QNT_IN_PROCS ¢ 1.08-4
and FLD_E =/s FLD_C and FLD_E =/= FLD_D then begin
FLD_E.Out; FLD_E:- none;

end;
end;
if not PROCESSING then FLD_C:- FLD_Q.First;
if PROCESSING and (FLD_D == FLD_C or EVIM_FLD ¢ Time) then GO_UNTIL_MP; ladjust evim_flLd;

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 EVIM-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, EVITM-MAX equal to the current moment, Time. Further on
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Table 4.22 Procedure DLVRY-STOP of class MATERIAL

procedure DLVRY_STOP (OPR_MT4); P IR LT P
ref (OPRTN HﬂfRL) OPR_MT4;
begin lcalled in oprtn.termnt,.mat_prod_chng;

if PROCESSING and QUANT_RVLBL ¢ GNT_PROC_OPR and CRP_ OPRS DLV ¢ CAP_OPRS_PRC
then PROCESS_MAT; lutherwise message in dlvr update when delxverzng = fatse;
inspect OPR_Nld do
if RUN_PHASE »s BUSY then {go_on was called;
CAP_OPRS_DLV:s CRP_OPRS_DLY - CRAPCTY_RCTL;
DLR_OPRS:= DLR_OPRS - 1;
if DLR_OPRS = 0 then begin
CAP_DPRS_DLV:s 0.0;
ONT_DLVR_DOPR:=s 0.0;
DELIVERING:= DLVRY_SETUP:s false;
if QUANT_AVLBL ¢ 1.08-4 then begin |started without result aor prucessed;

RVLBL _NEXT:s fulse; CH_RVLBL;
STRATE_CH_MAT;
end;
EVIM_MRX:e Time;
end;
if nat DLVR_ALLWD then NO_DLVRNG_UNTIL; lto find time when delivery is accepted;

RCCEPT_UNTIL; .
4 if not Idle then reactivate this MRTERIAL at Time;
en;

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 1rrelevant), but

Table 4.23 Procedure MAX- QUANT-M- of class MATERIAL

Procedurs MAX_GUANT_M_; leome  cece  emee | aeee aeaeg
begin Icalled initial and in delivery_m, consumptn_m, termnt_no_dlve, rpset 23

GNT_INTGR_M;

QUANT _MX QFT:- QUANT _MX

2 (if QUANT JRVLBL - GNT _PROC_OPR + ONT_DLVR_OPR »= QURANT_MX_RCT -1.08-2

then ONT_MX FRCT else 1,.0);

DLVR QLL.B:- QUANT_AVLBL - GNT_PROC_OPR +ONT_DLVR_OPR ¢ QUANT_MX_RCT - 1.08-2;

! laccept_until is called later on in oprtn.go_on_;
end; Itermnt_no_dlvr is called later on in dynamic;
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Table 4.24 Procedure NO-DLVRNG-UNTIL of class MATERIAL.

procedure NO_DLVRNG_UNTIL ; Jeeee  cee- vee- cese  ewme;
begin lralled in go_until_mp, dlvey_stop, trrnnt ho_divr
if not DLVR_ALLWD and PROCESSING then begin
GNT_INTGR_M;
DURTN_NO_DLVR:= lin days; lcap_oprs_dlv is 0.0;

if CRP UPRS _PRC ¢= 0.0 then -1.0 else

(QUANT RVLBL - GNT_PROC_OPR + GNT_DLVR_OPR - QUANT_MX_ACT) !CAP_DPRS_ PR | 24.0;
EVIM_BLVR_OK:= Time + DURTN_NO_DLVR +

(if DUﬁTN_NU_BLVR y -1.0 1 24.0 Inot yet 1 hour from max.;
then 1.0 1 24.0 ’ {add one hour extra;
else 0.0);

end

else EVIM_DLVR OK:s Time - 1.0; {yesterday = irrelevant;

if EVIM_DLVR_DK > Time and
(if not Idle then Evtime > Time and EVIM_DLVR_OK ¢ EVIM else true)
then reactivate this MATERIAL at Time;

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; ' - focee weee ceee eeee —aeey
begin lcalled in start_prcsng, cap_chng prcsngldlv:

igo_until_mp, accept_until, no_dlvrng_until, delivery_m_, adjust_gquant, max_guant_m_;
ref (RECORD_OPR) REC_OPR_C_D;

procedure GNT_UPDT_CPR; lecee  we-- ~e-e cee- ceeey
while REC_OPR_C_D s/t none do inspect REC_OPR_C_D.OPR_MT do begin
1f RUN_PHRSE = BUSY then begin
CAP_ONT_CHNG(1.0); lupdates quent;
GNT_M:= ONT_N + QUONT;
end;
REC_OPR_C_D:- REC_OPR_C_D.Suc;
end;

if LT_INTEGRY ¢ Time then begin

LT_INTEGRT:= Time;

if FLD_C s/= none and PROCESSING then begin
GNT_M:= 0.0;
REC_OPR_C_D:- OPRTN_PROC_Q.First;
ONT_UPDT_OPR;
GNT_PROC_OPR:s ONT_M;
ATIR_INTG_F_; lupdates timeliness lonsses and costs;
FLD_C.GNT_IN_PROCS:= GNT_M;
GNT_M:= 0.0

end;

if FLD_D ¢/« none and BELIVERING then begin
GNT_M:= 0.0;
REC_OPR_C _D:- DPRTN_DLVR_Q.First;
GNT_UPDT_OPR;
GNT_DLVR_OPR:s GNT_M;
ONT_M:s 0.0;

end;

end;
end 3t of inteyration 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-C's 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 PRUSNG_EXPCT; femee  eaa- “e-- .- -.—e;
begin icalled in oprtn.go_ahead;
PRCSS_SETUP:= true;
PRC_OPRS:= PRC_OPRS + 1;
STATE_NEXT:: RUN;

STATE_CH_MAT;
end;
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Table 4.27 Procedure START-PRCSNG of class MATERIAL.

procedure START_PRCSNG (DOPR_MIS); lescas  eea- c==- cene ceeaay
ref (OPRTN_MRTRL) OPR_MTS;
begin lcatled in nprin.go_on;

if PROCESSING then ONT_INTGR_M lanother operstion was already started;

else begin
PROCESSING:s true;
if FLO_E s/= none and QUANT_AVLBL » 1.08-4 then begin
if FLD_E.QUANTITY ¢ 1.08-4 then begin
FLO_E.0ut; FLD E:- none;
end;
end)
FLD_C:- FLD_Q.First;
) while FLD_C.QUANTITY ¢ 1.08-4 and FLD_C.Suc =/= none do FLD_C:- FLD_C.Suc;
end;
CAP_DPRS_PRC:= CAP_OPRS_PRC + OPR_MTS.CRPCTY_RCTL;
RCCEPT_UNTIL;
end 23 of starting an operstion proressing this material;

Table 4.21!); the first field with a quantity is referred to as FLLD-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 CRAP_CHNG_PRCSNG (OPR_MT6);: lecee  ceee cees cewa meaas
ref (OPRTN_MATRLIOPR_MTGE;
if PROCESSING then begin lcalled in oprtn.cap_gnt_chng;
GNT_INTGR_M;
CAP_OPRS_PRC:= CRAP_OPRS_PR( + OPR_MT6.CRP_CHNG;
BO_UNTIL_MP;
RCCEPT_UNTIL;
end;

Table 4.29 Procedure GO-UNTIL-MP of class MATERIAL.

procedure GO_UNTIL_MP; lecee  ae-. cnaa S cemeg
if PROCESSING then
begin lcalled in oprtn.go_on,cap_chng_prcsng, stop_prcsng;

ref (FIELD) F1;
ONT_INTGR_M;
Fi:- FLD_C; Iskip fld_e:;
wvhile FLD_AT_TAIL and F1.QUANTITY ¢ 1.04-4 and F1.5uc =/+ none do F1:- F1.5uc;
while not FLD_RT_TAIL and F1.QUANTITY ¢ 1.08-4 and F1.Pred =/z none do F1i:- F1.Pred;
DURIN_CONS:= if CRP_OPRS_PRI ¢» 0.0
then (F1,QURNTITY - ONT_PROC_OPR) 7/ CRAP_OPRS_PRC ! 24.0
else -1.0; levim experted from other material;
EVIM_FLD:s Time + DURTN_CONS;
if DURTN_CONS » 0.0 then EVIM_FLD:= RMAX (EVIM_FLD,
if Time ¢+ 1.08-4 ) Time then LT_PROC + 1.04-4 else LY_PROC + 1.08-3);
if DURTN_CONS (= 0.0 then EVIM_FLD:s Time - 1.0; lirrelevant;
if EVIM_FLD » Time and
(if not ldle then Evtime ) Time and EVIM_FLD ¢ EVIN else true)
then reactivate this MATERIAL at Time;
if CRP_GPRS_DLV ¢ CAP_OPRS_PRC and DELIVERING and SUPPLY_NODD
then DECIDE.DLVRY _SLWR:= true; _
if nat DLVR_ALLWD then NO_DLVRNG_UNTIL; Inew event time?;
end 3% 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, EVIM-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).

(i) 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.

(iii) 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 deliv-
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 ADJUST_QUANT; lecce e-e- .=-- cew- .-ee;
begin Icalled from nprin.qnt_transfer;
GNT_INTGR_M;
if QUANT_RVLBL ¢ GNT_PROC_OPR - 1.08-4 and DELIVERING then DELIVER_MRT;

if PROCESSING and QUANT_RVLBL > 1.08-4 and FLD_C 2/* nune then
! lmove tu field with quantity and remove empty field (fld_e);
| lhowever no check on readiness of fieldll;
while FLO_C.QUANTITY ¢ 1.08-4 and
(if not FLO_AT_TARIL then FLD_C «/s FI.D_B.First slse FLD_C =/= FLD_O.Last) do inspect FLD_C do
if not FLD_AT_TRIL and Preds/s none then begin
Pred qua FIELD.ONT_IN_PROCS:= GNT_IN_PROCS;
FLD C:- Pred;
if FLD_C.Suc sis FLD_D then FLD_C.Suc.Out;
end .
else if FLD_AT_TRIL and FID_C.Suc s/: none then begin
Suc qua FIELD.GNT_IN_PROCS:s GNT_IN_PROCS;
FLD_C:- Suc;
if FLD_C.Pred =is FLD_D then FLD_C.Pred.Out;
end;

| Idifferences due -to rounding errors of Time when single precision var.;
| Icorrections befare delivering ¢+ consumptinn in oprin.gnt_transfer;
if QUANT_RVLBL ¢ GNT_PROC_OPR then begin
GNT_PRC_DUMM:= ONT_PRC_DUMM + GNT_PROC_OPR - QUANT_AVLBL;Icum. differences;
if GUANT_AVLBL ¢ ONT_PROC_OPR - 24.08-3 s CAP_OPRS_PR( and
not (DELIVERIN- and CRP_OPRS_DLV ¢ CRP_OPRS_PRC Idlve slower than prcsng;)
then begin
Outimage;
OQuttext (*Warning MATRL.ADJUST_QUANT in Material, at Time:*);
Outtext (*Amount available ¢ Rmount processed by operation.*); Outimage;
Outtext (NAME_COMP); Outfix (Time,6,12); Outfix (QUANT_RAVLBL,6,12);
Outfix (OGNT_PROC_OPR,6,12); Outimage;
Quttext (*Event-time of firld passed? Rmount in field, Cum. amount nat processed.’};
Outimage; Outfix (EVIM_FLD,B,12); Outfix (FLD_C.QUANTITY,6,12);
Outfix (GNT_PRC_DUMM,B,12); Outimage;
end;
if GNT_TRF_FLD s/s none and not (DELIVERING and CRP_OPRS_DLV ¢ CRP_OPRS_PRC )
and QUANT_RVLBL ¢ ONT_PROC_OPR - 1.08-4 then
inspect GNT_TRF_FLD dua begin
Outimage;
Outtext (*Warning MATRL.ADJUST_BURNT in Material, at Time:*);
OQuttext ("RAmount available ¢ RAmount processed by operatinn.’); Dutimage;
OQuttext (NAME_COMP); Outfix (Time,6,12); Outfix (OUANT_AVLBL,6,12);
Outfix (GNT_PROC_OPR,6,12); DButimage;
OQuttext (*Event-time of field passed? Amount in field, Cum. amount not proressed.*);
Outimage; Outfix (EVIM_FLD,6,12); Dutfix (FLD_C.QUANTITY,6,12);
Outfix (GNT_PRC_DUMM,6,12); Dutimage;
end;
FLD_C.GNT_IN_PROCS:s GNT_PROC_OPR:s= QUANT_RVI BL; ladjusted to avibl quantity;
end;

if Rbs(EVIM_FLD - Time) ¢ 1,08-4 and PROCESSING and FLD_8.First s= FLD_O.Last
then inspect FLD_C do Ilength = 1;
if Rbs (ONT_IN_PROCS - QUANTITY) ¢ 24.04-3 s CRP_OPRS_PRC then begin
GNT_PRC_DUMM:= ONT_PRC_DUMM + ONT_IN_PROCS - QUANTITY; Icum. differences;
GNT_PROC_OPR:= GNT_IN_PROCS:s QUANTITY; ladjusted to quantity aof field;
end; lelse mare fields with quantity or already adjusted;
end 322 of nuantity adjustaent;

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.

(ii) The decrease of the quantity available, QUANT-AVLBL, the increase

Table 4.31 Procedure CONSUMPTN-M of class MATERIAL.

Procedure [ONSUMPIN_M (OPR_MT8); [ecee  cve- cee- ---- ——ee;
eef (OPRTN_MATRL) OPR _M18;
begin Icalled in oprtn.qnt_transfer;

real ONT1,0NT2;

ref (FIELD) F2;

UNT1:= GONT_M:« OPR_MT8.QUANT;

F2:- FLD_C;

while GNT1 >= 1,04-4 and

(if FLD_C «/s none then FLD_C.QUANTITY ) 0.0 else false) do

begin Isome quantity processed may be lossed;
GNT2:s RMIN (ONT1, FLD_C.QUANTITY); Iqnt2 ¢+ fld_c.quantity;
RTTR_INTO_M_ (GNTZJ -lupdates costs of material;

FLD_C.CONSUMPT _F (9N72)3
lnspaut GNT_ TRF _FLD do begin

Setpos(H_POS):

Outtext(FLD_C.FLD_SGNO_TXT);

Outtext(® -*);

Dutfix(GNT2,2,5);

if FLD_C.QUANTITY ¢ 1.08-4 then Outtext('efF*);

if GNT1 > GNTZ + 1.08-4 then Dutimage;
end;
GNT1:= ONT1 - ONT2;
if FLD_C.QUANTITY ¢ 1.08-4 and FLD_C.ONT_IN_PROCS ¢ 1.08-4 then FLD_C.Out;
if FLD_C.QUANTITY ¢ 1.08-4 then FLD_C:- FLD_B.First; Ifield may be fld_e or none;
if FLD_C s!= none then ladjust to field with gquantity;
while FLD_C.QUANTITY ¢ 1.08-4 and FLD_C.Suc s/s none dn begin

if FLD _(C.ONT_IN_PROCS » 1.08-4

then FLD _C. Suc qua FIELD.ONT_IN_PROCS:= FLD_C.GNT_IN_PROCS;

FLD_C:- FLD _C.Sucy

FLD_C.Prcd.Out: lremove empty field;
end
if 6“11 ) 1.08-4 and FLD_C =/+ none thenladjust to field with qnt_in_procs;
while FLD_C.ONT_IN_PROCS ¢ 1.08-4 and FLD_C.Suc =/= none do FLD_C:- FLD_C.Suc;
if GNT1 > 1.08-4 and FLD_C == none then begin

Outtext C*Error MATRL. CONSUMPTN_M in Material, at Time,’);

OQuttext (* Amount processed is not available!®); Outimage;

Outtext (NAME_COMP); Outfix (Time,6,12); Outfix (BNT1,6,12); Imay not occur;
Outimage;
GNT_M:= GNT_M - ONT1; GNT1:= 0.0;

end;

end;

UNT_PROC_OPR:» ONT_PROC_DPR - ONT_M;
QUANT ﬂ\iﬁl:l QUANT _AVLBL - GNT M
QUANT_PROCSD:» QUANT _PROCSD + GNT_M;
ONT H's 6.0;
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Table 4.31 (continued)
if (if FLD_C == nune then true

¥
I3

plse FLD_ =s FLD_E and not DLVRY_SETUP
and QUANT_RVLBL ¢ 1.08-3 and FLD_E.GNT_IN_PROCS ¢ 1.08-4)

and QUANT_AVLBL ) 0.0 then begin

en

if

GONT_DLTD:= ONT_DLTD + DUANT_AVLBL;

if GUANT_AVLBL > 1.08-2 then begin
Outimage; '
Outtext ("¥arning MATRL.CONSUMPTIN_M in Material, at Time,*’);
Outtext (' Available amount deleted, Cum. deleted amount®); Dutimage;
Outtext (NAME_COMP); Outfix (Time,6,12); Outfix (QUANT_AWVLBL,6,12);
Outfix (GNT_DLTD,6,12); Outimage;

end;

inspect ONT_TRF_FLD do begin
Outimage;
Outtext (*Warning MATRL.CONSUMPTN_M in Material, at Time,’);
Duttext {* Available amount deleted, Cum. deleted amount®); Qutimage;
Duttext (NAME_COMP); Dutfix (Time,6,12); Outfix (QUANT_AVLBL ,6,12);
OQutfix (GNT_DLTD,6,12); Dutimage;

end;

QUANT_AVLBL:s 0.0;

d;

QUANT_AVLBL ¢ 1.08-4 and DELIVERING then DELIVER_MAT;

if QUANT_AVLBL ¢ 1.08-4 then begin

QURANT_RVLBL:= 0.0;
SUPPLY_NDD:s true;

if not DLVRY_SETUP then begin lelse adjusted in dlvry_stop;
RVLBL _NEXT:s false;
CH_AVLBL ;
DECIDE.END_FLDS:s true; Imat_down follows in state_ch_mat;
end;

if not AVLBL or (FLD_C ss none and not DLVRY_SETUP) then begin
FLD_Q.Clear;
FLD_EXPCT_M_; FLD_E:- FLD_C:- FLD_D;Imake an experted field;
ADMN.DISPLAY_DATA_; lupdates display data before states are changed;
end;

end;
if FLD_RT_TARIL then FLD_D.Into (FL.D_G) else FLD_D.foltow (FLD_Q);

lplace fld_d in queue when removed with fld_c or not;

if F2 s/« FLD_C then ATIR_FLD_M_;

CH_RERDY; iready may change with next field;
STRTE_CH_MAT;

MAX_QUANT_M_;

end;

(iii)

(iv)
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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).

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.

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



Table 4.32 Procedure STOP-PRCSNG of class MATERIAL.
procedure STOP_PRLSNG (OPR_MT7); R

ref [OPRTN_MATRL) OPR_MT7; Iralled in oprtn.termnt;
begin

inspect OPR_MT7 do

if RUN_PHRSE »s= BUSY then lgo_on was called;

CAP_DPRS_PRC:= CAP_OPRS_PRC - CAPCTY_RCTL;
PRC_OPRS:= PRC_OPRS - 1;
if PRC_OPRS = 0 then begin
PROCESSING :a PRCSS_SETUP:x false;
GNT_PROC_OPR:= 0.0; CAP_DPRS_PRC:s 0.0;
if STATE « RUN then STATE_NEXT:s PRSSIVE;!stop not caused by material;

STATE_CKH_MAT;
EVIN_FLD:s Time -1.0;

end;
GO_UNTIL_MP; lcontinue with remaining operations;

RCCEPT_UNTIL;
if not Idle then reactivate this MATERIAL at Time;

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 cr 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 v n a " i c;

while not END_EXPRMNT do begin
if Abs (EVIM_MAX - Time) (= 1.08-5 and DEL.IVERING then DELIVER_MAT;

{ ldue to maximum quantity achieved;
if Rbs (EVIM_FLD - Time) ¢s 1.08-5 and PROCESSING then PROCESS_MAT;

{ ldue to field completion;

1f Abs (EVIM_DLVR OK - Time ) ¢+ 1.08-5 then TERMNT_NO_DLVR;

| ({due tn actual quantity (= max;

if Rbs (EVIM_DVLPHNT - Time ) ¢ 1.08-5 then MAT_DVLPMNT_;

] ldue to autonomous develonpment;

EVIM:s RMIN (
(if PROCESSING and EVIM_FLD » Time ¢ 1,08-5 then EVIM_FLD else 1.08+3),
(if DELIVERING and EVIM_ MAX > Time + 1. 08 S then EVIM_ MAX else 1.08+3) );
EVIM:s RMIN (EVIM, RMIN (
(if EVIM_DLVR_OX > Time ¢ 1.08-5 then EUIH DLVR_OK else 1.08+9),
(if EVTH DVLPMNT » Time ¢ 1.08-5 then EVIH DVLPMNT else 1.0848) ) };
LOGP_OYN:- Af Time ¢ EVIM then 0 else LOOP_BYN ¢ 1;
if LOOP_DYN »s 10 then begin
Outtext (*The system arrived at a lonp in the dynamic section of material: *);
Outtext (NAME_COMP); Outimage;
Outtext (* at time:*); Outfix (Time,B,12);
Outtext (*; A runtime error 1s forced to enter simddt.’); Outimage;
Duttext (*You may continue by giving: 'input evim:s x’, where x = time ¢+ y*);
Outtext (* and vy 70 (e.g. 0.001 day).'); Outimage;
LOOP_DYN:= LOOP_DYN / 0; {causes a runtime error;
l IYou can continue in simddt by giving: - put evim:= x ,{x > timel);

end;
if EVIM » Time ¢+ 1.08-5 and EVIM ¢ 1.08+8
then
reactivate this MRTERIRL at EVIM
else Passivate; Ireactivated in go_until_mp, accept_until, no_dlvrng_untit;
end 23 of while dynamic; | and in mat_dvipant_, 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.

prncedure DELIVER_MAT; l--- -—e- —ee- ceve R
| Icalled in dyn., adjust_quant, urg_mat_prc_, consumptn_m;
i1f LT_DLVR ¢ Time and DELIVERING then begin
ref (RECORD _OPR) REC_OPR_DLV;
LT_DLVR:s Time;
REC_OPR_DLV:- OPRTN_DLVR_Q.First;
while REC_OPR_DLV =2/s none do begin
REC_OPR_DLV.OPR_MT.UPDAT_QGNT;
REC_OPR_DLV:- REC_OPR_DLV.Suc;
end;
if DLVR_RLLWD and DELIVERING then begin
REC_OPR_DLV:- OPRTN_DLVR_Q.First;
while RE[_OPR_DLV =/= none do begin
REC_OPR_DLV.OPR_MT.FONTINUE;
REC_OPR_DLV:- REC_OPR_DLV.Suc;

end;
end
else if not DLVR_ALL¥D then begin Istop producing by activating decide;
DECIDE.MAT_MAX _GNT:= true;
activate DECIDE at Time; lcalls divry_stop and no_dlvrng_until;
end;
end;
procedure PROCESS_MAT; leeee oce- ~-e- cese  emeey

! lcalled in dynamic, atte_updt_m_, urg_mat_prc_, delivery_m_, shift_chnge_, dlvry _stop;
if LT_PROC ¢ Time and PROCESSING then begin
ref (RECORD_OPR) REC_OPR_CNS3, REC_OPR_DLVY;
LT_PROC:= Time;
REC_OPR_CNS3:- OPRIN_PROC_O.First;
while REC_OPR_CNS3 =/ none do begin
RFC_OPR_CNS3.0PR_MT.UPDAT_GONT;
REC_OPR_CNS3:- REC_DPR_CNS3.Suc;

end;
if (AVLBL or DLVRY_SETUP) and STATE ¢» DOWN Idown may be due ta next field not ready;

and PROCESSING then begin
REC_OPR_DLV1:- OPRIN_DLVR_Q.First;
if not SUPPLY_NDD or DELIVERING then begin
REC_OPR_CNS3:- DPRTN_PROC_O.First;
while REC _OPR_CNS3 s/+ none do begin
REC BPR CNS3 OPR_MT.CONTINUE;
REC_OPR_ENSS:- REC_BPR_[NSS.SUC:
end;

end
else Imaterial exhausted;

while REC_OPR_DLVY 2/s none do inspect REC_OPR_DLV1.0PR_MT do begyin
if STATE = RUN then MAT _PRD_RGRD:= true; Istate of ocperationl|;
REC_OPR_DLV1:- REC_OPR_ DLV1.Suc;

end;
end; lelse state changed into \processing or \ready or (lavailable and \dlvey_setup);
! ... decide will be activated in state_ch_mat;

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
UPDAT_ONT (called in ) UPDAT_GNT (called in )
( ) ( )
CONTINUE (DELIVER_MAT) CONTINUE (PROCESS_MAT)

MAT_PRD_RGRD (Variable of nperation )
(set to true in PROCESS_MAT)

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

procedure TERMNT_NO_DLVR; foeee ee-- --e- -=-- ---e;
begin lcalled in dynamic;
MAX_GUANT _M_; imay change dive_allwd;

if DLVR_ALLWD then begin
DECIDE .MAT_DLV _OK:s true;
activate DECIDE at Time;
EVIM_DLVR_OK:s Time - 1.0; lyesterday = irrelevant;

end
else NO_DLVRNG_UNTIL; irevise event time;

end;

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) l_
INTERMDT-MAT (Section 4.1.6)

FINAL-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 non 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.

”ﬂTERIQL class PROCESSED_H“T !l::lt:::::::::l::::::::::::sss::::l:::as3
(SH_URGN, PROC_CNDTNS, TML_FNCTINS, TML_DATES, CNDINS_W_T, DAYS_WT_DATR);

ref (SHIFT_URG) SH_URGN; lnbject calculating urgency of material;

integer

PROC_CNDINS, lnumber of (exclusive) conditions in processing;

TML_FNCINS, Inumber of timeliness functions;

TML_DATES, Inumber of dates with timeliness data given;

CNDINS w_T, Inumber of conditions and;

ORYS_wr_pATA; Idays for which expected workable time is given;

virtual proredure URG_MAT_PRC_, URG_MAT_EXT_, RESET_M_, DELIVERY_INIT_, DELVR_FLD_INIT_;
brgin
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Table 4.38
t d

boolean
DISURG_USED,
M_PRC_CND_IH;
real
[OSTS_TMLNSS,
COSTS_EXC_CP,
COSTS_EXPCTD,
FINSH_MAT,
PRICE_HA,

TML _VvALUE,
TML_VL _PREV,
TML_LOSS_ALT,
GNT_ALT_FLD,
GNT_DRAY_PR_NM,
T_WRKBL,
WT_MULT,

f

l

LOSS_MULT,

|
CAP_RTIO_PRV,
URGENCY_PROC,
URG_PROC_RLT,
DISURGNC _DEL,
PROC_PROPRTY;
integer array
MAT_DLV_CNDIN
l

(N |

Declaration of variables of c]ass PROCESSED-MAT.

e c { a r 3 t i o n

Idisurgency to deliver this material;
ltrue if a prncessing condition changed;

lcum, costs of timeiiness lusses (quantity % price);
lcum. additional cnsts due to use of excess capacity of gang;
ldue to. proc. mat. making avoidable extra costs e.g.drying(fl/hal;
lexpected finishing time of processing;
lexpected price per ha;
Itimeliness value of first field (Fraction % pricelha)l;
(timeliness value of first field (fraction 8 pricelha);
lalternative timeliness;
larea of field to calculate tel_Lloss_alt;
larea processed until previous day (incl.);
Itong term expectation of workable time in hours per day;
Imyltiplier to adjust a) an average to & more restrictive workable;
Itime (¢s 1.0) b) 8-18 %o B-22 o'clock, c) dry to wet grain (2:1,0);
| d) to tune the urgency to an optimal level;
lmultiplier of timeliness loss:1.0 and 0.0 when
timeliness function i1s used or not to calrulate losses;
lprevinus capacity before change of properties;
URG_PROC_T, lurgenry of processing or consusption of material;
lurgenry used as minimim;

DISURG_DEL_T, {disurgency of delivering or produciny this material;
iproperty of material that controls workability (weather);
[eccescecccncnnas eescoes :

(IMIN (1,PROC _UNDTNS) :PROC_CNDTNS],
Imaterial delivered if processing rondition is valid;

TML_DATE C(IMINC1,TML_DARTES):TML_DATES];

real array

Itimeliness dates relative to 0.0 , the date with max.yield;

TIMELINESS (IMINCY,TML_FNCTINS):TML_FNCTNS , IMINC1,THL_DATES):TML DﬂTESJ

|
PRC_CNDTN_LB,
|

Itimeliness yield in fraction of max. yxtld for two conditions;
PRC_CNDTN_UB [IMIN (1,PROC_CNDTNS):PROC_CNDTNS),

tlower and upper bound nf excl.ranges of processing conditions;

T_FRAC_PROC [1:SH_PRD.PERDS + 11,

Ifraction of workable time intended for processing;

T_WRKBL_EXP [IMINC1,CNDTNS_W_T):CNDINS_W_T , 0:DRYS_WT_DATA);

I
boolean array

Itime in (h) expected as workable, condition 1, days 1 tn j;
[veromececccncccccncce-- :

M_PRC_CNDTN, M_PRC_CND_PRV [IMIN (1,PROC_CNDTNS):PROC_CNDINS);

text TRIL;
integer

PERD_MAT, I_M2,

TML_CNDTN,
CNDTN_W_T,

HAT_DLVR, MAT_
cref (RECORD_OPR)

REC_OPR_C_D1;

lcurrent perind number from sh_prd;

lcondition for one of the timeliness functions ;

lcondition for expected workable time;

Imaterials delivered depending an processing ronditions;
levceccccccncacccccncae- ;

DLVR_PRV;

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 FLLD to the first field with a quantity. The calculations for the exist-
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Table 4.39 Procedure SHIFT-CHNGE- of class PROCESSED-MAT.

procedure SHIFT_CHNGE_; lecce  ee-s cmea ceea —eeey
begin Icalled in sh_prd, sh_wk;
TIME_C_RCCUM;
if PROCESSING then PROCESS_MAT; -
inspect M_RDMN do if AVLB_COMP then RDMN_M_UPDATE_

else RDMN_M_LT_; lupdates all Lt_... to time;
RVLB_OMP_PR:= RVLB_COMP;
AvLB_COMP:= SH_PRD.AVLB_PRD; linfluence from sh_wk not invalvedl!;

if not (RVLB_COMP_PR eqv AVLB_COMP) then begin
STATE_CH_MRT;
if AVLB_COMP and SH_URGN =/: nune then activate SH_URGN at Time;

end;

PERD_MAT:= SH_PRD.PERD;

if Rbs (TIME_YR - SH_PRD.PERD_END [SH_PRD.PERD - 1] ) ¢ 1.08-3 then begin
if nat END_SEASON and RVLB_COMP_PR then RDMN.PERD_DUT_M_ (this PROCESSED_MAT);
if SH_URGN =z none then URG_MRT_PRC_; lnot controtied by sh_urgn then catculation;
if SH_URGN ==z none then URG_MRT_EXT_; | of urgency once per period;

end;
if SH_¥X =/s none then CTGR:= SH_WK.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); l----  =ee- --=- .- ———-;

| lcalled in tml_loss_exp_, urg_mat_prc, atte_intg_f_, delvr_fld_m_;
;Pa! DATE_RELTV; Itimeliness fraction at date relative to date with max.yield;
egin
real THL ,DATE_RENM; ldate remainder = date_reltv - timeliness date [i);
DATE_NO:« 2;
if DATE_RELTV «¢= TML_DATE (1) lodoa¢e.01,..2,..3. .-, . tnls,..;
then TMUL_FNCT_FRC_:= TIMELINESS [TML_CNDIN, 1] -
else if DRTE_RELTV »= TML _DATE [TML_DATES) 1...1...2...3...-~--...tals...(=d..;
then TML_FNCT_FRC_:= TIMELINESS [TMI._CNDTN, TML_DATES]
else begin looodiememaitdte o=, tmls. ..

while DATE_NO ¢ TML_DRTES and TML_DATE [DARTE_NOJ) ¢ DATE_RELTV do

DATE_NO:= DATE_NO + 1;

DATE_REM:« DATE_RELTV - TML_DATE (DATE_NO-1];

TML:= TIMELINESS [TML_CNDIN,DARTE_ND-1);

TML_FNCT_FRC_:= TML ¢ (TIMELINESS [TML_CNDTN,DRTE_NO) - TML) [

(TML_DATE {DATE_NO) - TML_DATE (DATE_NO-1]) s DATE_REM;

[(tm!_date(date_no) - tml_dateldate_no-11) » 0.07 also if tel_datelil)s . [141]};

end;
end 33 of timeliness fractinn at a date;

Table 4.41 Two timeliness functions of wheat.

-3 -2 0 8 16 40 100 dates relative to optimum (0)

........................................................................................

0.15 0.93 1.0 0.98 0.85 0.84 0.0 timetiness fractions without sprouting
0.1 0.83 1.0 0.98 0.5 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_LOSS_EXP_; [eee-  <e-- - ce=- cema;
begin lcalled in urg_mat_prc_;

integer

PRD,FLD_FNSH_DAY ,DAY_TP__M,DRY_TP_FNSH;

real

BUR_REMNNG ,DUR_WRK_USED, T_WRK_DAY,
FLD_FINSH_T,FLD_START_T,D0R_FLD_PROC,
TML_LOSS_FLD, TML_LOSS, THL_LOSS_SUM;

DAY_TP__M:s Mod (DAY_TP_1JAN + Entier(TIME_YR ¢+ 1.0&-4) - 1, 7) 4 A

IHL_LDSS s -1.082;

FLD_FINSH_T:= RMRX(TIME_YR, Entler(IIHE _YR+1,08-4) + DAY_BON/24.0);

FLD_FNSH_DRY:s %; |days needed to finish fields;
PRD:= PERD_MAT;

T_WRK_DRY:z II_HULT 3 ‘ Iworkable time per day;

(if FLD_FNSH_DAY ¢s DAYS_WT_DRTR then T_WRKBL_EXP [CNDIN_¥_T,1) else T_WRKBL);
DUR_WRK_USED:s DAY_FRAC_NOW ¢ T_WRK_DRAY; lduration used of workable time;

FLD:- FLD_Q.First;
if FLD s/= none then begin
if FLD.GUANTITY ¢ 1.08-4 then FLD:- FLD.Suc; Iskips expected field without quantity;
end;
while FLD =/= none do begin
DUR_FLD_PROC:= Iduration of processing;
FLD.QUANTITY / CRP_PROC ! T_FRAC_PROC (PRD);
DUR_REMNNG:s DUR_WRK_USED:s DUR_WRK_USED + DUR_FLD_PROC;
while DUR_REMNNG » 0.0 do begin
DAY_TP_FNSH:+ Mod{DRY_TP__M - 1 ¢ FLD_FNSH_DARY - 1,7) + 1;
if DRY_TP_FNSH = SAT then FLD_FNSH_DAY:s FLD_FNSH_DAY ¢ 2

else if DRY_TP_FNSH = SUN then FLD_FNSH_DAY:s FLD_FNSH_DAY + 1;
{ ladd 2 or 1 to skip weekend days;
T_WRK_DRY:= ®T_MULT & lexperted workable time per day;

(if FLD_FNSH_DAY ¢= DRYS_WT_DATA then T_WRKBL_EXP [CNDTN_W_T,FLD_FNSH_DAY]
else T_WRKBL);
DUR_REMNNG:= DUR_REMNNG - T_WRK_DAY;
if DUR_REMNNG » 0.0 then begin
FLD_FNSH_DAY:= FLD_FNSH_DAY + 1;
if Entier(TIME_YR + 1,08-4) + FLD_FNSH_DAY » SH_PRD.PERD_END (PRD)
and PRD ¢ SH_PRD.PERDS + 1
then begin
PRD:= PRD ¢+ 1; ladjusts to following period;
DUR_REMNNG:= DUR_REMNNG %
T_FRAC_PROC (PRD - 1) I T_FRAC_PROC [PRD);
end;
DUR_WRK_USED:= DUR_REMNNG;
end 33 of adjusting field finish day;
end 3% of while: fld_fnsh_day is found;
FLD_START_T:= FLD_FINSH_T; lare equal if fld.quantity=0.;
FLD_FINSH_T:= Entier (TIME_YR ¢+ 1.08-4) + DAY _BGN / 24.0 + FLD_FNSH_DAY - 1 «
(DAY_END - DAY_BGN)/24.0 s DUR_WRK_USED / RMAX (T_®RK_DAY, 0.01);

1 It_wrk_day?0.0 for mat. processed;
THL_L0SS_FLD:= (TML_FNCY_FRC_ (FLD_STRARTVT_T - FLD.DATE_OPT_YLD) -

I3 TML_FNCT_FRC_ (FLD_FINSH_T - FLD.DATE_OPT_YLD) ) s CRP_PROC;

| {{hal/h)sfractionthal/h of delay;
TML_LOSS_SUM:= TML_LOSS_SUM + TML_LOSS_FLD;

THML _LOSS:= RMAX (TML_LOSS, TML_LOSS_SUM); Inon decreasing value over all fields;

FLD:~- FLD.Suc;
end xx of field;

FINSH_MAT:= FLD_FINSH_T; Itime last field finished;
TML_LOSS_RLT:s (TML_FNCT_FRC_ (0.0) - Ilower bound of timeliness Llnss;
TML_FNCT_FRC_ (ONT_RLT_FLD / (CRP_PROC % T_WRKBL & WT_MULT 3 T_FRRC_PROC [PERD_MAT) ) )
) ¢ CAP_PROC;

TML _LOSS_EXP_:= RMAX (TML_LOSS, 0.0); lloss in halh may be mure than 1;

end 23 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_MAT_PRC_; l----  =e-- ce=- L e
begin lcalled in shift_chnge_, shift_urg. dvn :
if DELIVERING then DELIVER_MAT;
if PROCESSING then PROCESS_MAT;
if not DELIVERING and not PRO[ESSINB and SUPPLY_NDD and FLD_E =z/: none then begin
FLD_E.Out; FLD_EXPCT_M_; FLD_E:- FLD_C:- FLD_D;
CH RERDT; STATE EH_HQT;
end; - lupdates fld_e.date_opt_yld;
HOUR_AT_TIME;
URBENCY PROC:= TML_LOSS_EXP_ & PRICE_HR;
l {fraction of area in ha Iossed per h & price per ha, [fll/h:s halhsfllha);
URG_PROC_ALT:= TML_LOSS_RLT s PRICE_HA;
DISURGNC_DEL ;s

if not DISURG _USED then 0.0 . . .
else (if not FLB AT_TAIL then URGENCY_PROC Inew field delays processing of existing fields;

1; else (if FLD D.DATE_OPT_YLD « FINSH_MAT and FLD_D =/« FLD_E

l; then (TML FMCI FRC (0.0) - TML_FNCT FRC (F INSH Mﬂl - FLD_D.DATE_CPT_YLD))
¥ & CAP_PROC ¢ PRICE_HA
l; else 0.0)); {fld_d has optimum after finishing material or
| is expected field;
CAP_EXC__M_; ; . .- .
end; lredefined in some specific materials;
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Table 4.44 Procedure URG-MAT-EXT- of class PROCESSED-MAT.

procedure URG_MAT_EXT_; ' {ecee  =e-- ---- ce-- cevas

begin {called in shift_chnge_, sh_urg.dyn., decide.dyn.;
URG_PROC_T:s if AVLBL then RMAX ( URGENCY_PROC, URG_PROC_ALT) Iftind;
else 0.01; lsmall urg to start if delivered;
DISURG_DEL _T:s DISURGNC _DEL; 1(fLih];

end; {may 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-MAT.

procedure ARTTR_UPDT_M_; le=ee cecce eseee  meees ecee. H
begin lcalled in weather, reset_;
PROC_PROPRTY:s WTH_MAT.PROPERTY [MAT_NOI]; lindependent nf field properties;
WORKBL _NEXT:s M_PRC_CND_CH:s false;
MAT_DLVR_PRV:s MRT_DLVR;
for I_M2:= 1 step 1 until PROC_CNDTNS do begin
M_PRC_CND_PRV (I_M21:s M_PRC_CNDIN [I_M2);
M_PRC_CNDIN [I_M2):s
PROC_PROPRIY »>= PRC_CNDIN_LB (I_M2) and PROC_PROPRTY <= PRC_CNDIN_UB [I_M2);
"M_PRC_CND_CH:= M_PRC_CND_CH or not (M_PRC_CND_PRV [I_M2] eqv M_PRC_CNDTN (I_M21);

! lunion of changes in conditions;
WORKBL _NEXT:= WORKBL_NEXT or M_PRC_CNDIN (I_M2);
l {union of processing conditions;
if M_PRC_CNOTN [T_M2) then MAT_DLVR:= MAT_DLV_CNDIN (]_M2);

end;

CH_WORKBL ;

STRTE_CH_MAT;

if M_PRIC_CND_[H then begin
if MAT_DLVR_PRV ¢» MAT_DLVR and PROCESSING then PROCESS_MAT;
REC_OPR_C_N1:- OPRIN_PROC_Q.First;
while REC_OPR_C_D1 =/= none do
inspect REC_OPR_C_D1.0PR_MT do begin
if MAT_DLVR_PRV ¢» MRT_DLVR then MAT_PROD_CHNG (MAT_DLVR_PRV, MAT_DLVR);
STATE_CH_DP_; |
REC_OPR_C_D1:- REC_OPR_C_D1.Suc;
end;
DECIDE.PRC_CND:= true;
activate DECIDE at Time;
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 1s not produced on the

Table 4.46 Procedure ATTR-INTG-F- of class PROCESSED-MAT.

procedure ATTR_INTG_F_; [eeee  mmeemmeemee eeeog
begin lcalled in supply_expct, start_oprin_, qnt_intge_m;
TML_VL_PREV:s TML_VRLUE;
™L VQLUE + PRICE HR 3 TML_FNCT_FRC_ (TIME_YR - FLD_C.DARTE_ OPT_YLD);

if ONT _PROC_OPR » "0.0 then begxn

COSTS TMLNSS : »
CBSTS TMLNSS + (PRICE_HA - 0.5 & (TML_VL_PREV + THL_VALUE)) 3 LOSS_MULT 13

(GNT PROE _OPR - FLD_C. GNT IN_PROCS); Tloss at time now may dxffer from luss at start;

end;
end;
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Table 4.47 Procedure DELVR-FLD-M- of class PROCESSED-MAT.

procedure DELVR_FLD _M_

(GNT_PROD_- M_, FLD ORIGINAL _); Jemee ee-. .- 25 ooy
real ONT PROB M_;

Kgf (FIELD) FLD ORIGINQL o4

egin lcalled in delivery_m_; _
if FLD_D.DRTE_PRODCD ¢ Entier (TIME_YR) Isame day and same name then same field;
or (if FLD_D.FLD_RREA =s nane then true 1fld_e;

{; else FLD_D.FLD_RREA.AREA_NAME ¢> FLD_ORJGINAL _.FLD_RREA.ARER_NAME) then
inspect new FIELD do begin
FLO_Q_SAN:s FLD_Q_SAGN + 13
FLD_D:- this FIELD;
if FLO_AT_TAIL then Into (FLD_Q) else Follow (FLD_B);
DATE_PRODCD:= DATE_PROCSBL:s DATE_OPT_YLD:s TIME_YR;
MRKE_NAME (FLD_D_SON, MAT_NO);
FLD_RRER:- FLD_DRIGINAL_.FLD_RREA;
end;
inspect FLD_D do begin
QUANTITY:= QUANTITY + GNT_PROD__M_;
QUANT_F_PRD:s GUANT_F_PRD + ONT_PROD__M_;
end;
end 33 of 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 RESET_; feove  aee- ———- ceee  ecea:
begin lcalled in reset;
GUANT_RRRVD:= QUANT_RVLBL:= BUGNI _PROCSD:s GNT_DLTD:= GNT_PRC_DUMM:z 0.0;
LT_ INTEGRT : # Time;
RVLBL _NEXT:s false;
CH_AVLBL ;
SUPPLY_NDD:= true;
FLD_C:- FLN_D:- FLD:- nune; FLD_Q.CLlear;
FLD_G_SGN:= FLD_O_SGN_PR:z 0;
COSTS_TMULNSS:= COSTS_EXM _CP:= 0.0;
PERD_MAT:= 1;
RESEY_M_; lreads initial fields;
if FLD_C =»= none then begin
FLD_EXPCT_M_; FLD_E:- FLD_C:- FLD_D;
end;
CAP_RATIN:s 1.0;
RTTR_UPDT_M_;
CH REQBY
STATE_CH_MAT;
DLVR QLL!B z true;
HQX_QUQNT_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_; focee ee.- cev- -eaa —-eny
inspect PRRAMETERS do begin Iralled in reset_;

FIND_DATA_AT (*DATA LIST of FLN.');

N_INIT_FLDS:s Inint;

for I_M2:2 1 step 1 until N_INIT_fLDS do DELIVERY_INIT_;

if GUANT_RVLBL » 0.0 then AVLBL_NEXT:s true; CH_AVLBL;

if AVLBL and FLD_E s/s none then begin

FLD_E.Qut; FLD_E:- none; Ideletes expected field;

end;

FLD_C:- FLD_O.First;

FLD_D:- if FLD_AT_TAIL then FLD_0.Last else FLD_O0.First;

if AVLBL then ENDED_PROCS:= false;
end; Inote that delivering of initial material by processing remains pnssible;

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

Procedure DELIVERY_INIT_; l=nee  eees vee- seee eeeey;
inspect PARAMETERS do beg1n lcalled in reset_m_; '
Inimage; leach field on new line;

GNT_#_D:= Inreal;

BUANT RRRVD 1= QUANT_ARRVD + ONT_M_D;

GURNT QVLBL := DURNT QVLBL ¢ GNT H D;

FLD_Q_SON_PR:« FLD 0 _SON;

DELVR™ FLD INIT_ (ONT H D);

if QUANT RVLBL » 0.0 then SUPPLY _NDD:s false;
end of 1nspect paraseters;

Table 4.51 Procedure DELVR-FLD-INIT of cl?ss INITIAL-MAT.

Procedure DELVR_FLD_INIT_ (GNT_PROD__M_); lecee eese memeemee ceme;
real ONT_PROD_ H _3 lralled in delivery_init_;
inspect new FIELD du inspect PARAMETERS dn begin

FLD_Q_SON:s FLD_O_SGN + 1;

if FLD_AT_TRIL then Into (FID_0) else Follow (FLD_Q);

QUANTITY:s ONT_PROD__M_;

QUANT_F_PRD:= ONT PRGD M

DATE_PRODCD:= TIME _YR;

DRTE_ _PROCSBL:« DATE_TO_BAYNO (Inint, Inint);

DATE_OPT_YLD:s DATE_ “T0_DAYNG (Inint, Inint);

MAKE_NAME (FLD_O_SON, MAT_NO);

FLB_RRER:- new RREA; leach init. field has its own areal;
FLD_RRER.RCRERGE := ONT_PROD__M_;
Lastxten.

FLD_RREA.AREA_NAME:s Intext (IMIN(30, Length - Pos ¢+ 11);
end 8t of dlevernng 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.

proredure MAX_QUANT_M_; ; Ino maximum considered;

.procedure DELVR_FLD_M_ '
(GNT_PROD__M_,FLD_ORIGINAL _); e ---- ---e —emei
real GNT_PROD__M_;
ref (FIELD) FLD_CRIGINAL_; :
begin lcalled in delivery_m_;
! Isane name then same field;
if (if FLD_D.FLD_RRER s= none then true else
FLD_D.FLD_RRER.ARER_NAME ¢> FLD_ORIGINAL_.FLD_RREA.AREA_NAME) then begin
FLD_Q_SON:= FLD_O_SON + 1;
FLD_D:- new FIELD;
FLD_D.Into (FLD_Q);
FLD_D.MRKE_NAME (FLD_Q_SGN, MAT_NO);
FLO_D.FLD_RREA:- FLD_ORIGINAL _.FLD_RRER;
end;
inspect FLD_D do begin
QUANTITY:= QUANTITY + ONT_PROD__M_;
QUANT_F_PRD:= QUANT_F_PRD + GNT_PROD__M_;
end;
end 33 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 ijts 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 Llass LRBR_EGPMNT (LE_NO_LE); !lllllllclltlillflllt!lll.llllllllllllllls:
integer LE_NO_LE; Icategory of men or machines;
virtual :procedure STATE_CH_LE_;
begin .
l d e c l A r a t i 0 n;

r ngN Hﬂ H I) !--------0------ -------- H
EeﬂSgEHBE; s ' Igang assembled this object for use;

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

procedure SHIFT_CHNGE_; leees  ---- ---- -ee- ---e;
begin lcalled in shift_week, shift_perd;
TIME_C_RCCUM;
if SH_WK =/s none then begin
RVLB_COMP:= SH_WK.AVLB_EK;
(T6R:s SH_WK.COST_CTGR;
COSTS_H:« SH_WK.[OSTS_NOW;
end else AVLB_COMP:s true;
AVLB_COMP:= AVLB_COMP and (if SH_PRD =/s: nune .then SH_PRD.AVLB_PRD else true);
STATE_NEXT:» if not AVLB_COMP then DOWN
else if STRTE = RUN then RUN
I else PRSSIVE;
. STRTE_LH_LE_; 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 START_RCTVIY; locee  -e-o cems cece  eeee:

if STATE s PASSIVE then begin lcalled i , .
STATE_NEXT:= RUN; g called in gang.asseable;
STATE_CH_LE_;

end;

prucedure STOP_ACTVIY; [eeee cawe cee= amee  eeaas

begin lcalled in gang.disasseamble; '
STATE_NEXT:x if AVLB_COMP then PASSIVE else DOWN; oo @
STATE_CH_LE_;

end;

Table 4.56 Initial section of class LABR-EQPMNT.
| 1 n i t i a L;
LE_NMB [LE_NO_LE,TOTAL):s LE_NMB [LE_NO_LE,TOTAL) ¢ 1; Itotal number uf category;

STRATE_NEXT:s STATE:« DOWN;
Into (LE_STRTE_Q [LE_NO_LE, STATE)); lused in gang.store_costsi!;

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

LQBR_EGPHNT class LQBOURz lllsst:zl:ll::ssss:lll:csnl::-ssszn:::l:s H
begin '
proredure STRATE_CH_LE_; lemee  c-e. oo ceve R
if STATE ¢» STRATE_NEXT then begin lcatled in shift_chnge_,start/stop_actvty;

STRATE_PREV:= STATE;
TIME_C_RCCUM;
if STATE = DOWN then LE_NMB [LE_NO_LE,RVAIL):s= LE_NMB (LE_NO_LE,RVAIL) ¢+ 1;
if STATE_NEXT = DOWN then LE_NMB [LE_NO_LE,AVAIL):s LE NMB [LE NO LE,AVRILY - 1;
STRTE:s STRTE_NEXT; - -
Into (LE_STATE_Q@ (LE_NO_LE,STRTE});

end 33 of state change;

end 82 of class labuur;
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Table 4.58 Class EQUIPMENT and declaration of variables.

LQBR_EQPHNT class EGUIP“{NT; {lssss::ssl::l:::3:8l:tl:l:t:l::ss::::z::-
begin | '
! d e c L a r a t 1 ] ng
real e AL LE L LY PP ;
REPAIRTIME, SERVICETINME, Ipart of downtime, cum. in hours;
RPR_LB, RPR_UB, RPR_DUR, Ilower! upper bound! duration of repair in (h];
SRVC_DUR_LB, SRVC_DUR_UB, SRVC_DUR, Ilnwer! upper bound! duration of service in (hl;
SRVCFR_RUNT, Iminimum run time free of service in {h);
FLRFR_LB, FLRFR_uB, Hower/ upper buund nf failure free run time in (h]:
FLRFR_DUR, lduration of failure free run time in [h]; '
FLR_AT_RUNT, Ifailure will occur at runtime, in (d);
SRVC_TRMNTD, Iservice terminated at runtime, in (d);
REPT_VAR, REPT_MERAN, lvariance and mean of repair duration;
SERT_VAR, SERT_MERN, Ivariance and mean of service duration;
STORECRP_E ; Istorage capacity of trailers [ha);
bootean {eeeoccrcccccecncnna... :
BPR_NB, SRVC_ND; {true if repair, service needed;
integer leememcececccncecncnn... :
S_R_OPR_NO, ltype of operation for repair or service;
U_FL_RP, U_SRvVC, lrandom numbers;
REPR_0BS, SERV_0BS; lnumber of repair/service nbservations;

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 iree 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
runtime (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-
NOJ, 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 STRTE_MH_LE_; feces  ee-- “ee- --e- RELY
begin lcalled in shift_chnge_,start/stop_actviy,service_need,srvc_rpr_don,dyn.;
if RPR_ND or SRVC_ND then STRTE_NEXT:s DOUN; {was not yet included in shift_chnge_;

if STATE ¢» STATE_NEXT then begin
STATE_PREV:= STATE;
TIME E _RCTUM;
if STATE = DOWN then LE _NMB [LE_NO_LE,RVAIL):= LE_NMB {LE_NG_LE,AVRIL] + 1;
if STATE_NEXT = DOWN then LE NHB ILE NO_LE ,AVAIL):= LE NHB (LE NO _LE,AvAIL) - 1;
if (STRTE = DOWN or STRTE NEXT = DOWN) then begin
[ Ichange in available number;
UPDT_MM_SYS.TEST_LE (LE_NO_LE):= true;
activate UPDT_MM_SYS at Time;
if RPR_ND or SRVC_ND then reactivate UPDT_MM_S5YS at Time prior;
l Iprevents immediately a start of cperations involved;
end;
STATE:= STATE_NEXT;
Inta (LE_STRTE_O [LE_NO_LE,STATE]);
if STRTE = DOWN and STRTE_PREV = RUN and RPR_ND
then G6_ASSEMBL.FAILURE E:= true; Isignal to gung that a failure occurred;
if STATE = RIUN and FLR_AT_RUNT ¢ 1.089/24.0 and S_R_OPR_NO » 0 and not Terminated
then reactivate this EQUIPMENT at Time ¢ FLR_AT_RUNT - TIME_USED [RUN]
else if (if not Idle then Evtime ) Time else false) then Cancel (this EQUIPMENT);
! lcancels a reactivation when operation stops;
if STATE = PRSSIVE and nat SRVC_ND then SERVICE_NEEDN; Ichecks need after work;
end;
end 33 of state change;

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

procedure SERVICE _NEED; lrees  ce-- ---- svee  eeeey
{ lcalled in dyn., state_ch_le_;
if TIME_USED [RUN) - SRVC_ IRHNTB > SRVCFR_RUNT and S_R_OPR_NO » 0 then begxn
SRVC _ND:= true; :
SRV DUR:- Uniform (SRVC DUR _LB,5RVC_DUR_UB,U_SRV();
new RECORD _LE (this EQUIPMENT).Into (OPR S R (S_R_OPR_NO).MCHN_S5_R_Q);
STNIE_NEXT:- DOWN;
STATE_CH_LE_;
OPR_S R (S R _OPR_NO1,STATE_CH_OP_; Iwill not be called in updt_ma_s;
DECIDE .MACHN_FLR:s= true; Isignal tn decide; -
end;

procedure SRVC_RPR_DON; lecae  c--- ces- cmes  eeaa;
begin Icalled in reset_, oprtn.transfer;
if RPR_ND then begin

REPRIRTIME ;s REPAIRTIME + RPR _DUR;

SIGMEAN (REPT_VAR,REPT_MERAN, REPR _0BS, RPR_DUR);

RPR_ND:= false:

FLRfR_DUR:- Uniform (FLRFR_LB,FLRFR_UB,U_FL_RP);

FLR_AT_RUNT:= TIME_USED (RUNJ ¢+ FLRFR_DUR I 24.0;

* end

else 1f SRVL_ND then Irequired already in oprin.transfer;
begin

SERVICETIME:= SERVICETIME + SRVC_DUR;

SIGMEAN (SERT_VAR, SERT_MERAN, SERV_DBS, SRVC_DUR);

SRVC_ND:= false;

4 SRVC_TRMNTD:= TIME_USED [RUN]; lupdated at failure or service needed;

end;

if not (RPR_ND ne SRVC_NDB) then begin
STRATE_NEXT:= if AVLB_COMP then PRSSIVE else DOWN;
STATE_CH_LE_;

end;

if STATE = PASSIVE then begin
DECIDE .MACHN_OK:» true;
at:tivate 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 1s 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 n 1 3

if (FLRFR_LB ¢ 1.089 or SRVCFR_RUNT ¢ 1.089)
and 5S_R_OPR_NO » 0 and S_R_OPR_NO ¢= OPRINS_S_R
then
! repeat;
while not END_EXPRMNT do begin .
if STATE « RUN and Rbs (FLR_AT_RUNT - TIME_USED (RUN]) ¢ 1.0 / 24.0 !/ 60.0 [I1 min,;
then begin
TIME_C_RCCUNM;
RPR_ND:= true ;
RPR_DUR:z Uniform (RPR_LB,RPR_UB,U_FL_RP); )
SERVICE_NEED; {if repair then try servire;
STRTE_NEXT:= DOWN;
STRTE_CH_LE_;
! lcalls updt_mm_s and gang.aviblty_test and so oprin__g.state_ch_op_;
new RECORD_LE (this EQUIPMENT).Into (OPR_S_R (S_R_OPR_NO].MCHN_S_R_Q);

OPR_S_R (S_R_OPR_NO).STRTE_CH_OP_; Inot called in updt_mm_s;
DECIDE .MACHN_FLR:= true; {initiative from equipment;
artivate DECIDE at Time; .
end;
Pascivate: lactivated in state_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 MACHJi] 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.

C.DHPBNENT class MﬂN_HﬂfH_SYS (S»E'_NO, GNBS); llll::::::::::::::l:sslll:::at:lla:s::::s;
integer SET_NO, {type number of set nf man-machine systems;
GQBS; Inumber of gangs, lactual parameter has to be 1 for a gang;
virtual: procedure START_WORK C_, STOP_WORK C_;
begin
l d e c L a r a t | o ni
integer lveweemceccceccnnnncenan ;
LE_SON, BN, lauxiliary variables;
MM_S_S50N; Isequence number of type of man machine system;
integer array jecccceccacccncacncnca.. :
RGRD_GNG6 [1:6NGS), lrequired type of gang;
RARD_NMB_LE [1:LE_SGNS]; irequired number uf elements of labour & equipment;
boolean array | R D E DT TP P ;
AVL [1:LE_SGNS); ltrue if available number )= required number;
boolean lececccccccrccccnnnnn... :
AVL_LE ,AVL _PREY, Itrue if all categories of man/mach.i: avllil)strue;
RAVL_GNGS, Itrue if avlb_comp for all gangs;
RPPLICABLE, RPPL_M_AVLBL; Inot down & mat.produced delivery allnwed;
| . (material processed available or delivered)/ resp. true;
rea lecccreccnen- seercacecan;
URGENCY, URGENCY_CORR; lurgency without! with corrections;
ref (OPERATION) ' ey pnsibeshbbegin
OPRIN__G; Inone for combinations:
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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-SON, 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, 1s 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_CHNGE_; Jocee emee eee- -~
begin lcalled in shift_week, shift_perd;
TIME_C_RACCUM;
if SH WK z/s none then begin
AVLB_COMP:= SH_WK.AVLB_WK;
CTGR:= SH_WK.COST_CTGR;

end else AVLB_COMP:= true;
AVLB_COMP:= AVLB_COMP and (if SH_PRD z/z none then SH_PRD.AVLB_PRD else truel;

STATE_NEXT:= if not (AVL_LE and AVL_GNGS and RVLB_COMP) then DOWN

else if STATE =z RUN then RUN
l; else PRASSIVE;
STATE _CH_MMS;

end;

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

Pracedure STATE_CH_MMS; levee  smee mmee emee eeeoy
if STRTE ¢» STATE_NEXT then tcalted in shift_chnge_,aviblty_test, startistop_work g/ _c_;

gin
STATE_PREV:= STATE;
TIME_C_RCCUM;

STATE:= STATE_NEXT;
if OPRIN_G =7s none then OPRIN__6 .STRTE_CH_OP_;

end 23 change of state uf man_machine system;
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Table 4.65 Procedures AVL-TEST and AVLBLTY-TEST of class MAN-MACH-SYS.

procedure RVL_TEST (LE_NO); R T -e-- --e- ceens
integer LE_NG; lcalled init., in updt_mm_sys.state_custs;
AVL {LE_NOl:= LE_NMB (LE_NO, AVAIL) »s ROGRD_NMB_LE [LE_NO); lrequired number available;
procedure AVLBLTY_TEST; R I cmwn ey ceeas
begin Icalled init., in updt_mm_sys.state_costs;

AVL_PREV:s RAVL_LE and AVL_GNGS;
AVL _LE:= true; .
for LE_SON:e 1 step 1 until LE_SANS do
AVL_LE:s AVI._LE and RVL [LE_SON]; {required number, nat specific elements;
RVL_ONGS:s true;
for GN:s 1 step 1 until ONGS do
RVL_GNGS:s RAVL_G6NB6S and GANG [RGRD_GNG (GN)).AVLB_COMP; lgangs available;
if not ( (AVL_LE and RVL_ONGS) eqv AVL_PREV) then begin
STATE_NEXT:= if not (AVL_LE and AVL_GNGS and RVLB_COMP) then DOWN
else if STATE = RUN then RUN
s else PRASSIVE;
STATE_CH_MMS;
end;
end xx of availability test of man_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 COST_CHANGE (CHNG_UNIT,LE_NO1); leve-  mee- “--- “e-- c-e=;
| icalled in updt_mm_sys.state_costs;
real CHNG_UNIT;
integer LE_NO1;
begin

TIME_C_RCCUM;

COSTS_H:= COSTS_H + CHNG_UNIT & RQRD_NMB_LE (LE_NO1];
end 3% change of costs per hour due tn man shift;
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Table 4.67 Class MAN-MACH-SET and its declaration of variables.

HQN_HQCH_SYS class MAN_MRCH_SET; lzscssassssacnnssssssrzsensnsannsessnnansas
virtual:procedure URGENLY_GANG_; ’
begin
| d e c ' 1
- L a r a t 1 o n;
SETUPTIME, tbelungs ta runtime, cum. in hours;
SETUP1 ,SETUPZ_N, SETUP_GNG, iduration for first/ next times in a day! actual [h);
STORECAP_G, Istorage capacity e.q. trailers [ha);
CRPACITY; lcapacity of processing (halh), updated in aperatinn;
boolean '
FRILURE_E; Itrue if an item of equipment gets a failure;

ref (OPRIN_MRTRL) DPR_MT__b;
ref (SRVC_REPR) DPR_SR__G;
ref (LABR_EOPMNT) LBEGP;

ref (Head) ASSMBL_G;

ref (RECORD_LE) REC_LE;

Table 4.68 Procedure STORE-COSTS of class MAN-MACH-SET.
procedure STORE_COSTS; leves  mmee eees eeen eenny

begin lcalted in initial;
real STR,CST,CSF;
for LE_SON:= 1 step 1 until LE_SONS do inspect LE_STATE_O [LE_SGN, DOWN].First
when EQUIPMENT, do begin Itabour or none inappropriate; Istatesdown initially;

STR:« STR '+ STORECAP_E % RGRD_NMB_LE (LE_SON];
[ST:s CST + COSTS_H § RGRD_NMB_LE (LE_SONI;
CSF:s CSF + COSTS_H_FXD s RGRD_NMB_LE [LE_SONJ;

end;
| lelements are assumed tu have identical storage capacity and costs per hour;

STORECAP_G:= STR; COSTS_H:= CST; [OSTS_H_FXD:= CSF;
end 3t storage capacity and equipment costs of a man_machine system;

rated later on by COST-CHANGE (Table 4.66). START-WORK-G detines
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-
€ssed 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, CAPAC-
ITY. 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 START_WORK_G; lecee  c--- seee “-e- ceeney
if STATE = PARASSIVE then begin {called in start_oprin_;

RSSEMBLE ;

STATE_NEXT:= RUN;

STRTE_CH_MMS;
end 3% of start of operating with a gang;

procedure RSSEMBLE; . {enee  eee- .- ceee cme-;
begin ' icalled in start_work_g;
integer RQ, ROLE;
fuor LE_SON:= 1 step 1 until LE_SGNS do begin
ROLE:= RGRD_NMB_LE (LE_SGNI];
for RO:= 1 step 1 until RGLE do begin
LBEGP:- LE_STRATE_G (LE_SGN, PASSIVE).First;
if L.LBEQGP s= none
then begin
Outtext (*Error BRNG .ASSEMBLE in Gang, at Time: nn equipment uf Category*®);
Outimage; Quttext (NAME_COMP); Outfix (Time,6,12); Outint (LE_SGN,6); Outimage;
end
else begin
LBEQP.START_RCTVTY;
new RECORD_LE (LBEGP).Intn (ASSMBL_B);
LBEQP.G_ASSEMBL:- this MAN_MACH_SET;
end;
end;
end;
end 33 of assemble;

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

procedure STOP_WORK_G; lecee  ewee cens cemn R
begin {called in stup_oprtn_;
DISASSEMBLE ;
FAILURE E:= false; lis already used in decision if a failure occurred;

STRTE_NEXT:s if RAVL_LE and AVL_GN6S and AVLB_COMP then PASSIVE else DO¥N;
STATE_CH_MMS;
end 32 of stop of operating with a gang;

procedure DISRSSEMBLE; Jecee ceew ceee ceee ceee;
benin Icalled in stop_work_g;
REC_LE:- RSSMBL _Q.First;
while REC_LE 2/s none do begin
LBEQP:- REC_LE.LBR_EQP;
LBEGP.STOP_ACTVTY;
REC_LE:- REC_LE.Suc;
end;
ASSMBL_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]Ji] 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 URGENCY_GANG_; | oo ce-- cene;
beyin lealled in decision;
URGENCY := URGENCY_CORR:z 0.0;
inspect OPR_MT__G do begin
for 12:s 1 step 1 until MATRLS_PRCSD du begin
URGENCY:= URGENCY + MAT_PROC [I2).URG_PRO[_T / MAT_PROC [I2).CAP_PROC;I{Dfl/ha);
URGENCY_CORR:= URGENCY_CORR - MAT_PROC [I12).COSYS_EXPCTD; 1Dt Ihal;
end;
for J2:s 4 step 1 until MATRLS_PROCD do
URGENCY :s URGENCY -

(if MAT_PROD (I2).MAT_NO » MATRLS_PROC then 0.0 Ifinal materials;

else if MAT_PROD {12) que PROCESSED_MAT.DISURG_USED

l: then MAT_PROD 112) qua PROCESSED_MAT.DISURG_DEL_T / MAT_PROD ([12).CAP_PROC

l; eise 0.0);

URGENCY:=2 URGENCY 3 CRPRCITY; L(DfLINRT;

URGENCY_CORR:s URGENCY_CORR & CRAPRCITY; 1{0fiIR]);

URGENCY_CORR:s (URGENCY_CORR + URRENCY) 3 CRP_FRAC; lactual fraction frum operation;
end;

if OPR_SR__G /= none then begin
URGENCY:= if OPR_SR__6.MACHN s: none then 0.0
else RMAX (1.0, OPR_SR__6.MACHN.G_RSSEMBL .URGENLY);
URGENCY_CORR:s URGENCY;

end;
URGENCY_CORR:s URGENCY_CORR - COSTS_H - COSTS_H_FXD; Irnsts of gang;
end;

Table 4.72 Class GANG-SET and its procedures START-WORK-C and STOP-WORK-C.

HﬂN_KREH_SYS cluss ﬁﬂNﬁ_SE]’; |sssssssssssseasssssnsssacnessnsssnsnsrss]
begin
! gangs in rqrd_gngl.) ordered in sequence of vperatinns as performed on a field;
| d e c { F v a t i o n;
procedure START_WORK (_; loewe meseeee- ceee S
if STATE = PRSSIVE then begin lcalled in decision; -

STATE_NEXT:s RUN;
STATE_CH_MMS;
end 23 of start with combinationg

procedure STOP_WORK_C_; G LR EEEY
begin Icalled in decisinn;
STATE_NEXT:s if AVL_LE and RVL_GN6S and RVLB_COMP then PRSSIVF else DOWN;
STATE_CH_MMS;

end 3% 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 4 field are
pPerformed, 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-
CHNGI.] 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-SON2 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 UPBI_HQN_H{H; lzessszszesssnzasssszsssaacssssxzssssssass;
begin :
i d e c L a r a t 1 ) n;
boolean array lecaccccccaccccccncanana :
TEST_LE (1:LE_SOGNS], ltrue if test is required;
COSTS_CHNG ([1:LE_SGNS]; [true if change of costs occur for man;

real arruy |omacccnccccaacnccnannna :
COSTS_INCRSE (1:LE_SGNS);

Table 4.74 Procedure ST@TE-COSTS of class UPDT-MAN-MCH.

procedure STATE_LOSTS_; feeee ee-- c--- “e-- .ee=;
begin lcalled in dynamic;

inteqger

LE_SGN2, MM_S1;

ADMN . DISPLAY_DATA_; lupdate before states are changed;

for LE_SGN2:= 1 step 1 until LE_SOGNS do tonly if test_le 1is set to true in shift;

if TEST_LE (LE_SGN2) then begin
for MM_S1:s 1 step 1 until MN_MCH_SYSTMS do
if MM_S [MM_S1) s/s none then MM_S [MM_S1].AVL_TEST (LE_SON2);
TEST_LE (LE_SAN2):= false;

end;

fur MM_S1:2 1 step 1 until MN_MCH_SYSTMS do

if MM_S (MM_S1) =z/2 none then MM_S [MM_S1).AVLBLTY_TEST;

for LE_SGN2:= 1 step 1 until LE_SGNS do

if COSTS_CHNG (LE_SGN2] then begin
for MM_S1:= 1 step 1 until MN_MCH_SYSTMS do if MM_S [MM_S1) =/z none then
MM_S [MM_S1).COST_CHRANGE (COSTS_INCRSE (LE_SON2),LE_SQGN2);
FOSTS_INCRSE (LE_SGN2}:= 0.0;
COSTS_CHNG [LE_SQGN2):s false;

end;

end;

Table 4.75 Dynamic section of class UPDT-MAN-MCH.

| d v n a [ ] 1 c3
l repeat;
wvhile not END_EXPRMNT do begin

integer M1;

STRTE_COSTS_;
for M1:s 1 step 1 until MATRLS_PROC do
if MATRL (M1).M_ROMN =/= nnne then MATRL (M1).M_RDMN.ADMN_M_STATE_;
! for correct administration of passive & no_gangs;
Passivate; lactivated 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 PRSSIVE DOWN

RUN decision man (worktime ends)
machine (failure arcurs)
system (avwilability ends)

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

DOwN x man (worktime begins)

machine (service or repair dune)
system (availability begins)

-
...............................................................................

by men and marhines. The change from RUN tn DOWN also requires & decision to
stop operations.

Table 4.77 Class MM-SYSTMS-SET.

tOHPGNENI class MM_SYSTMS SET; |szszezresszeezcccceszzszzzzzanzessanzzzs;
' la gang or rombination belongs to one set;

! {in decision the sets are handled;
é lindependently with respect to the needed categnries of men and machines;
egin

ref (Head) MM_S_SET_0;

MM_S_SET_Q:- new Head;
®nd 23 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.

GRHE_SET class BRNG_SET_GNRID; |::l:::::a:::lt:l:s:cunn:ll:llsalaannnlzn;
begin

end

boolean RCCEPTABLE; |[ecccccccccaccsnanancans ;
procedure INIT_INPUT_;;

procedure REQUIRED_LE (MMS1, MMS2); {eee ---- “mee  ee=== —eeme=;
ref (MAN_MRCH_SYS) MMS1, MMS2; {catled in combs_g_generation;
begin
ACCEPTABLE:= true;
for LE_SQN:s 1 step 1 until LE_SGNS do begin
RGRD_NMB_LE [LE_SOGN):« MMS1,RGRD_NMB_LE {LE_SGN] + MMS2.RGRD_NMB_LE [LE_SGN);
ACCEPTRABLE:= RCCEPTRABLE and RGRD_NMB_LE [LE_SGN) ¢s LE_NMB [LE_SGN, TOTAL];
end;
if ACCEPTABLE then begin
COSTS_H:= MMS1.COSTS_H + MMS2.COSTS_H;
COSTS_H_FXD:= MMS1.COSTS_H_FXD + MMS2.COSTS_H_FXD;
RGRD_GNG (11:s MMS1.RGRD_GNG [1]);
for AN:x 2 step 1 until GNGS do RGRD_GNG (OGN):= MMS2.RQRD_GNG (OGN -1];
activate this BANG_SET; linitial statements executed;
end;
end;
of gany set generated;

Table 4.79 Procedure COMBS-C-GENERATION of class SFOBASE-MODEL.

procedure C[OMBS_G_KENERATION; leaes  aee. S R caaay
begin icalled in experimental mndel if wanted;
baolean |[eecscecncccscacnnnnnnaa ;
6_RGAIN; {true if gang is accepted in lnop;
integer |=cecacccccacnmccccnaaanana ;
?Efi GNRTD; tset of mm_systems, generated combinations;
ex [eeececccccccccnccnncaan. H
T.r, 1_C1, 1_C2;
ref (Head) |[emeccccccsccccaccmanans ;
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GANGS_CONSDR_O, GANGS_RGARIN_Q, MMS_CONSDR_Q, COMBS_GENRTD_Q;iqueues of man-machine systems;
ref (RECORD_MM_S) R_MMS, R_G;

ref (MAN_MACH_SYS) MMS, G_R;

ref (GANG_SET_GNRTD) COMB;

for SET := 1 step 1 until MM_S_SETS do begin
Outtext (*s = s Set of gangs and combinations:*); ODutint (SET,6);
Quttext (° contains:®);0utimage;
HRNGS_CONSDR_Q:- new Head; lqueue nf gengs considered;
MMS_CONSDR_Q:- new Head; Iqueue of man-machine systems considered;
R_MMS:- MM_S_SET (SET).MM_S _SET_Q.First;
while R_MMS =/z nnne du begin
MMS:- R_MMS.MN_MCH_SYS;
new RECORD_MM_S (MMS).Into (GANGS_CONSDR_QG); lexisting gangs in queue;
new RECORD_MM_S (MMS).Into (MMS_CONSODR_0);
Outtext (*Existing gang is: °*); Outtext (MMS.NRME_COMP);
Outtext (* and has number Mm_s and 6 :'); Outint (MMS.MM_S_SON,6); Outimage;
R_MMS5:- R_MMS,Suc;
end;



Table 4.79 (continued)

:hile not GANGS_CONSDR_Q.Empty and not MMS_CONSDR_O.Empty and GNRTD ¢ COMBS 633
o begin -

T C:- Copy (°6 &Mm_ s *);

T_C1:- T_C.5ub (2,2);

1.02:- T_C.5b (10,3);

BANGS_RGRIN_Q:- new Head;

COMBS_GENRTD_Q:- new Head;

R_G:- GANGS_CONSDR O.First;

while R_b =/s none do begin

G_RGRIN:= false;

6_R:- R_G,MN_MCH_SYS; lgang;

R_MMS:~ MMS_IONSDR_Q.First;
while R_MMS =/= none do begin

MMS:- R_MMS.MN_MCH_SYS; Iman-machine system;
1f G_R.MM_5_SON ¢ GANG [MMS.RQRD_G6N6 [1)).MM_S_SON then begin
| tonly gangs with mm_s_sqn ¢ are considered;

Ibecause 2 gangs with same mm_s_sqn (:) refer both to one operationl;
T1_(1.Putint (G_R.MM_S_SGN);
T_C2.Putint (MMS.MM_S_SGN);
COMB:- new GANG_SET_GNRTD
(7_C,SH_PERDIO],SH_¥XLY[0),SET,O6_R.GNGS + MMS.GNGS);
I Inew combination generated;
COMB.REQUIRED_LE (6_R, MMS);
if COMB.ACCEPTRBLE then begin
G_AGRIN:x true; Igang used at least once;
GNRTD:= CONRTD ¢+ 1;
COMB.MM_S_SON:= GANGS + GNRITD;
Outtext (“Rrceptable new combination consists of: *);
Outtext (COMB.NAME_COMP); Duttext (* and has number Mm_s:');
Outint (COMB.MM_S_SGN,6); Outimage;
new RECORD_MM_S (COMB).Into (COMBS_GENRTD_Q);
if GNRTD (= COMBS_bO $3. then
MM_S [GANGS + ONRTDJ):- COMB_b (GNRTD):- COMB
else begin
Outtext
(*You exceed the available number of references to °*
*combinations:*);
Outint (COMBS_b 33,6); Outimage;
Outtext (* by generating new ones upto'); Outint (GNRTD,B);
Outtext (* Reference in system is impossible.®); Outimage;

end;
end;
end;
R_MMS:- R_MMS.Suc;
end;
if 6_RAAIN then new RECORD_MM_S (G6_R).Intu (BANGS_RGRIN_R);
R_G6:- R_6.5uc;
end;
GANGS_CONSDR_Q:- GANGS_AGAIN_Q; lqueue af gungs used at Least once;
MMS_CONSDR_Q:- LOMBS_GENRTD_Q; lqueue of combinations generated that;
end; lcan be considered for adding a gang;
end of sets;
COMBS_G:s IMIN (COMBS_G 33, GNRTD); i ladjust overrated range of references;

end;

generates combinations for each set of man-machine system seperately. The

S€t contains the gangs considered; these gangs are queued in two queues;
One 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-§[.] 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-
SQON 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 of nperation Procedures used due to a cause
STATE RUN_PHRSE
DOwN INRCTIVE Gang becomes passive; Material processed
becomes passive or processing condition o.k.;
STATE_CH_OP_
PASSIVE R decision is made to start the operation;
START_OPRTN_
RUN Materials processed and produced are informed;
60_RHERD
SETUP_®AIT The setup of the operation needs time;
Hatd (.)
MAT_WAITY Check if all materials processed are there;
WAIT_MAT_PRC
PREPARED The operation starts with work on a field;
60_ON
BUSY ®hen a field is prorcessed;
ONT_TRRNSFER
60_ON_walIv ¥hen another field can be proressed;
60_ON
BUSY ®hen a storage (e.g. a drier) becomes full;
GNT_TRANSFER
6G0_ON_wAlT etc.

A decision is made to stup the operation;

STOP_OPRIN_
(if the operation could rontinue)

PRSSIVE
(if the operation is prohibited due to
the gang or the materials processed;
STRTE_CH_OP_)
DOwN
FINISH

LA TS
.................................................................................

{btank 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 1s 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 1s 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 1s 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 1s zero; it 1s 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 onc material.

Operation producing M Operation processing M
State variables Comment, Procedures State variables
of operation A in operation of nperation B
STRTE RUN_PHASE R B 'STATE RUN_PHASE
PRSSIVE INACTIVE DO¥N INRCTIVE

R decision starts A;

STRRT_OPRTIN_
RUM

GO_RHERD

The material M produced
by A changes its state
and that of B;
STATE_CH_OP_
PRSSIVE
and activates decision.
SETUP_WAIT
Hold ( )
R decision starts B;
START_OPRIN_
RUN
60_RHERD
SETUP_WRIT
Hold ( )
MAT_WAIT
WRIT_MAT_PRM
Because material M processed
by B is not yet available
{due to setup of A) B has to wait.
After setup of R
MAT_WAIT
WAIT_MAT_PRC
PREPARED
60_ON_
Material M will be delivered, so
again WAIT_MAT_PRC
BUSY PREPRRED
60_ON_

LA A B B A B A B R O R A I I R R R I I R R g

(blank vatue af 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-PRQC-
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
ii1). 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.

COMPONENT class OPERHIIDN: |szszssssexnsexsaszzsssszyssssazesssansee}
virtual: procedure START_OPRTN_, STOP_OPRIN_, STATE_CH_OP_,RD_ON_;
begin .
{ d ] c L a r a t .1 o ng
integer |ccmcecaccroacenonacnnas ;
RUN_PHASE , [phase defined in dynamic section:;
INACTIVE, SETUP_WALT, MAT_WAIT, PREPARED, BUSY, GO_ON_WAIT;
real [eecccccnccanccancneccne :
COSTS_G6NG, STRRT_TIME;
ref (MAN_MRCH_SET) OGRANG_b; |ecemaccecsuccaccscancas :
]
! i n i t b a L

STATE:= STATE_NEXT:= DOWN; )
RUN_PHRSE :» INACTIVE:=D; SETUP_WAIT:=1; MAT_WAIT:s 2; PREPARED:s 3; BUSY:24; HO_ON_WAIT:s5;

end 2t of class operation;

Table 4.83 Class OPRTN-MATRL; declaration of variables.

OPERATIDN class OPRTN_HﬂTRL; lassszasasssasxzasscnssssssssssazresssnss;
begin
| d e c | a r a t i ] n;
integer leccecrrccraceccncrcannn ;
12, MATRLS_PRCSOD, MATRLS_PRDCD, MATRLS_PROCBL, CNDIN_MT_PRC;
integer array lececerncccanacancnnnes. ;
M_PRC, M_PRD [1:4), fauxiliary variables, max. 4 materials;
PRC?NG_CNDTN [1:3,1:4); lpossible conditinns (max.3) of materials processed;
rea lecsccecrccnccacanccns.. :
SETUP_OPR, Isetup duration from gany;
QUANT, QUANT_PRC_OPR, lactual! cum.quantity prucessed;
GNT_DRY_PR_O, lquantity processed until previnus day (incl.);
CAPCTY_RCTL, CAP_FRAC, CAP_CHNG, lcaparity [halh)! -fraction! -change of capacity;
GNT_NOT_PROC; ldue to delivering at a slower rute than capcty_actl;
Ilong; real fecececrecaccrncnccnnna. ;
LT_MAT_TRNSF, L.T_PROC_UPDT; {last time of transfer/ update of processed gquantity;
bonlean jececcccrcccccnnecnncee. :
MAT_PRD_RGRD; ltrue if material produced is required in subsequent oper.;
boolean array lecccceccccrcnccancann.. ;
PRCSNG _MT_OK [1:4); Iprocessing condition of materials ok;
ref (MATERIAL) MP; fecccccceccancccnnrcncean :
ref (PROCESSED_MAT) array MAT_PROC (1:4); Imax. 4 materials processed;
ref (MATERIAL) array MAT_PROD [1:4]; imax. 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_; R cenme ceee ceeny
i Icalted in gang.state_ch_mms, state_ch_mat,attr_updt m ;
begin ' -
if STATE = STATE_NEXT then begin
for I2:2 1 step 1 until MATRLS_PRCSD du PRCSNG_MT _OK [I2]::
MAT_PROC (I2).M_PRC_CNDTN (PRCSNG_CNDIN (1, I2]) or
MAT_PROC (12).M_PRC_CNDTN [(PRCSNG_CNDIN (2, I2]) or
MAT_PROC [I2].M_PRC_CNDTN (PRCSNG_CNDTN (3, 121);
CNDIN_MT_PRC:= O; luse of run = 1 ¢ passive s 2 ( down = 3;
for 12:+ 1 step 1 until MATRLS_PRCSD do CNDTN_MT_PRC:s IMAX (CNDTN_MT_PRC,
if MAT_PROC [I2).STATE = DOWN or not PRCSNG_MT_OK (I2) then DOWN
else MRT_PROC.[I2).STATE);
STRTE_NEXT:= if BANG_G.STRTE = DOWN or CNDTN_MTI_PRC = DOBN
then DOWN else GANG_6.STARTE;
end; .
if STATE <) STATE_NEXT then begin
STATE_PREV:= STARTE;

TIME_C_RCCUM; lcasts from gang, costs_h are 0.0;
if STATE = RUN Istop needed; or STATE = BOWN lcunsider start;
then activate DECIDE at Time; Idue tn rhange nf material or gang;
STRIE:= STATE_NEXT;

end;

end $% 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-
CNDTN].,.] 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.

----------------------------------------------------------

Current = <ccececececnccccescesmsaccccccecasens

STATE RUN PRSSIVE DOWN

v T decision gang, material
PASSIVE decision gang, material
BOwN (not alluwed) 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-WALIT, 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 STRART_OPRIN_; R cvea -—ee cemns
if STATE = PASSIVE and RUN_PHASE = INRCTIVE then begin lcalled in decision;
GANG_O.STRRT_BORK 63 lculls also stute_ch_np_;
fur I2:5 1 step 1 until MRTRLS_PRCSD do inspect MAT_PROC (I2) do
if not PROCESSING then begin

ATTR_FLD_M_; lupdates cap_ratio;
RTTR_INTH_F _; lupdates tml_value;
end; lupdate before decision report;
activate this OPRIN_MATRL at Time;
end;
procedure GO_RHERD; lecee  o--- ~-e- “-ee RELY
begin icalled in dynamicy

SETUP_OPR:= GANG_6.SETUP_GNG;

COSTS_6GNG:s BANG_6.C0STS_MADE;

GUANT:= 0.0;

START _TIME:s Time;

for 12:s 1 step 1 until MRTRLS_PRCSD do MAT_PROC (12).PRCSNG_EXPCT;

for 12:s 1 step 1 until MBTRLS PRDCB do MAT Pﬂﬂﬂ (12).SUPPLY_EXPCT;
end 33 of go_ahead with setup of operatxon.
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Table 4.87 Procedure WAIT-MAT-PRC of class OPRTN-MATRL.

procedure WAIT_MAT_PRC; R ~--- ——.- ceen
begin _ lcalled in dynemic, mat.dlvey_startd, .dlvry_contnd;
booleun NO_WAIT_NDD; -
if RUN_PHASE = MAT_BAIT or RUN_PHASE = GO_ON NGIT then begin
NO_WAIT_NDD:s true;
for 12:s 1 step 1 until MATRLS_PRCSD dn inspect MAT_PROC (I2) do begin
NO_WAIT_NDD:= NO_WAIT_NDD and (GUANT_AVLBL » 1.08-4 or BELIVERINB)

end;
if NO_'QIT_NDD then rractivate this OPRIN_KRTRL at Time

else Lancel (this OPRTN_MATRL);
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,
QNT-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 GO _DON_; Jocee  ewaa cene cece  eeaas

begin Icalled in dynamic;
if RUN_PHASE = PREPRRED then begin

cap FRAC:« 1.0,

for 12:2 1 step 1 until MATRLS_PRCSD do FAP_FRAC:« MAT_PROC [12).CAP_RRTID & C[AP_FRAC;
CAPCTY_RCTL:+ GANG_G.CAPACITY 3 (AP _FRAC;

for I2:s 1 step 1 until MATRLS PRFSD do MAT_PROC [I2).START_PRCSNG (this OPRIN_MAIRL);

) fur I2:¢ 1 step 1 untxl MATRL.S_PRDCD do MAT _PROD (12]. DLVRY _STRRTID(this OPRIN . HQTRL);
end;

if MAT_PRN_RARD then
for I2:s 1 step 1 until MATRLS_PRDCD do MAT_PROD (I2].0L.VRY_CONTND;
MAT_PRD_RORD:= false; -
if RUN PHQSE » PREPARED or RUN_PHASE = GO_ON_WAIT then begin
L1 PRDF _UPDT:s LT_MAT TRNSF : Time; QURNT := 0.0;
for 12:x 1 step 1 until MATRLS _PRLSD do MAT_PROC [12).6D_UNTIL_MP;

, fur I2:x 1 step 1 until MATRLS_PRDCD do MAT _PROD{12).ACTEPT_UNTIL;
en

end 3% 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 matertal. 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, ONT-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_TRANSFER; e ---- c—-- ceen;
i1f RUN_PHASE = BUSY and LT HRT TRNSF ¢ Time then begin lcalled in dynaaic;
LT Hﬂl _TRNSF:s Time;
CAP QNI _CHNG (1.0); lupdates quant;
if QUANT » 1.08-4 then begin lprevents too small fields;

fur I2:2 1 step 1 until MATRLS_PRCSD do begin
MP:- MAT_PROC (121

HP.QDJUSI_GUGNT: lsuffirient quantity?;
if MP,ONT_PROC_OPR ¢ QUANT + 24,08-3 then Ilower or little highery
GNT_NOT_PROC := TONT_NOT_PROC + (QUANT - MP.QNT _PROC_OPR);
if ONT_TRF_FLD =/s none and MP.ONT_PROC_OPR ¢ QUANT - 24.08-3 tmuch lower;
then 1nspect ONT_TRF_FLD do begin
Outimage;
Outtext (*Warniny DPR_MAT.ONT_TRANSFER: Some quantity cannnt be processed'),
Outimage; Outtext (*in Operation, at Time, fAmount proressed,');

Outtext ('Amount in mat., Cum. amount not processed'); Outimage;
Outtext (NAME_COMP); Outfix (Time ,6,12); Dutfix (QUANT,6,12);
Outfix (MP.GNT_PROC_OPR,6,12);0utfix (ONT_NOT_PROC,6,12); Outimage;

end;
if MP.ONT_PROC_OPR ¢ GUANT ¢ 24.08-3 then Ilower or Little higher;
QUANT:= MP.ONT_PROC_OPR; ladjusts quant to gnt_proc_ope;

end;

GQUANT_PRC_OPR:s QUANT_PRC_CPR + QUANT;
inspect ONT_TRF_FLD dv begin
Setpos(1); Dutfix(Time,3,10);

end;
for J2:+ 1 step 1 until MATRLS_PRDCD du MAT_PROD [I2).DELIVERY_M_ (this DPRIN_MATRL);

fur I2:5 1 step 1 until MATRLS_PRCSD do MAT_PROC [I2).CONSUMPTIN_M (this OPRTN_MATRL);
if ONT_TRF_FLD =/s none then ONT_TRF_FLD.Outimage;
GUANT:= 0.0;

end;
end 28 of mat_trunsfer 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-QONT and CONTINUE of class OPRTN-MATRL.

Procedure UPDRT_ONT; l-eee  me-- oo === ===
! lcalled in mat.process_mat,.deliver_mat;

1f RUN_PHASE = BUSY then activate this OPRTN_MATRL at Time prior;
! icontinues with gnt_transfer;

Procedure CONTINUE; l----  ee. ---- “e-- ~eee;
! lcalled in mat.process_mat,.deliver_mat;

if RUN_PHRSE = 6O _ON_WAIT then activate this OPRIN_MATRL at Time;
I lcontinues with ga_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-DLYV (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 CAP_GNT_CHNG (FRAC); N “-e- ---- ---=;
real FRAC; fcalled in m.gqnt_intgr_m, (.attr_fld_m_), this gnt_transfer;
if (LT_PROC_UPDT ¢ Time or FRAC ¢» 1.0) then begin
if RUN_PHASE = BUSY then QUANT:s QUANT + CAPCTY_ACTL 3 (Time - LT_PROC_UPDT) t 24.0;
LT_PROC_UPDT:2 Time; lcapcty_actl = 0.0 if state O run;
if FRAC ¢> 1.0 then begin
CRP_CHNG:= CRPCTY_RCTL £ (FRAC - 1.0);
CAPCTY_ACTL:= CRPLTY_ACTL $ FRAC;
CAP_FRAC:= CAP_FRAC s FRAC;
if RUN_PHRSE = BUSY or RUN_PHASE = GO_ON_WAIT then
fur 12:s 1 step 1 until MATRLS_PRCSD do MAT_PROC(I2).CAP_CHNG_PRCSNG(this OPRTN_MATRL);
if RUN_PHASE = BUSY or RUN_PHASE = GO_ON_WAIT then
for J12:x 1 step 1 until MATRLS_PRDCD do MAT_PROD{I2).CAP_THNG_DLV (this OPRTN_MRTRL);
end;
end;

procedure MRT_PROD_CHNG (MD_PRV, MD_NO®); R e cem- come- ~ewey
integer MD_PRV, MD_NOW; Icalled in matrl.attr_updt_m_;
begin
integer MD_POS;
for 12:5 1 step 1 until MATRLS_PRDCD do
if MAT_PROD (12) == MATRL (MD_PRV) then MD_P0S:s 12;
if MD_POS ¢» 0 then begin 120 means md_prv was not produtable;
MAT_PROD (MD_POS):- MATRL [MD_NOW];
if STATE = RUN then beqgin
MATRL [MD_PRV]. DLVRY_STOP (this OPRTN_MATRL);lprocess_mat called in attr_updt_m_;
MATRL (MD_NOW).SUPPLY_EXPCT;
{ imd_nuw can become passive and decide will be informed;
if RUN_PHASE »s BUSY
then MATRL (MD_NOW).DLVRY_STRRTD (this OPRIN_MRTRL};
if MATRL (MD_NOW).DLVR_ALLWD then begin
DFCIDE.MAT_MAX _ONT:= true; lnperation has to stop;
activate DECIDE at Time;
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-PRYV, 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 STOP_OPRIN_; lecee  ame- .e-- ceea ceen;
begin lcalled in decision;
GANG_6.5T0P_WORK_6; lcalls also state_ch_op_;
) reactivate this OPRIN_MATRL at Time prior; leven if in setup;
end;
Procedure TERMNT; feeee  evem  meee emen eeen;
1f RUN_PHASE ¢) INRCTIVE then begin lcalled in dynamic;

GANG _O.SETUP_GNG:= if START_TIME + SETUP_OPR / 24.0 ¢ Time + 1,08-4 then GRANG_H.SETUPZ_N

else SETUP_ OPR - 24.0 s (Time - START_ TINE); lremaining setup time;
6ANG_G.SETUPTIME := GANG_G.SETUPTIME + RMIN (SETUP _OPR, 24.0 ¢ (Time - START_TIME));

FANG O.TIME_C_ACLUN; lto update costs;

£0sS15 _MADE:= COSTS_MADE + (GANG_G6.COSTS_MADE - COSTS_GNG);

for 12:2 1 step 1 until MATRLS_ PRCSD du MAT _PROC (I2}.STOP_PRLSNG (this OPRTN_MATRL);
fur 12:2 1 step 1 until MATRLS_ “PRDCD do MAT PRUD (12).DLVRY _STOP(this OPRTN HﬂlRL);

CRPCTY_ACTL:= 0.0;
end 3t 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-ONT (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-WALIT 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-MATRL.

l d Y n a " i ci
| s tar t;
while not END_EXPRMNT do begin
if STATE = RUN then begin

60_AHERD;

RUN_PHRSE := SETUP_WAIT;

Huld (SETUP_OPR I 24.0);

RUN_PHRSE := MAT_WAIT;

end;

if STATE = RUN then WRIT_MAT_PRC; lcancel/ activate depending on no_wait_ndd;
if STATE s RUN then RUN_PHASE:s PREPARED; lsetup completed, all materials available;
{ repeat processing;

while STATE = RUN do begin
50_ON_; RUN_PHARSE:= BUSY; Paussivate; lactv. by updat_qgnt;
GNT_TRANSFER; RUN_PHASE:s 60_ON_®RIT;
if STATE = RUN then Passivate; factv. by continue;
end of while processing;
if STATE ¢) RUN then TERMNT;
RUN_PHRSE == INRCTIVE;
while STATE ¢» 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.

DPERATIDN class SRVC_REPR; lscssessessssssscsasasssassranEsssaxassas;
begin .

l d e c L A r a t i o n;

ref (EQUIPMENT) l------:-?-----""j""5 '

MACHN; lrefers*to machine fur repair or servire;

ref (Head) l""'f""'f"""‘f"'3

MCHN_S_R_@; lqueve of machines with a failure;

real LT_TRANS, T_USED; leoeccrmomecomeccencnnes !

Table 4.95 Procedure STATE-CH-OP- of class SRVC-REPR.

procedure STATE_CH_OP_; feeoe  sees emee eeme eeeey
begin li.alled in gang.state_ch_mas, transfer, machl).dyn., .service_need;
if STATE = STRTE_NEXT then begin
if MACHN =/= none then begin
if not (MACHN.RPR_ND or MACHN.SRVC_ND) then MACHN:- none;
end;
while MACHN =z none and MCHN_S_R_O.First =/ none du beyin
MACHN:- MCHN_S R_O.First nua RECORD_LE.LBR_EQP qua EQUIPMENT;

MCHEN_S_R_Q.First.Out;
if not (MACHN.RPR_ND or MRCHN.SRVC_ND) then MACHN:- none;

end;
STATE_NFXT:= if MACHN == none then DOWN
else if MACHN.STATE = DO®N and (MACHN.RPR_ND or MRCHN.SRVC_ND)
l; then 6ANG_6.STRTE
3 else DOWN;
end;
if STATE ¢» STATE_NEXT then begin
STRTE_PREV:= STATE;
TIME_C_RCCUNM;
STATE:= STATE_NEXT;
end; .
end 33 of change of stute of service and repair ocperation;

103



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 START_OPRIN_; R .-e- emme  eeeey
if STRTE = PRASSIVE and RUN_PHRSE = INACTIVE then begin lcalled in derision;
OANG_K.STRRT_WORK b6;
; activate this SRVC_REPR 4t Time;
end;

Table 4.97 Procedure GO-ON- of class SRVC-REPR.

procedure HO_ON_; leeee  cvae cooe - “-e=;
if RUN_PHASE s PREPARED ur RUN_PHRSE = RO_ON_WAIT then begin lcalled in dyn,;

STRRT_TIME:= Time;
COSTS_hNG:= HANG_6.COSTS_MADE ;

end;

Table 4.98 Procedure TRANSFER of class SRVC-REPR.

procedure TRANSFER; [ cee- oo~ cem~;
if RUN_PHASE = BUSY then begin lcatled in dyn.;
GANG_b.TIME_[_RCCUM; lupdates costs nf gang;

T_USED:= T_USED + 24.0 & (Time - START_TIME);lin [h];
COSTS_MADE:s COSTS_MADE + (6ANG_6.COSTS_MADE - COSTS_GNG);
inspect MACHN du if RPR_ND and RPR_DUR ¢ T_USED ¢ 24.08-4
or SRVC_ND and SRVC_DUR ¢ T_USED + 24.08-4 then begin

SRVC_RPR_DON; Itransfers state of machine;
T_USED:s 0.0;
end;
RDMN.DISPLAY_DAIA_;
STATE_CH_OP_; lupdates machn and the state if no machines;

end;

Table 4.99 Procedure STOP-OPRTN- of class SRVC-REPR.

proredurs STOP_OPRIN_; [eeee  eeme meme e emeas

begin Icalled in decision to interrupt;
6ANG_6.STOP_WORK _6;
reactivate this SRVC_REPR at Time prior;

end;
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Table 4.100 Dynamic section of class SRVC-REPR.

{ d y n a m i c;
{ repeat;:
while not END_EXPRMNT do begin
while STATE = RUN du begin
RUN_PHRSE:= PREPARED;

GO_ON_;
RUN_PHASE := BUSY;
reactivate this SRVC_REPR at lcan be interrupted by stop_oprtn_;

Time ¢ { - T_USED +
(if MACHN.RPR_ND then MACHN.RPR_DUR
else” if MACHN.SRVC_ND then MRCHN.SRVC_BUR
!; else 0.0) ) 1 24.0;
TRANSFER;
RUN_PHRSE:= GO_ON_WRIT;
end;
RUN_PHARSE:= INACTIVE;
while STATE ¢» RUN do Passivate; lactivated in start_oprin_;
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 cases 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; |zzzzcsasszzsszzszazzsessanssssszssssszssy;
virtual: procedure URG_BGANGS_;
begin .
! d e c L a r a t i o n;
boolean |socommcrcccccccncreccss ;

SHIFT_CH, MARCHN_FLR, MACHN_OK,
MAT_MAX_GNT, MAT_DLV_OK, MAT_PASS, MAT_DOWN, PRC_CND, END_FLDS, DLVRY_SLWR;

end;
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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+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]Ji] that means that each component in queue COMP-Q is available or
not, respectively, during period 1. 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.

PI'OC!SS class SHIFI_PERO (PERDS); |lt:lstassxlll::ssltlsssss:a:t::llst::l::;
integer PERDS; Ilnumber of periods in a year or season;
begin
{ d e c L F r 2 t i o n;
integer l[ecccccccccaccnceccananas
PERD, Irurrent perind number;
LE_MO_CT6; Icategory of men/machines;
integer array leesccerccccccccacncccan :
PERD_END [0:PERDS +1]; , {last date period is valid;
boolean Jesccecracccccnccccanaaa ;
AVL.B_PRO, AVLB_PRD_PREV; {true if available in current/ previous period;
boolean array |ceccececcccccccccnnn.. ; _
RVLB_PERD {1:PERDS ¢+ 1); tfalse after perds;
text Jeeercccrcrcnrcccccccen. :
PLUS;
ref (COMPONENT) jeecccceccancnceccnane.. :
{MPNT;
ref (Head)
COMP_0; lquese for components;
ref (RECORD_COMP) Iref. tu 'link’object (to queue components);
REC_COMP; luperations 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;
! repeat;;
while not END_EXPRMNT dn begin

PERD:= PERD + 1;

RVLB_PRD_PREV:s RVLB_PRD;

AVLB_PRD:= AVLB_PERD [PERD);

RDMN.DISPLAY_DATA_; lupdate before states are changed;

LE_NO _CT6:= 0;

REC_COMP:- COMP_Q.First;

while REC_COMP =/« none do begin

CMPNT:- REC_COMP.CMP;

inspect CMPNT do begin
SHIFT_CHNGE_;
if RVLB_PRD and SH_¥K =/: none then artivate SH_6K at Time;

end;
inspect (MPNT when LABR_EGPMNT do if LE_NO_CTG <) LE_NO_LE then begin

LE_NO_CTG:s LE_NO_LE;
UPDT_MM_SYS.TEST_LE [LE_NO_CTG):s true;
activate UPDT_MM_SYS5 at_ Time;
end;
REC_COMP:- REC_COMP,Sur;
end;
DECIDE.SHIFT CH:= true;

activate DECIDE at Time;
reactivate this SHIFT_PERD at (YR_N - 1) % LAST_DAY_YEAR + PERD_END (PERD];

if PERD » PERDS then PERD:= 0;
end 2t of while;

component is a man or machine then the updating of man-machine systems
1s 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
18 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 1: 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.

Provess rlass SHIFT_WEEK [t2222232222:eszs22ez2ssnxssxsnzss2222233;
(BAY_CTGRS, COST_CTGRS, SHIFTS, PERIONS);
integer
DAY_CTGRS, {number of daytypes per week;
COST_CTGRS, {number of rost categories considered ;
SHIF 1S, Ishifts per dey fur a man or a marhine;
PERIDDS; Inumber of perinds in a year with different work-time and overtime moments;
begin .
! d e c l o r a t i ) n;
real array Jereeeecrcccnneccncrncnn H
COST_H_CTGR (0:r0ST_CTGRS), leasts/hour of man per category of costs;
SHIFT_END (0:SHIFTS,1:PERIODS]; [time in hours at end of shift, same all
{ (0 :j) » 0.0 ldays, shift_end [(shifts, jl= 24.0 2t n;

integer array S
COSTS_SH_CT6G [1:DAY_CTGRS, 1:SHIFTS, 1:PERIODS),icost category per day,shift,period;

PERIOD_END (1:PERIDDS ¢ 1], {last date perind is valid;

DAY_CATAGORY (1:7); {subscript 1....7 for monday,....,sunday;
integer leccecrceccccncceccccnn. :

COST_CTGR, lcurrent category of variable cnsts (overtime);
SHIFT, LE_NO_CTOR, lcurrent shift, category of men or mach.;
PERION, DAY_TYPE; lcurrent period, type of day (1,...,7);

real eerecececcencscrscannaa ;

COSTS_NOW, lturrent variable costs;

COSTS_PREV, COSTS_INCR, R;

buolean le-ccsccccccancacanccacs;

AVLB_WK, AVLB_¥K_PREV, ltrue 1f available in current/previous interval;
AVLB_r.OMP_WK; Itrue if sny rumponent avlb_comp;

ref (Head) eccccccccccnnccccoanvnns :

CMP_0Q; lqueue for components;

ref (RECORD_{OMP)

REC_CMP; lreference to a recnrd 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-PREYV, 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.

! d Y n a ] 1 c}
i repeat;
while not END_EXPRMNT do begin
DAY_TYPE:s WTH_MAT.DAY_TYPE_WIHR; lwthr is activated prior to shifts;
if SHIFT = SHIFTS then lupdate of period only after complete cycle of shifts;
while PERIOD_END (PERIOD) ¢ DAYS_NMB du PERIOD:s PERIOD + 1;
( Idays_nmb 1s updated in admnstr;
SHIFT:= Mad (SHIFT,SHIFTS) ¢ 1;

COSTS_PREV:= (OSTS_NOW;
COST_CIGR: s {0 means men are not available in current shift;

if PERIOD » PERIODS then O , {men not available after perinds;
else COSTS_SH_CT6G {DAY_CATAGORY (DAY_TYPE],SHIFT,PERICD];
COSTS_NOW:s COST_H_CIGR (COST_CTGR);
COSTS_INCR:s COSTS_NOW - COSTS_PREV;
AVLB_®K_PREV:= RVLB_WK;
RVLB_®¥K:« (OST_CTGR O 0; 1false for cateyory 0;
LE_NO_CT6R:= 0;
if not (AVLB_¥K_PREV eqv AVLB_EK) ar [OSTS_NOW ¢» COSTS_PREV ur not RVLB_COMP_WK then begin
RVLB_(OMP_WK:» false;
ROMN . DISPLAY_DATA_; lupdate before states are changed;
REC_CMP:- CMP_Q.First;
while REC_CMP =/= nune do begin
inspect REC_CMP.CMP do begin
SHIFT_CHNGE_;
AVLB_COMP_WK:= RVLB_COMP_WK or RVLB_COMP;
| true if any component exists that is available in current shift;

end;
inspect REC_CMP.CMP when LABR_EGPMNT do if LE_NO_CTHR ¢» LE_NO_LE then begin

LE_NO_CTGR:s LE_NO_LE;

UPDT_LE;
end;
REC_CMP:- REC_CMP.Suc;
end;
reactivate UPDT_MM_SYS at Time prior; lupdate before decision;
end 3% then branch of change;
if (not RVLB_WK_PREV und RVLB_W¥K) Istart or select work;
or {(AVLB_WK_PREV and not AVLB_WK and MM_S_SELECT) lstnp non-autom. work;
or (COSTS_INCR ¢» 0.0) Istart?, finish?;
then begin

DECIDE.SHIFT CH:s true;
activate DECIDE at Time;
end;
if END_SERSON or PERIOD » PENIOODS then begin
Passivate; ) lactivated by sh_prd;
SHIFT:= SHIFTS; PERIDOD:= 1;
end

else begin
R:s Time ¢ (SHIFT_END (SHIFT, PERIOD) - SHIFTV_END (SHIFT-1, PERIOD}) 1 24.0;

if Rbs{R - Entier(R+1.08-3)) ¢ 1.08-3 then R:* Entier(R+1.08-3);
reactivate this SHIFT_WEEK at R;
end;
end xx of while;

Table’4.106 Procedure UPDT-LE of class SHIFT-WEEK.

Procedure UPDT_LE; lomee  mmm meee eeee aeeey
beyin lcalled in dynamic;
if not (RVLB_WK_PREV eqv AVLB_WK) then {set test_avl in update_mms;
UPDT_MM_SYS.TEST LE [LE_NO_CTGR):= true;
1f COSTS_INCR ¢» 0.0 then begin
UPDT_MM_SYS.COSTS_CHNG [LE_NO_CT6R]:= true;
UPDT_MM_SYS.COSTS_INCRSE [LE_NO_CTGR):s COSTS_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 SHIF]_URB (POINTS); |zsszszzaszzszzsszss $3S5ZSEEREZASSSIREETCIERER ]

integer POINTS; inumber of calculation points in time cycle;
begin

| d e c L a r a t i o n;

integer |aceccccccnaccccccccnane ;

POINT_NO, 19;

real |eeeemccccnncnccccccnnss ;

R1;

real array [ewrosvstoacomacorsoanana ;

URG_CALC_HR [0:PDINTS); thours (may be 724.0) are handled relative to preceding;

boolean Jeccccccacacececcacaanes ;

RVi B_COMP_Ub; (true if any material available;

ref (Head) |[ececceccancnnccacacnnae ;

MAT_Q;

ref (RECORD_MAT)

REC_MAT;
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Table 4.108 Dynamic section of class SHIFT-URG.

d Y n a m 1 c;
repeat;

while not END_EXPRMNT dao begin
AVLB_COMP_UG:= false;
HOUR_RT_TIME;

REC_

MAT:- MAT_O.First;

while REC_MAT =/= none do begin

if RET_MAT.MATRL_RF ﬂVLB COMP then inspect REC_MAT.MATRL_RF qua PROCESSED_MAT dn begin
URG _MAT_PRC_;
URG_ )i EXI -3
QVLB_EDHP_UG:t RVLB_COMP_UG nr AVLB_TOMP;
I true 1f a romponent exists that is available in the current perind;

end;
REC_MAT:- REC_MAT.Suc;

end;
if AVLB_COMP_UG then inspect URG_RPL_OUTP do begin

Outfix( TIME_YR,2,6); Outfix( HOUR,1,5);

for I9:2 1 step 1 until MATRLS_PROC do inspect MRTRL_PRC (I9]) do

Dutfix( RMAX( URGENCY_PROC, URG_PROC_ALT) / CAP_PROC, 0,8); Setpos (Pus + 10);{fl/ha;
fur I9:2 1 step 1 until MATRLS_PROC du inspect MATRL_PRC (I19) du

if DISURG_USED then Outfix ( DISURGNC_DEL / CRP_PROC, 0,8) else Setpos(Pus+8);

Outtext(® {flL/hal'); Outimage;

end;

if AVLB_COMP_UG then DECIDE .URG_GANGS_; lactivates decide if necessary;
POINT_NO:= if POINT_NDO = POINTS then 1 else POINT_NO + 1;

if END_SERSON or not RVLB_COMP_UG then begin

end

Passivate; lactivated in shift_chnge_ of material;
POINT_NQ:= 0;

else begin

Ri:= Time + (URG_CALC_HR [POINT_NO] - URG_CALC_HR (POINT_NO - 1)) I 24.0;
if Rbs (R1 - Entier(R1+1.08-3)) ¢ 1.08-3 then R1:s Entier (R1 + 1.08-3);

reactivate this SHIFT_URG at R1;

end;
end of while;

4.4.4

Some
Table

Dates and time

procedures are necessary to transform data related to date and time.
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 DATE-TO-DAYNO of class SFOBASE-MODEL.

integer procedure DATE_TO_DAYNG

(MONTH_NO, DATE_MN_NO); feoee moee =esc meTi
integer HONTH _ND, DATE_MN_NO;

! {ralled in shift_perd/ _week, delve_fld_init;
begin Idayno will become relative tn 1st jan = 1, no leap years considered;

if MONTH_NO > 12 or DRTE_MN_NO » 31 then beyin

end;

Outimage; ]

Outtext (*Warning: You try to find a daynu with Month');

Outtext (* and Date, at Time'); Outimage; ]
Outint (MONTH_NO,6); Outint (DATE_MN_NO,6); Outfix (Time ,6,12); Outimage;

if HBNTH _NO ¢ 3 then MONTH_NO:= MONTH_NO + 12;
DATE_T0_ DAYNO:= Mud (Entier (MONTH_ NO s 30.6 + DRTE_MN_NO - 32.3) -1, 365) + 1;
end 13 devplopcd frum stuff & dale, agric. meteor. 12 [1973) 441-442;

111



Table 4.110 Procedure DATE-FROM DAYNO of class SFOBASE-MODEL.

prnc'dur' DR'E-FRB"_BQ1NO (DQYNG): ‘--‘- -eaes -eee --ee o.--:
integer DAYNO; ldayno relative tu 1st jan. = 1, no leap years;
begin

integer MN, DT;

text DATE_TXT;

if DAYND » 365 then beyin
Outimage;
Outtext ('Warning: Yuu try to find a date for dayno =*); Dutint (DRYND,B);
Outtext (*, 1t is reduced mud( ,365)."); Dutimagr;

end;

DAYNO:= Mod (DAYNO -1, 365) + 1;

DAYNO:= if DRYNO ¢ 60 then DAYND ¢ 365 else DAYND;

MN:s Entier ( (DAYNG ¢+ 32.3) 7/ 30.6);

OT:2 Entier (DAYNQ - MN 2 30.6 ¢ 33.3);

MN:z Mad (MN - 1, 12) + 1;

MNTH_DTS:s MNTH_TXT3 [MN];

DATE_TXT:- MNTH_DI6.Sub (4,3);

DATE_TXT.Putint (DT);

end 33 developed frum stuff & dale, agric. metenr.12 *"1973%, 441-442;

Table 4.111 Procedure HOUR-AT-TIME of class SFOBASE-MODEL.

procedure HOUR_AT_TIME; {ecee  ceee cocs ceme coan;
begin lcalled in decision, shift_urg;
HOURt=z (Time - Entier(Time ¢ 1.08-4)) % 24.0; 1+-0.0 at 24.0h;

DAY_FRAC_NOW:s if HOUR ¢= DAY_BGN then 0.0

else if DAY_END ¢= HOUR then 1.0

1y else (HOUR - DAY_BGN) / (DAY_END - DAY_BGN);
end;

Table 4.112 Procedure TIME-YR of class SFOBASE-MODEL.

real procedure TIME_YR; leeee  a--- coee - ceecy
TIME_YR:s Time - TIME_1JRN; Itime 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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S 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.

S.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 SFOEXPERIMENT and its attributes.

external class SFOBASE_MODEL;
SFOBRSE_MODEL class SFOEXPERIMENT;
gin
ref (WERTHER) WTHR;
WERTHER_MATRL class WERTHER;

ref (URGENCY_DCSN) DECIDE_URG;
BECISION class URGENCY_DCSN;

ref (RDMINISTRATION) RODMNSIR;
dRDHINISTRnTBR class RADMINISTRATION;
en;
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Table 5.2 Class WEATHER; declaration of variables.

IEQIHER_HQIRL class WERTHER; 'llltlt'llllt!ltISIIISSIISSSSSSIIIIlllllll:
begin

| d e c L a r a t 1 0 n

buolean levcemecccnccccancnncacea- 3

ENDED_DRTA; Itrue if end of weather datafile occurs;

integer - leceeeccacccncccaccnnne. ;

13, YERR, MONTH, DATE, CLOCK; linteyer clucktimes in inputfilell;

real [eeeccccnccncecccacances ;

RAIN_SUM, RAIN, {(mm]; :

TIME_NEXT, o Itime when new weather dats are required;

TIME_CL_PRV, TIME_fL, itime at cluck since 1 Jan,;

DURTN_DATR; : Ifrom current moment until data are valid at time_next;

ref (Infile)WTHR_MT_DRIR; lececcccemcacacnccccaana- :

text DATAFILE, YR; loeanacanoacacancacaanas ;

Table 5.3 Procedure NEW-FILE of class WEATHER.

procedure NEW_FILE; loeme  semeeeeeeeee eeeng
begin {called in main;

DATAFILE:- PARAMETERS.Intext (12);

YR:- DATAFILE.Sub (5,2);

YEAR:+ 1300 + YR.Getint;

ENDED_DATA:= false;
end:activate this WERTHER at Time prior;

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.
] d Y n 3 m 1 C;

while not END_EXPRMNT do begin
WIHR_MT_DATA:- new Infile (DATRFILE);
WIHR_MT_DATA.Open(Blanks(150));
RRIN_SUM:s D,0;
DRY_TP_1JAN:= 0;
WTHR_MT_DATA.Inimage;

while not WIHR_MT_DRTA.Endfile do begin
| read;
inspect WIHR_MT_DRTA do begin Idata for spell from now until munth,date,clock;
MONTH:s Inint; DRTE:s Inint; CLOCK:=s Inint; DAY_TYPE_WTHR:: Inreal;

RAIN:= Inreal; lin mm;
for I3:= 1 step 1 until MATRLS_PROC do PROPERTY [I3):= Inreal;
Inimage;

end;
if DAY_TP_1JAN s 0 then begin
I3:+ DATE_TO_DAYND (MONTH, DRTE);
DAY_TP_1JRN:s Mod (DAY_TYPE_WTHR - 1 - (I3 -1) + 7000, 7) + 1;

Outimage;
Outtext (*Day type at 1 Jan.’); Outint (YERR,8); Outint (DAY_TP_1JAN,6);

Outtext (* (1s Manday ,etc.); Data start at °*);
Outtext (DAY_TXT3 [DAY_TYPE_WTHR]); Outtext (° ');
Outtext (MNTH_TXT3 {MONTH)); Outint (Entier (DATE),6); Dutimage;

TIME_CL_PRV:s 13 - 1;

end;
TIME (Lss DATE_TO_DAYND (MONTH, DATE)- 1.0 ¢ CLOCK ! 24.0;

TIME_NEXT:s TIME_1JAN + TIME_CL;
DURTN_DATA:= RMAX(1,08-4,(TIME_CL - TIME_CL_PRV) $ 24.0);

ADMNSTR.DISPLAY_DATA_; .
if not END_SERSON then for J3:= 1 step 1 until MRTRLS_PROC du MATRL [I3).ATTR_UPDT_M_;

if not MM_S_SELECT «nd MAN [1).STRTE ¢» DOWN and not ENDED_PROCS then

DECINDE_URG.WTHR_UPDATE:= true;

activate DECIDE at Time; .
rear tivate this WERTHER at TIME_NEXT prior; iprinr to other processes;
RAIN_SUM:s RAIN_SUM + RAIN; lcum.rainfall upto the current time;

WTHR_MT_DATA.Lastitem;

TIME_CL_PRV:s TIME CL;
end xx while loop;
WIHR_MT_DATA.Close;

ENDED_DATA:= true; ]
for I3:s 1 step 1 until MATRLS_PROC do inspect MATRL (I3) do beyin

WORKBL _NEXT:s false; CH_WORKBL; STATE_CH_MAT;

end;
if not DECIDE.Terminated then reactivate DETIDNE at Time;Ifinishes operations immediately;
Passivate; Iwait until reactivated by new_file;

*nd 32 of dets & while nat end_of_expariment;

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-
Crty 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.

PROPERTY {1:6)
CLOCK  RAIN -=[1)----[2}-==-[3)----14)-ce [S}-=--(B)----

DATE DAY I[mm) cereal straw bales bales spil wet grain
Rug.1 field field loaded

8 1 13 0.00-21.52 -20.37 0,00 0.00 43.09 0.00
8 1t 23 0.00-219.76 -21.31 0.00 0.00 43.12 0.00
8 3+ 33. 0.00-22.00 -23.37 0.00 ©O.00 43.15 0.00
8 1 43 0.00-22.23 -24.75 0.00 0.00 43.97 ©0.00
8 1 853 0.00-22.46 -26.05 0.00 0.00 43.20 0.00
8 1 63 0.00-22.69 -27.283 0.00 0.00 43.22 0.00
8 1 73 0.00-22.91 -28.46 - 0.00 0.00 43.21 0.00
8 1 83 0.00-23.13 -29.57 0.00 Q.00 43.14 0.00
8 1 93 0.00-23.35-29.06 0.00 0.00 43.03 0.00
8 113 0.00-23.56 -21.51 0.00 0.00 42.83 0.00
8 1173 0.00 22.83 18.45 0.00 0.00 42.62 0.00
8 1123 0.00 22.09 16.83 0.00 ©0.00 42.4S 0.00
8 1133 0.00 21.28 15.52 0.00 ©0.00 42.24 0.00
8 1143 0.00 20.56 14.71 0.00 0.00 42.05 0.00
8 1153 0.00 19.85 14,01 0.00 0.00 41.80 0.00
8 1163 0.00 19.36 13.40 0.00 0.00 41.56 0.00
8 1173 0.00 18.98 12.88 0.00 0.00 41.32 0.00
8 1183 0.00 18.71% 12.52 0.00 0.00 41.16 0.00
86 1133 0.00 18.48 12.32 0.00 0.00 41.07 0.00
8 1203 0.00 18.31 12.29 0.00 0.00 41.03 0.00
8 1293 0.00 -18.37 -12.20 0.00 0.00 41.03 0.00
8 1223 0.00 -18.66 -14.25 0.00 0.00 41.03 0.00
8 1233 0.00 -18.95 -16.47 0.00 0.00 41.03 0.00
8 1243 0.40 -20.88 -36.88 0.40 0.00 41.82 0.00

{Data from Rug.1, 18962, 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.

nfcISIUN class URGENCY_DCSN; {sezxzzzescxzazssssssszzzzarassasssssnsas;
begin
| d e c L a r a t i v n;
buulean l ----------------------- :
LOOP_BRERK, linterrupts too many decisions at the sume time;
URGNE_CRLC. WTHR_UPDATE, MM_S_SELCT_P, MCH_FLR_STOP; lreasons of calling dyn.;
integer feocccmmomcccnconncananan :
6, 14, 16, X, C_S, STOP, STRRT, LOOP_CNT;
real leccccacccanncnncrcnnans :
TIME_PREV, URG_MAX;
ref (MAN_MACH_SYS) array |eecececrcvanecncccancnn ;

MM_S_OLD, MM_S_NEW [1:MM_S_SETS);
ref (MAN_MACH_SYS) MM_S3, MM_52;
ref (MAN_MACH_SET) GNG1;

ref (RECORD_MM_S) REC_MM_S;

ref (RECORD_MAT) REC_M;

ref (Head) MAT_PROD_G;
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Table 5.7 Dynamic section of class URGENCY-DCSN.
| d Yy n a [ i c;

while not END_EXPRMNT do

if Nextev.Evtime = Time and Nextev s/s ROMNSTR

then reartivate this DECISION at Time

| : telmast all other processes are dune earlier;

else begin
HOUR_AT_TINME;
if not RDMN.Idle then ADMNSTR,DISPLAY_DATR_;
if LOOP_BRERK and TIME_PREV ¢ Time then LOOP_BREAK:: false;

while (SHIFT_CH or Ishift change ur costs increased;
(MACHN_FLR ur MAT_MAX_ONT nr MAT_DO®N) lcombination has to stop;
or (MACHN_OK or MAT_PRSS or MAT_DLV_OX or WTHR_UPDATE or PRE_CND
or URGNC_CRLC)) ’ Inew combination may be considered;
and not LOOP_BRERK
do begin

LOOP_CNT:s if TIME_PREV ¢ Time then 0 else LOOP_CNT + 1;

if LOOP_CNT »= 10 then LOOP_BRERK :z trure; larbitrary stop after 10 repetitions;

if LOOP_BRERK then begin

Outimage;

OQuttext (*'The 10th decision was made at the same time:'); Outfix (Time,6,12);
Outtext (°, this sequence is interrupted at the 11th decisionl®); Outimage;
Outtext ('The machine systems selected at the 9th, 10th and 11th step are:');
OQutimage;
. for X4:s 1 step 1 until MM_S_SETS du if MM_S_OLD(I4} =/= none then

Outtext (MM_S_OLD (I4).NAME_COMP);
Outimage;
for I4:2 1 step 1 until MM_S_SETS do i1f MM_S_NEW(I4] s/+ none then
Duttext (MM_S_NEW [14).NAME_COMP);
Outimage;

end;

TIME_PREV:s Time;

MCH_FLR_STOP:= MRCHN_FLR;

SHIFT _CH:= MACHN_FLR:s MAT_MAX_GNT:=s MAT_DOWN:= false;

MACHN_OK:= MAT_PASS:= MAT_DLV_OK:= WIHR_UPDATE:= PRC_CND:= false;

URGNC_CRLC:s false;

fur I4:s 1 step 1 until MATRLS_PROC do inspect MATRL_PRC (I4) du begin
if DELIVERING and SUPPLY_NDD then DELIVER_MAT;! quunt_avlbl updated;
URG_MAT_EXT_; lupdates urgency at time;

end;

URG_BANGS _;-
MM_S_SELCT_P:« MM_S_SELECT;
for T4:2 1 step 1 until MM_S_SETS do MM_S_OLD [I4]):- MM_S_NEW (I4);
for [_S:s 1 step 1 untit MM_S_SETS do
if END_SERSON or WTHR.ENDED _DARTR or not MM_S_SET IC_S).RVLB_LOMP
then MM_S_NEW (C_S):- none
else begin
RPPLCB_GANGS;
APPLLB_MM_SYSTMS;
SELECT_MM_S;
end;
STOP_START_OPRTNS;
if LOOP_BREAK then begin
for J4:= 1 step 1 until MM_S_SETS do if MM_S_NEWI[I4) z/z nane then
Outtext (MM_S_NEW (I4).NAME_COMP);
Nutimage;
end;
end of while causes to change combinations;

Passivate;
end 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-OLDJi]; 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 URL_GANGS_; [oees  mmesamee o .
begin lcalled in shift_urg, this dynamic;
for K:x 1 step 1 until GANGS do begin

OANG [K).URGENCY_GANG_;
if GANA (X).STATE = PASSIVE and BANGIK].URGENCY_CORR » 0.0 then URGNC_CRALC:s true;

end;

if URGNC_CALL then activate DECIDE at Time; o
if Current =a this DECISION then URSNC_CRALC:= false; Ino extra decision is wanted;

Pnd'
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Table 5.9 Procedure APPLCB-GANGS of cLass URGENCY-DCSN.

procedurr RPPLLB_GRNGS; Jeeoe  eece. cen- cene ceany
beyin Icalled in dynamic;
boolean RPPL;
REC_MM_S:- MM_S5_SET ([ _S).MM_S_SET_0.First;
while REC_MM_S =/= none dn begin Iman_mach_set objects are gangs;
inspect REC_MM_S.MN_MCH_SYS when MAN_MACH_SET do beyin
RPPL_M_AVLBL:= STARTE <) DOWN Istate of gang / uvperation resp. ;
and (1f OPRIN__G =/= nune then OPRIN__G.STATE ¢) DOWN else false)
“and (URGENCY_CORR = 0.0); tand urgency - costs )= 0.0;
if APPL_M_AOVLBL then inspect OPR_MT__GK do begin
for I6:= 1 step 1 until MATRLS_PROCD du
APPL_M_AVLBL:= RPPL_M_AVLBL and MAT_PROD {I6).DLVR_ALLED;
) In.k. if ...8mat_procl) available (or wmach. fur repair);
APPL:= true;
fur I6:2 1 step 1 until MRTRLS_PRCSD do
APPL:s RPPL and not MAT_PROC [16).SUPPLY_NDD;
leppl, applicable can change if mat. is delivered in a cumbination;

end;
if OPR_SR__G =/s none then APPL:= OPR_SR__G.MACHN =2/: nune;
APPLICABLE:= APPL and APPL_M_RAVLBL;
end of man_mach_set and inspect;
REC_MM_S:- REC_MM_S.Suc;
end of while;
end 3% of deriving applicability of gengs;

— 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
1s 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 APPLIB_MM SYSTHS' lecoe wene ~ae- mees eeee;
brgin lcatted in dynanic:

pracedure SAVE_MAT_PRD (OPRTN_MT); ref (OPRTN_MATRL) OPRTN_MT;
begin

integer 18;

-inspect OPRIN_MT du

for 18:s 1 step 1 until MATRLS_PRDCD do

new RECORD_MAT (MAT_PROD (I81).Inta (MAT_PROD Q);
end;

REC_MM_S:- MM_S_SET [C_S).MM_S_SET_Q.First;
while REC_MM_S /= none dn
inspect REC_MM_S.MN_MCH_SYS do begin
bonlean APPLY_M_DLVR, RPPLCBL, APPLCBL_MM_S;
real UR61, URG2;
APPLY_M_DLVR:« RPPLCBL:s RPPLLBL_MM_S:s true;
for G:s 1 step 1 until GNGS dv begin lg in sequence nf processing materials;
ONG1:- GANG [RARD_GNG [61]);
APPLY_M_DLVR:= RPPLY_M_DLVR and GNG1.APPL_M_AVLBL;
URG1:s URG1 + GNG1,URGENCY;
URG2:= URGZ + BNG1.URGENCY_CORR;
] RPPLCBL:= APPLCBL «nd GNG1.RPPLICABLE;
end;
URGENCY:= URG1;
URGENCY_[ORR:= URGZ;
RPPLY_M_DLVR:= APPLY_M_DLVR and URGENCY_CORR »s 0.0;lurgency - costs » 0.0;

RPPLLCBL:s APPLCBL and URGENCY_CORR >= 0.0; lurgency - costs » 0.0;

if not APPLY_M_DLVR then APPLICABLE:s false Istate,urgency or dive not ok;
else if BPPLCBL then RPPLICABLE:= true tok;

l; else if C_S ) 1 or (NGS5 ) 1 then begin Imaterial needed may be produced;

MAT_PROD_B:- new Head;

Ifitt -at_prod q with materials produced with man-mach.systems already selected;
I6:s C_S -1; all mm_s_new from preceding ma_s_sets;
for J4:s 1 step 1 until I6 do 1nspect MM_S_NEW® (I4)

when MAN_MACH_SET do if OPR_MT__6 =/= none then SAVE_MAT_PRD (OPR_MT__6)

when GAND SET do for O:s 1 step 1 until GNBS do

if GANG (RQRD _GNG [6]]1.0PR_MT__O s/= nnne then

SAVE_MAT_PRD (GANG {RGRD_ 6N6 (61).0PR _MT__6);

for G:= 1 step 1 until 6NGS do if APPLCBL_MM_S then begin
ly in sequence of processing mat.ll -) saved before requested as mat_proc;
buolean PROCSNG_G6_OK;
PROCSNG_6_0K:= true;
NG1:- GANG [RAGRD_GNG (6]);
if GNG1.APPLICABLE then SAVE_MAT_PRD (GNG1.0PR_MT__G)
else inspect ONG1.0PR_MT__6 do
for I6:s 1 step 1 until MATRLS _PRCSD da
if MAT_PROC (I6). SUPPLY_NDD and PROUSNG_6_OK then begin
boolean PROCSNG_M_OK;
REC_M:- HﬂT_PROD_G.First:
while not PROCSNG _M_OK and REC_M =/z none dn begin
PROCSNG_M_OK:= MAT_PROC [I6) == RE[_M.MATRL_RF;
REC_M:- REC_M.Suc;
end;
PROCSNG_G_OK:2 PROCSNG_G_OK and PROCSNG_M_OK;
end;
APPLCBL _MM_S:» RPPLCBL_MM_S and PROCSNG_6_OK;
end of testing gangs in combination;
RPPLICABLE:= RAPPLCBL_MM_S;
end of try delivering a;
REC_MM_S:- REC_MM_S.Sur;
end of inspect and mm_s_set;
end 82 of deriving applxrabxlxty 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 1s 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 1t 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 SELECT_MM_S; fomee eeee === “e-- ===
begin _ lcalled in dynamic;
URG_MAX:s -0.01;
MM_S2:- nnne;
REC_MM_S:- MM_S_SET (C_S1.MM_S_SET_0.first;
while REC_MM_S =/s none do begin
MM_S3:- REC_MM_S.MN_MCH_SYS;
if URG_MAX ¢ MM_S3.URGENCY CURR and MM_S3.APPLICABLE then begin
MM_S2:- MM_S3; lonly one mm_s is chosen from a set;
URG_MAX:= MM 53 URGENCY_CORR;
end;
REC_MM_S:- RFC_MM_S.Suc;
end;
MM_S_NEW ([ _S1:- MM_52;
end $% of selecting combinatinns;

Table 5.12 Procedure STOP-START-OPRTNS of class URGENCY-DCSN.

procedure STOP_START_OPRINS; lec=- =ce- ce-- .==a ceee;
begin lcalled in dynamic;
integer array GANG_DECSN [1:6ANGS);
MM_S_SELECT:= false;
for Jd:s 1 step 1 until MM_S_SETS do begin
if MM_S_OLD [I4) =/s MM_S_NEW (J4) or MCH_FLR_STOP then begin
if MM _5_0LD [14] e/s none then MM_S BLD (T41.S70P IORK _L.; lgangs have a dummy..:
if MM _S_ "NEW [14) =/s none then MM S _NEW [14).STRRT_WORK C -3 l..virtual procedure;
Jis if MM _S_OLD (I4) s/s none then MM_S_OLD [I41.6NGS else O;

fur H:= 1 step 1 until J do
GANG_DECSN (MM_S_OLD [I4).RGRD_HNG (B)):= STOP; Istop;
Jis if MM 5 Ni' T14) =is none then MM _S_NEW [J4).GNGS else 0;

for Bis 1 ste 1 until J do

HANG6_DECSN IHH _S_NE® [I4).RGRD_GNG [6]]:=

GANG_DELSN [HH_S NEW (I4).RORD_ “GNR [6)) + START; I{stop)estart;
J:s if MM_S_QLD (I4) =!= none then MM _S_OLD [I4).6N6S else O;

for Gz 4 step 1 until J do

if RANG_DECSN (MM_S_OLD (I4).RQRD_GNG (6]] = SIOP

or GANG (MM .S, OLD (I4).RORD_RNG {6)).FAILURE_E then
GANG (MM_S OLD [14).RGRD BNG [6G)).0PRIN__G. STOP_OPRIN_; 1-) stup_work_g;

end;
J:re 1f MM_S_NEW (I4) =/s none then MM_S_NEW {I4).GNGS else 0

for G:s 1 step 1 until J do

GANG [MM_S_NEW [I4]).RORD_GNG [6)).OPRTN__G.STRRT_DPRIN_; 1-) start_wnrk_g;
{ Inu effect if already startad.
MM_S_SELECT:= MM_S_SELECT or MM_S_NEW (I4) =/: 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 applicablility 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, 1s 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.

COMPONENT class QBHINISTRQTOR; l:l::s:::l::a:st::l:::::!:s:s:::::s:stls:;
virtual: procedure PERD_OUT_M_, DISPLRY_DATA_;
begin

! d e c { a r a t i o n;

protedure PERD_DUT_M_ (P_M); ref (PROCESSED_MAT) P_M;;
procedure DISPLAY_DATA_;;
end;

Table 5.14 Class ADMINISTRATION and its declaration of variables.

ADMINISTRATOR r.lass RDMINISTRATIDN; |sssssssssseesanaEEa2SECESSRREEEZSESEETRE]
begin - .

| d e c | a " F t i n n;

integer lececammmcccncevnconncess

IS, ST, M, 0, HR, HR_PREV, LT_HR;

real array feesormennmmmnnomenoaee P

COSTS_CATGRY (1:5); lcateqories of men, mach., gangs, nperations, materials resp.;

real P :

GNT, LT_DISPLAY; ‘

boolean leccemccencnccccanacacan ;

EACH_PERIOD, PERD_OUT, DISPLAY;

text array [scmconocccvecanccnccann ;

STATE_TEXT_M [1:MATRLS_PROC], STATE_TEXT_O {1:0PRINS];

ref (Printfile) REPORT_PERD; |emccoronmamccsvoenananea ;

ref (Head) PLOT_O;
ref (PLOT_RDMIN) PLOT;

Table 5.15 Procedure SHIFT-CHNGE- of class ADMINISTRATION.

procedure SHIFT_CHNGE_; feene  ee-- ---- “--- ceves;
begin lralled in sh_prd;

if RVLB_COMP then PERD_OUT:» true;

AVLB_COMP_PR:s AVLB_COMP;

if SH_PRD s/s nune then AVLB_(OMP:: SH_PRD.AVLB_PRD;

if not END_SEASON then reactivate this RODMINISTRATION at Time;
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) opéra-
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); (iii) 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 DISPLAY_DARIA_; leaee eeaa ——-- . “ee-;

if DISPLAY then begin lcalled in weather, decision, daily_data;
integer H; Ishift_perd, shift_week, updt_man_mch,serv_repr, mat.consumptn_m;
HOUR_AT_TINME; lgives huur;

HR:= 2.0 2 HOUR;
if HR = 0 and LT_HR ¢ 48 then HR:= 48;
if KR » HR_PREV and LT_DISPLAY ¢ Time - 1.08-4 then begin
for M:z 1 step 1 until MARTRLS_PROC do
if MRTRL [M]}.STRTE = PRSSIVE
then begin
for H:= HR_PREV+1 step 1 until HR do STRTE_TEXT_M [M).Putchar ('-');
end
else if MATRL (M).STRTE = RUN
then begin
for H:s HR_PREV+1 step 1 until HR do STRTE_TEXT_M [M].Putchar ('+');
end )
else STATE_TEXT_M (M].Setpos (HR + 1);
for O:= 1 step 1 until OPRINS do
if OPRIN [D).STRTE = PASSIVE
then beyin

for H:s HR_PREV+1 step 1 until HR do STRTE_TEXT O [(Q).Putchar (*-');
end
else "if OPRTN [0).STRTE = RUN
then begin
for H:s HR_PREV+1 step 1 until HR da STATE_TEXT_O (0).Putchar(’'+');
end
else STATE_TEXT_O (0).Setpos (HR + 1);
end;
LT_DISPLAY:z Time;
LT_HR:= HR;

if HR = 48 then HR:= 0;
HR_PREV:= HR;
end;
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Table 5.17 Procedure DAILY-DATA of class ADMINISTRATION.

procedure DRILY_DATA; eeee acaa ceee . esaa ceees
if AVLB_COMP ur AVLB_COMP_PR then begin Iralled in dynamic;
for IS:2 1 step 1 until 5 do COSTS_CRIGRY (IS):s 0.0;
for 15:s 1 step 1 until MANN do begin
MAN [15).1IME_C_RCCUM;
COSTS_LRIGRY [11:= COSTS_CATGRY [1] + MAN (IS]1.COSTS HﬂDE;
end;
for IS:s 1 step 1 until MRCHNS do begin
MACH (1S).TIME_C_ACCUM;
COSTS_CATARY (2):s COSTS_CATGRY (2] + MACH [1S).COSTS_MRDE;
end;
for IS:s 1 step 1 until MN_MCH_SYSTMS dn
inspec.t MM_S {IS]) du begin

TIME_C_RCCUM;
if 15 1= EQNGS then COSTS_CATGRY [3}:= COSTS_LATGRY (3) + COSTS_MADE;

if 15 (= BANGS then GANGLIS), SETUP_ANG: = BANGLI5).SETUP1;
end;
for I5:s 1 step 1 until OPRINS do begin
OPRTN [IS5]).TIME_C_RCCUM;
COSTS_CRTGRY (4):= COSTS_CATIGRY (4] + OPRIN (I5).COSTS_MADE;
end;
ENDED_PROCS:= true;
for IS:= 1 step 1 until MATRLS _PROC do
inspert MATRL_PRC [I5) du begin
if PROCESSING then PROCESS_MAT;
if WIHR,.ENDED_DATA then
COSTS_TMLNSS:s COSTS_THLNSS + QUANT_RVLBL 3 PRICE_HA & LOSS_MULT;
COSTS_MRDE := COSTS_TMLNSS;
ENDED_PROCS:= ENDED_PROCS and not AVLBL;
TIME _C_RCCUM;
FOSTS_CATGRY (S):= COSTS_CATHRY (S) + COSTS_MADE;
end;
inspect REPORT_PERD do beyin
Outimage; Outint (DAYS_NMB, 4); Outtext (* Guant_avl®); Setpos{14);
for IS:s 1 step 1 until MATRLS do
Outfix(MATRL [IS].QUANT_RVLBL,2,13);0utimage;
OQuttext (* Quant_procsd®); Setpos (14);
for IS:a 1 step 1 until MATRLS do Outfix (MATRL (IS).QUANT_PROCSD,2,13);
Outimage;
end;
PLOT:s- new PLOT_RDMIN; if AVLB_COMP then PLOT.Into (PLOT_Q);
inspect PLOT do begin
for IS:s 1 step 1 until MATRLS _PROC do QUANT_M [IS):= MATRL [IS).QURNT_PROCSD;
fur 15:s 1,2,3,4,5 do COSTS_CUM [IS):s COSTS_CRIGRY {I5);
COSTS_CUM ISl:- (OSTS_CﬁTﬁﬂY (3] «+ COSIS_CQTBRY {5);
DAY_NMB:s DRYS_NMB;
DAY_TP:= DAY_TYPE_NOW;
end;
if DISPLRAY then begin
DISPLAY_DATA_;
DISPLAY_OUTPUT;
end else
begin
Duttext (DAY_TXT3 (DAY_TYPE_NOW)); Outtext (* *);
DATE_FROM_DRAYNDO (DRYS_NMB); Outtext (MNTH_DTGE);
Outint (DAYS_NMB,4); Outtext (* :'); Breaknutimage;
end; :
if PERD_OUT and SH_PRD =/+ none then begin

Outimuge; Setpos (113); Outtext (*end period®); Outint (SH_PRD.PERD - 1, 2); Outimage;

end;
end;

Writing data is the purpose of the following procedures. Table 5.18, DIS-
PLAY-OUTPUT, writes daily (if required: DISPL:AY = 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 DISPLAY_OUTPUT; lecee e--- .- caaa —eee
begin {called in daily_data;

Outtext (DAY_TXT3 {DAY_TYPE_NOW1); Setpus (5);

DATE_FROM_DRYNO (DRYS_NMB); Outtext (MNTH_DTB); Outint (WTHR.YERR, B);

Setpus (Pus ¢ 10); Outtext (* Time = *); Outint (DAYS_NMB, 6);

Duttext (* Clock vs state: +zrun, -spassive*'); Outimage;

Outtext
(*Names Area [haliumlusts: 12 3 4 56 718 910 12} 14 16 18 20 22! 24:*);
Outimage;
fur M:= 1 step 1 until MATRLS_PROC do inspect MATRL_PRC [M) du begin
Outtext (NAME12); Outfix (QUANT_PROCSD - GNT_DAY_PR M, 2,6);
Outfix (QUANT_PROCSD, 1,6); Outfix (COSTS_MADE, 0,6);
Outtext (STATE_TEXT_M (M]1); Outimage;
STATE_TEXT_M (M):- Copy (° ' JEHE : S 1

GNT_DAY_PR_M:= QUANT_PROCSD;
end; Outimnage;
for O:= 1 step 1 until OPRTINS do inspect OPRIN (0] do begin
Outtext (NRME12);
if O¢= CPRINS_MT then beyin
inspect OPR_MAT™10] do begin

Outfix C(QUANT_PRC_OPR - ONT_DAY_PR_0, 2,6); Outfix (QUANT_PRC_OPR, 1,6);

ONT_DAY_PR_0:= QUANT_PRC_OPR;
end;

end else Setpos (Pos+12);

Outfix (GANG_6.r0STS_MADE, 0,6); Outtext (STRTE_TEXT_O {0)); Outimage;

STRTE_TEXT_O {0):- Copy (STRTE_TEXT_M(1]);
end; Outimaye;
Outtext (*Cum.costs: (men ¢ machines = nperations) + materials --)TOTAL costs
Outimage;
Duttext (DAY_TXT3 [DAY_TYPE_NOW]); Setpos (5); Outtext (MNTH_DT6);
Outfix (COSTS_CATGRY (1], 0,6); Gutfix (COSTS_CATGRY (21, 0,11);
Outfix (COSIS_CATGRY (3), 0,13); Outfix (COSTS_CATGRY (S, 0,15);
Outfix (COSTS_CATGRY [3) + COSTS_CARTGRY (51, 0,15); Outimage;
Outtext ("s = 2 = 2 2 2 s z 2 3 2 = 2'); Outimage;

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.

Mon Aug 13 1962 Time = 225 Clock vs state: ¢srun, -spassive

Names Area [halcuslaosts! 123 4 56 7:8 910 120 14 16 18! 20 22! 24!
WYheat (winte 11.31 21.7 713+-cvencccncce- XY X R R R A R R R R T R R 2 S R
Struw swath 4.00 12.6  93----=s-ccccsesvenmmooo- $He44deo oo ’
Bales in fie 3.48 11.8  72------ccccesommn-oooo- $ooomooe $e44ocomees peoooed
Bales cn tra 0.00 8.3 0o - ¢ TTTemmmemmossssessscecceoe E
Stubble fiet 0.00 0.6 0  oeoessssTosotescocsssssesnseenenes .
Wetgrain in 2.46 12.2 0 ‘ Y P S S TITITE
2 mén Combin 6.80 7.4 102 trevrees D tereeee 0
1 man Combin 4.51 14.3 135  ==-==--- PIIOOEIEIEIY mmeooen $ei
Baling...... 4.00 12.6 43  -eemseees SSS0000RIIREI P
Bale luading 3.48 19.8 47  =--ees-- $oeomos thedocomomes o
Bale yatheri 0.00 0.0 0 wremommomsomsssssomeesseeseees .
Bale unluadi 0.00 8.3 19 ¢ mommmmmmeessscccseones . "
1 Ploughing. 0.00 0.6 0  memeeeesmescoososseosemmmseess v
2 Ploughing. 0.00 0.0 0  soeomsccccmecsssemmesseseeees o
Grain drying 2.46 12.2 379 ‘ $HEORIIELIIIIIEIIIELIL Y]
2 men Servic 36 : E . ¢ . . X
1 man Servic 0 : ' ) o

Cum.costs: (men ¢+ machines = aperations) ¢+ materials --2TDIAL costs
Mon Aug 13 383 378 762 a78 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. o
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; lecee  ece- -eea .e== ceee;
if (PERD_OUT and ERCH_PERICD) wur iralled in dynamic;
END_SERSON then begin
CUM_USE_COSTS;
PERD_OUT:= fulse; Iset to true in shift_chnge_ of material;
end else PERD_DUT:s faulse;

Table 5.21 Procedure CUM-USE-COSTS of class ADMINISTRATION.

procedure CUM_USE_COSTS; focee  eaw- coca ceoe ceovy
inspect REPORT_PERD do begin Icalled in perd_output;
Eject(1); Outtext (EXPER_IDF); Outimaye; Outint (WTHR.YEAR,4); Outint (YR_N,4); Setpos(13);
OQuttext(*title Time (h):run,passive,down, Coasts:cumicatn®);
Outtext(® Runtmlh] *); Outtext(® until');
Dutfix(TIME_YR,1,6); Duttext(®,at date®); Outint(DRYS_NMB,4); Outimage;
for IS:s 1 step 1 until MANN do USE_COSTS (MAN [IS));
Outfix (COSTS_CATGRY (1),0,6); Outimage; Setpus(105); Outtext (*Service,Repair_t(h]*);
for IS:2 1 step 1 until MRCHNS do begin
USE_COSTS (MARCH [IS));
Setpas (105);
inspect MACH [IS) do begin
Butfix (SERVICETIME,2,3); Outfix (REPRIRTIME,2,9);
end;
end;
Setpns(65); Outfix (COSTS_CATHRY (2),0,6); Outimage;
Setpos(105); Outtext(®setup-time {h1');
for IS:s 1 step 1 until MN_MCH_SYSTMS do if MM_S [IS] =/= nune then begin
USE_COSTS (MM_S (1IS8)); if IS = BANGS then Outfix (COSTS_CRIGRY (3),0,6);
Setpos(105); if IS <= GANGS then Outfix(GANG (IS).SETUPTIME,2,9);
end; Dutimiage; Setpos(105); Outtext('n_not_l&q_processedlhal’);
for IS:e 1 step 1 until OPRINS du begin
USE_COSTS (OPRTN (I51);
Setpns(105); if IS (= OPRINS_MT then Outfix (OPR_MRT (IS).GNT_NOT_PROC,4,8);
if IS (= OPRINS_MT then Outfix (OPR_MAT [IS].QUANT_PRC_OPR,2,10);
end; _
Setpus (65); Outfix (COSTS_CATGRY [41,0,6); Outimage;
Setpos (80); Outtext (*Processed,Available ,Gnt_dima Gnt_dltd(hal®);
for 15:s 1 step 1 until MATRLS du begin
USE_COSTS (MATRL (IS));
if IS « MATRLS_PROC then Outfix (FOSTS_CATGRY (5),0,6};
Setpos (30); Dutfix (MATRL [I5).QUANT_PROCSD,2,3); Outfix (MATRL (IS).GUANT_RAVLBL,2,9);
Outfix (MATRLIIS).ONT_PRC_DUMM,4,9); Outfix (MATRLIIS).GNT_DLTD,4,9);
end;
Cutimage;
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.

------
l---'- - - - - - - - - - - H

Procedure USE_COSTS (COMP2); .
lcalled in cum_use_tosts;

ref (COMPONENT) COMP2;

inspect (OMP2 du

Inspect REPORT_PERD du begin
Outimage; (29)
Outtext (NAME FOMP); Setpos H
far ST:= RUN, PASSIVE, DOWN do Outfix (TIME_USED (57)324.0,0,6);
Setpos (Pus + 8);
Uutfix (EOSIS_NQD£.2|9]3
if SH_¥X =z/s none then begin . .y

Setpus(70); Dutfix (Y_RUN_OVERTH¥24.U.1,10); OQuttext (* overtime'};

end; Setpos(65);

end af output of component;
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Table 5.24 Dynamic section of class ADMINISTRATION.
| d y n “ 7 n 1 c;

wvhile not END_EXPRMNT du begin
| start;
while not END_SERSON do
if Nextev.Evtime = Time then reactivate this ADMINISTRATION at Time
! Idelayed until other prucesses at same moment are executed;
else begin
DAYS_NMB:» Entier (TIME_YR + 1,08-4); ldays_nmb at 24h00 = past day;
DAY _TYPE_NOW:s Mod (DAY_TP_1JAN ¢+ DAYS_NMB - 2, 7) ¢+ 1y
CAILY_DAIA;
END_SERSON: s
(ENDED_PROCS and SH_PRD.PERD_END (SH_PRD.PERD - 1] = DAYS_NMB) or WTHR.ENDED_DATA;
PERD_OUTPUT;
AVLB_COMP_PR:s false;
if not END_SERSON then begin
if AVLB_COMP then Hold(1.0)
else Passivate; lactivated in sh_prd;
end;
end of while not end_nf_season;

{ season finished;

if END_SERSON then begin
ref (Printfile) SUMMRRY_IXT;

procedure YRLY_SUMMARY; fecee  eee- “~ee oo ceme;
inspect SUMMARY_IXT do begin
Cutimage;
Outtext ("Year®); Outint (WTHR.YERR,B); Outtext (* Nn.'); Outint (YR_N,6);
OQuttext (* Rnnual Susmary of Results.’); Outimage;
for I5:s 1 step 1 until MATRLS_PROC do
if MATRLIIS).QUANT_RVLBL » 1.08-4 then begin
Outtext (MATRLUIS).NAME_COMP); Outtext (* still available');
Outfix (MATRLIIS].QUANT_RVLBL ,6,12); Outtext (* (hal*'); Outimage;
end; Outimage;
Duttext (*Cum.costs: (men + machines = pperations) + wmaterials -->TDTAL costs®);
OQutimage;
Outtext (DAY_TXT3 {DAY_TYPE_NOW)); Setpns (5); Outtext (MNTH_DTE);
Outfix (COSTS_CATGRY [1), 0,6); Outfix (COSTS_CATGRY (2], 0,11);
Outfix (COSTS_CATGRY (3], 0,13); Outfix (COSTS_CATHBRY [5), 0,15);
Dutfix (FOSTS_TATBRY [3) + TOSTS_CRATGRY (5], 0,15); Outimage; Cutimuge;
for IS:= 1 step 1 until MATRLS_PROC do
if MATRL (15).COSTS_MADE » 0.0 then begin
Outtext (MATRLIIS).NAME_COMP); Outtext (* Timeliness losses are: Dfl.');
ODutfix (MATRLLIS).COSTS_MADE,6,12); Outimage;
end;
end;

for SUMMARY_TXT:- REPORT_PERD, Sysout du YRLY_SUMMARY;
REPORT_PERD.E ject(1);
YRLY_PLOT;

Passivate; Iwait until new season, then activated by sh_prd;

end;
end 1t of seasun 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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Passivate;

Table 5.25 Procedure YRLY-PLOT of class ADMINISTRATION and Class PLOT-AD-

MIN.
procedure YRLY_PLOT; [oeoe fomon e e ey
inspect REPORT_PERD do begin Icalled in dynamic if end_season;

OQuttext (EXPER_IDF}; Outimage;
OQuttext (*Files used in input: '); for IS:z 0,1,2,3,4 do begin
Setpns (Pas ¢ 5); Outtext (INFILE_TXT10 [IS)); end;
Setpos (Pos + S); Outtext (WTHR.DATAFILE); Outimage; Outimage;
Duttext (*QUANTITIES and COSTS vs. TIME in year:*); Outint (WTHR.YERR,B);
Dutimage; Dutimaye;
OQuttext (°*Date Day BUANTITY processed (hal [');
GNT:= MATRL_PRC [1).DUANT_ARRVD; lassumed that matrl(1] starts with max.:
Setpos (43); Duttext ('Ouantity expected');
Outfix (GNT, 0,4); Outtext (° [ha)*); Setpos (80); .
OQuttext (* COSTS uf Operations, Crops, Total DAY'); Outimage;
OQuttext (° number®); Setpos (80);
Outtext (°( Men ¢+ Mach. = Gangs = Oper. ) + Mat. = sum number®); Dutimage;
Outimage; Outimage;
Setpns{13); for M:= 1,2,3,4,5 do Outtext(® 246802468'); Outtext (* [3)°); Dutimage;
Setpos(21); fur M:s 1,2,3,4,5 do begin
Outint(M 2 20,3); Setpos(Pus+7);
end; Outimage; )
Setpas (13); Outtext(*:!®); for M:s 1,2,3,4,5 do Duttext (*--v--u--- +*); Outimage;
PLOT:- PLOT_O.First; if PLOT s/z none then DATE_FROM_DAYND (PLOT.DAY_NMB);
Outtext (MNTH_DTG); Setpos (1);
while PLOT 2/= none do inspect PLOT do begin ‘
1f DAY_NMB = Entier (DRY_NMB/10) £ 10 or Suc == none then begin
DATE_FROM_DAYND (DAY_NMB); Outtext (MNTH_DT6);
end else Setpos (7);
Dutint (DAY_NMB,B); Setpus (13); Outtext (*:*);
if DAY_NMB = Entier (DAY_NMB/10) t 10 then begin
for M:» 1,2,3,4,5 do Quttext (*--c=vee-- *
end else for M:= 1,2,3,4,5 do Outtext (° ');
for M:= 1 step 1 until HﬂlRLS_PROCod? Sz?gn
tpus (13 + QUANT_M (M) s 50. ;
?: gus f ?3 agg M9 :hen Outint (M,1) else if Pos » 13 then Outchar(Char(M+55));

end; Setpus(66); Outtext( DRY_TXT3 (DAY_TP)); Setpos (77); : ] ‘
forlﬂzl q step ; untit 6 do Outfix (COSTS_CUM (M),0,8); Outint (DAY_NMB,6); Outimage;
PLOT:- PLOT.Suc;

end; Outimage; Outimage;

PLOT_Q.Clear;

for M:z 1 step 1 until MATRLS PROC do begin .
Setpos (14); if H cx § then Dutint (H,4) else Outchar { Char (MeS533; Duttext (% = *);
Duttext (MATRL (M].NAME_COMP); Outimage;

end; Ejert(1);

end inspect;

Linu class PLOI-nBﬂIN: |zzzzz*z2322EST353535222222232222 252222335
egin

integer DAY_NMB, DAY_TP; [e-eesommcemcrrenreracace ;

real array COSTS_CUM [1:5); fomccecmrerrermaccaaeo- ;

integer array QUANT_M [1:MATRLS_PROL]; locemammmemmmrmenanaannn;
.nd:

Table 5.26 Initial section of class ADMINISTRATION.

| i n i t 1 a t;
Outimage; . :
OQuttext (*Do you want disk files ta record: ...*); Outimage; ):*);

Outtext (°- use of romponents each period? (yes or nns at end of season only
Outimage; Lastitem;

ERCH P 1 . t (3); . )
ﬂutt;xfﬂf?n Yozcgaidfntf;: if ERCH_PERIOD then Outtext (*yes®) else Outtext (*no’); Outimage;

Outtext (*Du you want display nutput of materials and operations? (yes or nold:');
Outimage; Lastiten;

DISPLAY:s Intext (3) = YES; na'); Outimage;

Outtext (* You said: *); if DISPLAY then Duttext (‘yes') else Duttext (°
REPORT_PERD:- new Printfile (period.lpt /A:append’);

REPDRT_PERD.Upen (Blanks (132));
PLOT_Q:- new Head;

{wait until materials exist;

_M [M):- Copy (Blanks(48));

for M. : TRTE_TEXT
or M:z 1 step 1 until MATRLS_PROC do STRTE_ ):- Fopy (Blanks(48));

for 0:+ 1 step.1 until OPRINS do STATE_TEXT_O (0
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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.

begin lmain program; |sssEe2223323222 2222 RS REEELZTTETRRLS ]

i d e C l a r ] t i 1) n;
| I  of simulation;
integer |-eeencmcosnsecmccacanaee ;

Io C_N;

ref (Infile) l]erecrconnacnsrccecacnn- :

EXP_FILES, ENVR_EXP, M_M_SYS, MATRL_DATA, INIT_FIELDS, PAR;

text array [eTecaccnmenrencnacanaan;
INF_TXT (0:4);

telt |everccsncrvmeevresracaans ;
EXP_IDENTIF, EXP_I_TODRY, EXP_I_DAYT, EXP_CODE, EXP_F_TXT;

l-.-- LR aeee L N e L

procedure KEY®ORD (T7); L. .
lcatled in init_exper, dynamic;

value T; text T;
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 Imege.length 7= T.Length then JT:z Intext (T.Lengthl;

end;
if Endfile then begin

Outi : _ )
Dﬁt:::?!('Error : End nf file found while scanniny fur *); OQuttext (T1);

Outtext (* as first word on a line in an input file.*); Outimage;

end;
! otherwise keywurd fuund;
end;

137



Table 5.29 Dynamic section of main program; simulation of experiments.

Outtext (*=2:23Setup uf simulation; run at *); Outtext (TODAY); Outtext (* *);

Outtext (DRYTIME); Outimage;

Outimage;

Duttext (*Which file rontains the names of files defining the experiments?’); Outimage;
Inimage; EXP_F_TXT:- Intext (20);

INF_TXT [0):- EXP_F_TXT.Sub {1, IMIN(12, EXP_F_TX7.lLength));

EXP_FILES:- new Infile (EXP_F_TXT);

EXP_FILES.Open- (Blanks (132});

{ d v n 3 m i c of simulation of experiments;

inspect EXP_FILES do
while not Endfile du begin [file names expected as first name on line (exactly 10 char.);
PAR:- EXP_FILES;
KEYWORD (°*EXPERIMENT');
Outimage;
Outtext (*ss--)Experiment starts®); Outimage;
Setpns (1); EXP_IDENTIF:s Intext (30);
Outtext (‘Give code nf experiment in (= 14 char., please:*); Outimage;
Sysin.Inimage;
EXP_CODE:= Sysin.Intext (20);
EXP_I_T0DAY:= T0QDAY; EXP_I_DAYT:s DAYTIME;
OQuttext (EXP_IDENTIF); Outimage;
Inimage; Lastitem; JNF_TXT [1]:- Intext (12);

ENVR_EXP:- new Infile (INF_TXT [1)); lenvironment of experiment;
Inimage; Lastitem; INF_TXT (2]:- Intext (12);

M_M_SYS:- new Infile C(INF_TXT [2}); Iman _machine system;

Inimage; Lastitem; INF_TXT (3):- Intext (12);

MATRL _DATA:- new Infile C(INF_TXT (3)); Ilmaterials;

Inimage; Lastitem; INF_TXT [4]):- Intext (12);

INIT_FIELDS:- new Infile (INF_TXT (4)); linitial fields at start uf season;

(i) the keyword ‘EXPERIMENT’ (capital letters!); this line from Table
5.35 1s 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 dn begin
external class SFOEXPERIMENT; lused as prefix for block {evel 4;

integer array
INPT [1:14);
integer I10;

Open (Blanks (132));

PAR:- ENVR_EXP;

KEYWORD (*GENERAL DATA®);
KEYWORD (*PARRMETERS EXP.°');

SCANTO (Imaye, *':'); .
for I10:2 1 step 1 until 14 do INPT (I10):s Inint;

SFOEXPERIMENT [s:l::ss:az:s:t::lnt:s:::::::::::s:a:::::;
(INPT [1], ltypes of man & machines;
INPT (2], Itotal number of men (usually belonginy tov one type);
INPT (3], {total number of machines (of all types );
INPT (4], lnumber of sets for combinations and gangs;
INPT [S], Inumber of gangs;
INPT (6], Inumber of combinations consisting of two or mare gangs;
INPT (7], Inumber of operatinns to process materials; ]
INPT (8], Inumber of nperations to service aor repair a machine;
INPT (9], Inumber of material initially available fields;
INPT {10], Inumber uf materials prncessed;
INPT [11), Inumber of materials; o ) ]
INPT [12), Itypes of shifts defining availability in a period;
INPT {13], Itypes of shifts defining presence in a ueekg .
INPT (14)) Itypes of shift defining moments of calculation of urgency of material;
begin .

id [ c L a r 3 t i 0 n;

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 dyna.mic section
controlling the seasons with weather data involved in an experiment (Sec-

tion 5.2.3.).
The creation of general objects (by: ‘reference‘:- 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. S
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; jacee  ama- cee- Ceea SR

begin

PRR:- PARAMETERS:- ENVR_EXP;
inspect ENVR_EXP dn begin

icalied in this dynamic;
{initialisation of system for an experiment;

KEY®ORD (°*SHIFT PERIOD*);
for I:s 1 step 1 until SHS_PERD do beyin
FIND_DATA_AT (*PRARRMETERS PRD.*);
SH_PERD [I}:- new SHIFT_PERD (Inint); inumber of periods;
activate SH_PERD [I);
end;
KEYWORD (°*SHIFT WEEK®);
for I:z 1 step 1 until SHS5_WKLY do begin
FIND_DATA_AT (*PRRAMETERS WK.*);
SH_WKLY (I]:- new SHIFT_WEEK (Inint,Inint,Inint,Inint];
| Idaytypes, cost categnries, shifts, perinds;
activate SH_WKLY {I]);
end;
SH_WK_MAN:- SH_WKLY [1);
KEYWORD (°*SHIFT URGENCY*);
for I:s 1 step 1 until SHS_URG du begin
FIND_DATA_RT (*PRARAMETERS URG.');
SH_URG [I):- new SHIFT_URG (Inint}; lnumber of calculation points;
activate SH_URG [I);
end;
WIH_MAT:- WIHR:- new WEATHER;
activate WIHR;
DECIDE:- DECIDE_URG:- new URGENCY_DCSN;
activate DECIDE;
RDMN:- RDMNSIR:-
new RADMINISTRATION (*RAdministration®,
SH_PERD [if SHS_PERDN » 0 then 1 else 0}, SH_WKLY (0]);
E{tivatr ABMNSTR; Innt counted in c-n as a component;
nse;

end 33 uf inspect envirunment;

~ 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.

PAR:- PARAMETERS:- M_M_SYS;

inspect M_M_SYS do begin
Open (Blanks (132));
UPDT_MM_SYS:- new UPDT_MAN_MCH;
wctivate UPDT_MM_SYS;
KEYWORD(®SETS OF MAN-MRCHN,SYSTEMS®);
FIND_DATA_AT (*PAR. LIST nf SETS'); Lastitem;
for I:+ 1 step 1 until MM_S_SETS do begin

end

if

end

Image.Strip ¢> notext then begin

MM_S_SET [I):-

new MM_SYSTMS_SET (Intext (24), SH_PERD [Inint), SH_WKLY [Inint));
activate MM_S_SET [I);

Inimags;

else begin

Qutimage;

Outtext ('R blank Line is met as end of List of'); Qutint (I-1,6);
Duttext (°* sets;®); Outint (MM_S_SETS,6);

Outtext (* were requested (now reduredl).’); Outimage;

MM_S_SETS:s I - 1;

end;

KEYWORD (°*LABOUR®);

FIND_DATR_RT (°PAR. LIST of MEN®); Lastitem;
for I:s 1 step 1 until MANN do begin

if Image.Strip () notext then begin

COMPNT {I):- MAN [I):- ] ]
new LRBOUR (Intext(24),SH_PERD [Inint],SH_WKLY (Inint],Inint);

! Ingme ,shift period.type, shift week type, category number of man;
activate MAN (I]; lexecute initial section;
Inimage;
end
else begin
Outimage;

Outtext ('R blank line is met as end of Llist of*); Outint (I-1,6);
Outtext (* men;?); Outint (MANN,6);

Outtext (* were requested (now reducedl).’); Outimage;

MANN:=s T - 1;

end;

end;
C_N:: MANN;

KEYWORD (°EQUIPMENT®);

FIND_DATA_AT (*PAR./DATA LIST uf MACHN'); Lastitem;
for I:s 1 step 1 until MACHNS do beyin

if Image.Strip () nutext then begin

end;

end

COMPNT [C N + I):- MACH [I):- _ _
new EQUIPHENT (Intext(24), SH_PERD {Inint), SH_WKLY (Inintl, Inint);

! lcategory of machine;
activate MACH (I]; lexecute initial section (input, defaults);
Inimage; )

else begin

end;

Outimage; _ _
Outtext ('R blank line is met as end of list of'); Outint (I-1,6);
Outtext (* machines;®); Outint (MACHNS,B); )

Duttext (* were requested (now reduced!).'); Outimage;

MACHNS:s T - 1; -

C_N:= C_N + MACHNS;
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Table 5.32 (continued)

KEYWORD (*GRNGS®);
FIND_DRTA_AT (*PAR./DATA LIST of GANGS®*); Lastitem;
fur I:s 1 step 1 until HANGS do begin

if Image.Strip ¢ notext then begin '
COMPNY (C_N + I):- MM S (I):- GANG (I]:- fset of mm_sys: v;

new MAN_MACH_SET (Intext(24), SH_PERD {Inint], SH_WKLY [Inint], Inint, 1);
| inumber of gangs =13

GANL [1).RORD_GNG [1):s GANG [I].MM_S_SON:» I;
activate BANG [1);
Inimage;
end
else beyin
Outimage;
Outtext (°A blank line is met as end of list of'); Outint (I-1,6);
Outtext (* gangs;®); Outint (GANGS,B);
Outtext (' were requested (now reducedl).'); Outimage;
GANRS:s I - 1;
end;
end;
C_N:= C_N + BANGS;
OQuttext (*Do you want to generate combinations of gangs?');
Quttext (* (yes or no:read from fitel):*);
Outimage; Sysin.Lastitem;
if YES = Sysin.Intext (3) then begin
Outimage;
Outint (COMBS_H6,6); Outtext (* 23 references are reservedl®); Outimage;
Outtext (* If this is insufficient then revise input value nf number’);
Outtext (* nf combinations.®); Dutimage;
COMBS_G_GENERRTION;
for I:= 1 step 1 until COMBS_6G do COMPNT [C_N ¢ I):- COMB_G6 (I);
end
else begin
KEYSORD (°*COMBINRTIONS_G®);
FIND_DATA_AT (°*PRR./DATA LIST of COMB_K*); Lastitem;
for I:s 1 step 1 until [OMBS_G do begin
if Image.Strip ¢) notext then begin
COMPNT (C_N ¢ I):- MM_S (GRANGS + I):- COMB_G (I):-
new OANG_SET (Intext(24), SH_PERDIInint), SH_WKLY[Inint), Inint, Inint);
| Iname ,shift,shift, set of am_sys, number of ganys in comb.;
activate COMB_G (I];
Inimaye;
end
else begin
Cutimaye;
Outtext ('R blunk Line is met as end of List of*); Outint (I-1,6);
Outtext (* combinations;*); Outint (COMBS_6,6);
Buttext (' were requested (now rediced!).’); Outimage;
COMBS_b:= I - 1;
end; .
end;
end;
C_N:= C_N ¢+ COMBS_G; _
MN_MCH_SYSTMS:= GANGS + COMBS_G; lupdated to prevent ref s 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)

KEYNORD (*OPERATIONS MATERIAL');
FIND_DATA_AT (*DPATA LIST of OPR_MAT'); Lastitem;
for I:s 1 step 1 until OPRINS_MT do begin
if Image.Strip ¢) notext then begin
COMPNT [C_N ¢ I):- OPRIN L1):- DPR_MRT {I):-
new OPRIN MRTRL (".....ccnvieeerecnnronnne *, SH_PERD [D0], SH_WKLY [01);
| ldefault values;
activate OPR_MAT (I,
Inimage;
end
else begin
Outimage;
Outtext (*A blank Line is met as end of Llist nf’); Outint (I-1,6);
Outtext (* onperations mat.;'); Outint (OPRINS_MT,6);
Outtext (* were requested {now reduced!).'); Outimage;
OPRINS_MT:=s I - 1;
end;
end;
C_N:z C_N + OPRINS_MT;
if OPRINS_S_R » O then begin
KEYS®ORD (°*OPERRTIONS SERVICE_REPAIR');
FIND_DATA_RAT (°DATA LIST of OPR_S_R'); Lastitem;
end;
fur I:= 1 step 1 until OPRINS_S_R do begin
if Image.Strip () notext then begin
COMPNT [C_N + I):- OPRIN [I + OPRINS_MT):- OPR_S_R (I):-

new SRYC _REPR (*. . .cvivrcecesnsnsnsnnees *, SH_PERD (0], SH_WKLY [0));
! fdefault values;
activate OPR_S_R (I};
Inimage;
end
else begin
Outimage;

Outtext (°A blank Lline is met as end of list of*); Dutint (I-1,6);
Outtext (* nperatinns serv.&repair;®); Outint (OPRINS_S_R,6);
Outtext (* were requested (now reduced!).’); Outimage;
OPRINS_S R:= I - 1;
end;

end;

TCN:= [_N + DPRINS_S_R;

OPRINS:s DPRINS_MT + OPRINS_S_R;

Close;

end 23 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_NATR;
inspect MATRL_DATA du beyin
Open (Blanks (132));
KEYWORD ("INITIAL MATERIALS®);
for I:z 1 step 1 until MATRLS_INIT do begin
FIND_DATR_AT (*PRARAMETERS MAT.*); Lastitem;
COMPNT TC_N + I):- MATRL (I):- MATRL_PRC [I):-
new INITIRL_MAT (
Intext {24}, Iname;
SH_PERD [Inint}, lshift changes availability over periods;
SH_WKLY {Inint], Ishift changes presence in a week, sh_wkly [0) =2 none;

I, lsequence number of material (nut given in input);
SH_URG [Inint], lat shift time urgency calculation is pecformed;
Inint, [number nf processing conditions for operations;
Inint, [number of points given of the timeliness function;
Inint, {number of timeliness functions;
Inint, Inint); inumber of days, conditions of workable time expectatinns;
activate MRIRL (1) {execute initial section (input, defaults);
end;

KEYWORD (*INTERMEDIRTE MATERIRLS®);

for I:= MATRLS_INIT + 1 step 1 until MATRLS_PROC dn begin
FIND_DATA_AT (*PRRAMETERS MAT.*); Lastitem;
COMPNT (C_N ¢ I):- MATRL [I):- MATRL_PRC (I}:-
new INTERMOT_MAT (Intext (24), SH_PERD [Inint}, SH_WKLY [(Inint), I,
SH_URG (Inint), Inint, Inint, Inint, Inint, Inint);
activate MATRL (I);

end;

for-I:s MATRLS_PROC + 1 step 1 until MATRLS dn begin
COMPNT [C_N ¢+ I):- MATRL (I):-
new FINRL MAT (.. ..ciiiiininnnenscnanss *, SH_PERD (0], SH_WKLY (0], I);
activate MATRL [I);

end;

C_N:= [_N + MRIRLS;

flose;

end 33 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 ‘2’ 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 SFOBASE-MODEL.

Procedure FIND_DATA_AT (FRONTTEXT); [ ~e-- ceua —.—mg
value FRONTTEXT;
text FRONTTEXT;
Inspert PARAMETERS do begin lcalled in initial sections tu find appropriate data;
while not Endfile and not FRONTCOMPARE (Image, FRONTTEXT) do Inimage;
if nut Endfile then SCANTO (Image, ':')
else begin
Outimage;
Outtext (*Error: End of file found while scanning for '*);
Duttext (FRONTTEXT); Outtext (*' at begin of line in an input file.*); Outimage;

end;
end;

Table 5.35 Input of the files for an experiment and the files of weather data.

EXPERIMENT with aggregated DAILY data, *Simulation Monngraph®

ENVRMT. XPL 7 perds starting at 5 Rug., 4 shifts at 7.00, 17.00, 22.00 and 24.00h

MMSSSF . xPL SSF = setup, servire, failure

MATOWT.XPL W¥T = m.c.grain ¢s 23%

WHTFLD.XPL 4 wheat fields ripe at S Aug. 24.00h; processable at S5 Aup. 24,00h
WEATHER DARTA FJILES (each in first 12 pnsitinns af a Lline)

6DLRB2 . XPL {char. 5 and 6 refer to year 1862)

EXP. This file contains all the 'information needed to declare arrays of ref-

Crences (Table 5.36) and to create and initialize the general objects. The
fourteen actual parameters of SFOBASE-MODEL concern eleven data el-

€ments needed for:

~ the categories of men and machines distinguished LE-SQNS; each cat-
€gory 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
Ehlé 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 [.];

the IIUIL[])CI' of combinations, COMBS-G, each combination (set of t}vo 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 OIfRTN [..];
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-
hents 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) 1s 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. L
The initialization of an object of class SHIFT-WEEK is shown in Table

3.38 and the input in Table 5.39. The data start with the actual parameters

Table 5.37 Initial section of class SHIFT-PERD.

a l;

| . . .
1 n 1 t b
PLUS'- c° 0,0
: py ("+°);
COMP_g:. new Head;
inspect PARAMETERS do begin
FIND_QQ]Q_HY (*DATA PRD.*); .
for PERD:s 1 step 1 until PERDS do began
Lastitum; (1) = PLUS
AVLB_PERD [PERD):= Intext : H . _ . . 13
PERD_END [PERD]:s DATE_TO_DAYNO (Inint, Inint); Itast date period is valid;
end; = -7 " Imonth, calender date;
tnd; {dayno is retative to jan. 1;
:g:g_eun IPERDS + 1}:» LAST_DAY_YEAR;
ta .
P"‘iv:?i; Iwait until decide and rompanents exist;
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Table 5.38 Initial section of class SHIFT-WEEK.
| i n i ¢ i a L

inspet t PRRAMETERS du begin
FIND_DATA_AT (*DATA WK.CTL.°); '
for DAY_TYPE:s 1 step 1 until 7 do DAY _CATAGORY (BAY_TYPEl:s Inint;
FIND_DRTR_AT (°*DATA WK .COSTS');
for I1:2.9 step 1 until COST_CTGRS do COST_H_CTGR {I1):z Inreal; i (0! = 0.0;
for PERIDD:s 1 step 1 until PERIDDS do bepin
FIND_DATA_RT (°DATR WK.SHIF1S5*);
PERIOD_END [PERIOD)}:= DATE_TO_DRYND (Inint, Inint);
for SHIFT:= 1 step 1 until SHIFIS du begin
SHIFT_END [(SHIFT, PERIOD):e Inreal;
end;
FIND_DATR_AT (°DATR WK.4°);
for DAY_TYPE:2 1 step 1 until DAY_CTGRS do
for SHIFT:z 1 step 1 until SHIFTS du COSTS_SH_CT6G (DAY_TYPE,SHIFT, PERIOD):= Inint;
end;
if this SHIFT_WEEK == SH_WKLY U1} then begin
FIND_DATR_AT (°*DATA WK.5°);
DRAY_BAN:: Inreal;
DAY_END:= Inreal;
end;
end of inspect parameters;

PERIOCD_END (PERIODS ¢ 11:s LAST_DAY_YERR;
CMP_Q:- new Head;

SHIFT:= SHIFTS; PERJOD:s 1;

COSTS_NOW:= TOST_H_CTOR [0);

Passivate; Iwait until day_tp_1jan is initialized 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; ‘1’ 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-
Ccution 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 initja-
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 r?ference
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
lines 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
of 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 i a
ﬁgr_0=- new Hea&:
Inspect PARAMETERS do begin

FIND_DQTQ-HT (*DATR URGK.');
for POINT_NO:= 1 step 1 until POINTS do URG_CALC_HR [POINT_NO):s Inreal;

POINT g, 0;

P"‘ivﬁt": Iwait until meterials are known in operatiuns, needed in urg_gangs;
lactivated 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
long 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 RESET_; leoee - -
gin - {called in reset, init.;

RPR_ND:: true; lto force first calculatinn of flefr_dur;
SRVE_RPR_DUNg latso sets state_next to passive;

SERV_0BS:: REPR_DBS:s 0;
SERT_VAR:s SERT_MEAN:s REPT_VAR:: REPT_MEAN:s 0.0;

end REPRIRTIME:= SERVICETIME:s 0.0;
hd;

| i n 1 t 1

Prucedure INIT_INPUT_;
1nspect PARAMETFRS do begin
COSTS_H_FXD:+ Inreal;
STORECAP_E:= Inreal;
FLRFR LB:s Inreal; FLRFR_UB:s Inreal;
SRVCFR_RUNT:= Inreal f 24.0;
RPR_LB:s Inreal; RPR_UB:: Inreal;
gR:C_DUR_LB:- Inreal; SRVC_DUR_UB:= Inreal;
R_OPR_NO:s Inint H
if FLRFR_LB ¢ 1.0&54 or FLRFR_UB ¢ 1.08-4 then FLRFR_LB:s FLRFR_UB:« 1.0810;
if SRVCFR_RUNT ¢ 1.08-4 then SRVCFR_RUNT:= 1.0810;
3_;1._99:- Ur= Mod (3125 ¢ U, 838253313
TR i
l;efvgzthg;:n"zgngg:ff :a?gogza?nsn.r. p.196, random seeds for random nuaber generators;
SRVC_TRMNTD:s 0.0;
®d of inspect parameters;

INIT_Inpyr

Ass1
REsE;vateg

Iwait until decide is created;
-t

i"ntr: linitialisation of subclasses, if any;
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(zero refers to a not cxisting 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 me¢an 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 n i t i a t;
procedure INIT_INPUT_; ) L -
"inspec:t PARAMETERS do begin

integer

LE_S, LE_I;

(RPACITY:s Inreal;
SETUP1:s Inreal; SETUPZ N:= Inreal;

LE_S:s Inint;
for LE_I:= 1 step 1 until LE_S don begin

LE_SOGN:= Inint;

RGRD_NMB_LE [LE_SON):= Inint; Irequired number of elements;
end;

end 83 of inspert paraseters;

new RECORD_MM_S (this MAN_MACH_SET).Into (MM_S_SET (SET_NOJ).MM_S_SET_Q);
INIT_INPUT_;

SETUP_GNG:sSETUP1;

STORE_COSTS;

ASSMBL_Q:- 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[1] 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 1s 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
GANGI8] 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 n it i _ e t;
procedure INIT_INPUT_; lecer mce- ---- e
inspect PRRAMETERS do lcalculatxon uf required number and costs per hour;
for I1:2 { step 1 until BNGS do begin

integer RNG;

GNG:= RORD_BNG {I1):s Inint;

for LE_SGN:=1 step 1 until LE_SONS do RGRD_NMB_LE [LE_SON):s
RGRD_NMB_LE [LE_SON) + GANG {GNG).RGRD_NMB_LE (LE_SON);
COSTS_H:s COSTS_H + GANG [GNG).FOSTS_H;

COSTS_H_FXD:s COSTS_H_FXD + GANGIGNGA).COSTS_H_FXD;

end nf inspect parameters;

new RECORD_MM_S (this GANG_SET).Into (MM_S_SET [SET_NO).MM_S_SET_Q);
INIT_INPUT_;

Table 5.50 Initial section of class MAN-MACH-SYS.

| i n 1 t a t;

inner; linitial of subclasses first;
STATE_NEXT:s STATE:= DOWN;

for LE _SGN:= 1 step 1 until LE_SGNS do AVL_TEST (LE _SAN);
RVLBLTY TEST; Isets also state_next;
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Table 5.51 [Initial section of class OPRTN-MATRL.

| 1 n i t i a L;
prucedure INIT_INPUT_; leeee  cw--- ---- -—-- “ees;
inspect PARAMETERS do begin : lgang exists already!ll;

BGANG_6G:-GANG [Inint); GANG_G.OPRIN__G:- GANG_G.OPR_MT__h:- this OPRTIN_MRIRL;
MATRLS_PRCSD:2 Inint;
for I2:x 1 step 1 until MATRLS_PRCSD du begin
M_PRC (12):: Inint;
PRCSNG_CNDIN [1,12):2 Inint; PRCSNG_CNDIN [2,12):2 Inint;
PRCSNA_CNDIN [3,12):2 Inint;
end;
MATRLS_PRDCD:= Inint; MATRLS_PRDCBL:= Inint;
for 12:s 1 step 1 until MATRLS_PRODCBL du M_PRD (12):s Inint;
{ 1:matrls_prdcd have to refer to materials delivered;
|  matels_prdedet:matrls_prdcbl refer to materials replaring one of the previous mat.;
end of inspect parameters;

INIT_INPUT_;
NAME_COMP:= GANG_G .NAME_COMP;
CAP_FRAC:= 1.0;
Passivate; Ilwait until materials are rreated;
for 12:2 1 step 1 until MATRLS_PRCSD du begin
MAT_PROC (12):-MATRL_PRC (M_PRC (121);
new RECORD_OPR (this OPRTN_MRTRL).Into (MAT_PROC (I2).0PRTN_PROC_Q);
end;
for I2:x 1 step 1 until MATRLS_PRDCBL du begin Imat_prod(] may change due to mat_procl];
MAT_PROD (I2):- MATRL (M_PRD [J21); ! matel (0) zz none;
new RECORD_OPR (this OPRTN_MATRL). Into (MRT_PROD (12). OPRIN_DLVR_Q);

end;

inner; linitialisation 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][1]) 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 ‘none’.
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 n 1 t 2 a l;
procedure INIT_INPUT_; feeee  a-a. cone ceea ceeey
inspect PRRAMETERS du begin : lyang and mach exist alreadyl!l;

GANG_G:- HANG [Inint);
HANG_R . OPRIN__G:- GANG_G.OPR_SR__bG:- this SRVC_REPR;

end of inspect parameters;

INIT_INPUT_;
NAME (OMP:= GANG_G.NRME _COMP;
MCHN _S_R_Q:- new Head;

inner; linitialisation 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 n i ¢ i ’ 1

FLD_Q:- new Head;
OPRIN_PROC_Q:- new Head;
"OPRTN_DLVR_0:- new Head;
STRTE_NEXT:s STATE:= DOWN;
M_P0S:= MAT_NO t 13;

inner; linitialisation of subrlasses, if any;
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-Table 5.57 Initial section of class PROCESSED-MAT.
| i n 1 t i a l;

procedure INIT_INPUT_; N —e-- “ee- e
inspect PARAMETERS du begin
FIND_DRTA_AT (°DATA MAT.1%);
CAP_PROC:= Inreal;
PRICE_HA:+ Inreal;
TRIL:- Copy(*tail®);
Lastitem; iscans to next character;
FLD_AT_TAIL :sIntext (4) = TRIL; - Itail = *tail®, nu capital letters in inputll;
QUANT _MX:s Inreal; ONT_MX_FACT:= Inreal; 10.0¢...¢s1,0;
FIND_DATA_ART (°*DATA MAT.PRC.*);
for I_M2:s 1 step 1 until PROLC_CNDINS du begin
MAT_DLV_CNDIN (I_M21:s Inint;
PRC_CNDTIN_LB {I_M2):= Inreal;
PRC_CNDTN_UB {I_M2):= Inreal;
end;
FIND_DATA_AT (*DATA MAT.3°);
lLastitem;
DISURG_USED:s Intext (3) s YES;
LOSS_MULT:s Inreal;
GNT_ALT_FLD :s Inreal;
FIND_DATA_AT (*DATR MAT,.TML.®);
fur DATE_NO:= 1 step 1 until TML_DRTES do TML_DATE [(DATE_NO):s Inint;
for TML_CNDTN:s 1 step 1 until TML_FNCINS do
for DATE_NO:s 1 step 1 until TML_DATES du TIMELINESS (TML_CNDTN,DATE_NQl:= Inreal;
FIND_DRTA_AT (*DARTA MAT.S5°);
T_WRKBL:s Inreal; 10.0 for mat. processed;
WT_MULT:= Inreal;
J1:s  SH_PRD.PERDS;
for PERD_MAT:= 1 step 1 until J1 dno T_FRAC_PROC [PERD_MAT] :zlnreal; 1>0.011;
T_FRRC_PROC [J1 + 1):s T_FRAC_PROC (J1);
if CNDINS_W_T » 0 then begin
FIND_DATA_AT (*DATA MAT.WRKBL.');
for CNDTN_W_T:s 1 step 1 until [NBTNS_W_T do
for DATE_NO:= 1 step 1 until DAYS_WT_DATA do T_WRKBL_EXP [CNDTN_W_T,DRTE_NO):s Inreal;
end; Imay be 0.0;
end of inspert parameters;

INIT_INPUT_;

for J1:= 1 step 1 until PROC_CNDINS do M_PRC_CNOTN [J1):= true; lredefined in atte_updt_m_;
MAT_DLVR:s MAT_DLV_CNDTN (IMIN (1, PROC_CNDINS) J;

TML_CNDTN:= IMINCY, THL_FNCINS); ldefaults, redefined in attr_updt_m_;
CNDTN_W_T:= IMIN (1, CNDINS_W_T);

PERD_MAT:= 1;

if SH_URGN =/: none then new RECORD_MAT (this MATERIAL).Into (SH_URGN.MRT_Q);

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.
{ 1 n i t i 2 l;

CLVR_ARLL®D:s true;
FLD_AT_TAIL:= true;
FLO_EXPCT_M_; Ito create fld_d;

Table 5.59 Final part of the initialisation of an cxperiment.

inspect ADMNSTIR.REPORT_PERD du begin
Outtext (EXPER_IDF); Outimage;
Duttext (*Machine Rendom number driver U_FL_RP U_SRVC «nd driver U°);
Outtext (* of drivers at time:*); Outfix (Time,6,12); Qutimage;
for I:s 1 step 1 until MACHNS do inspect MACH (I] du begin
Outtext (NBME_COMP); Outint (U_FL_RP,12); Dutint (U_SRV(,12); Outint (U,12);

Outimage;
end;
end;
fur I:s 1 step 1 until MACHNS do activate MACH [I); Inow deride exists;
for I:= 1 step 1 until OPRINS_MT do activate OPR_MRT [I]; Innw materials exist and;

| lbernme knuwn in operations, also operatiuns 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:s 0,1,2,3,4 do INFILE_TXT10 [I10]:- INF_TXT [I10);
EXPER_IDF:- EXP_IDENTIF;

END_FXPRMNT:s false;

LAST_DAY_YERR:= 500;

YR N:=s 1;

OQutimage;

. Outtext ("Current value of driver U of random number drivers is:®);
Outint (U,12); Outtext (* at time:*); Dutfix (Time,6,12); Dutimage;

INIT_EXPER; lfurther initialisation of experiment;
Hold (0.0); lcomplete initialisation ;

Dutimage;

Outtext (*zz--3Setup of experiment cumpleted, simulation starts®);

Outimage;

for I:s 1 step 1 until SHS_PERD do activate SH_PERD (I] at Time;

| Inow 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.

3.2.3 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.

PAR:-EXP_FILES;

inspect EXP_FILES do begin
KEYRORD (°*WERTHER DRTA FILES®);
Inimage;

I d Y n a m i s € af seasons in an experiment;

while not END_EXPRMNT do begin
if not Lastitem then begin
END_SERSON:= false;
PAR:- PARAMETERS:- EXP_FILES;
WTHR NE®_FILE;
PAR:- PRRAMETERS:- INIT_FIELDS;
INIT_FIELDS.Open (Blanks (132));
KEYWORD (°*FIELD PROPERTIES®);
RELOAD; lzeroing variables and reads initial fields;
INIT_FIELDS.Close;
Outimage;
Quttext (*z=x--,.2Experiment continues for year');
Outint (WTHR.YEAR,B); Outimage;
Hold (LAST_DAY_YERR); luntil end aof year;
YR_N:s YR_N ¢+ 1;
OQutimage;
Outtext (*Current value of driver U of random number drivers i1s:°);
Outint (U,12); Outtext (* at time:*); Outfix (Time,6,12); Outimage;
inspect ADMNSTR.REPORT_PERD du begin )
Outtext (EXPER_IDF); Outimage;
Outtext (*Machine Random number driver U_FL_RP U_SRV( and driver U*);
Cuttext (* of drivers at time:®); Outfix (Time,b6,12); Outimage;
for J:5 1 step 1 until MACHNS du inspect MACH (T} do begin
Outtext (NAME_COMP); Outint (U_FL_RP,12); Outint (U_SRVC,12); Dutint (U,12);
Outimage; '
end;
end;
TIME_1JAN:s Time; Itime at 0.0 o’'clock;
end;
Inimage;
if Endfile or Image.Strip.tength = 0 then END_EXPRMNT:= true;
end t3 of year or season;
activate RDMNSTR; lclose files in terminal section;
end of 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; R -=-- coes caeay
begin Iralled in dynamic uf seasons;

for I:= 1 step 1 until (_N do COMPNT (I].RESET;
end;

Table 5.63 Procedure RESET- of class MAN-MACH-SET.

procedure RESET_; pmose  oees === ---- ===
SETUPTIME:s 0.0; lralled in reset;

Table 5.64 Procedure RESET- of class OPRTN-MATRL.

dure RESET lee--
.§;;E: " - icatled in reset;

ONT_NOT_PRO( : s QUANT_PRC_DPR:= 0.0;
. CRAP_FRAC:« 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. Otherwjse 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 3% of agropexperiment;
end nf inspect environment of experiment;
Outimage;
Outtext (*ss--)Experiment completed®); Outimage;
end 3% of simulation run with some experiments;

| t e r " i n a l;

EXP_FILES.Cluse;
Outimage;
Quttext {*z2=)Simulation completed at*); Duttext (TODAY); Outtext (* *); Duttext (DAYTIME);

Outimage;
lIlllll'II“IIISSSISIIl‘llzzl!l‘l‘l'lll'llltlISIISSISIS'SIIS388888:3Itlllllit'l'llllll!llll’:

end 3% of 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 (+);

(+) 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, i1.e. the moment the material becomes available (according to its
SHIFI‘ -PERD).

The man-machine system file cons:sts 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 1s 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 ‘SETS OF MAN-MACHN.SYSTEMS’ is in Ta-
ble 5.42 followed by some comment lines, the intermediate keyword ‘PAR.
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 ‘PAR./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
‘PAR./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: }
~ atype of gang; i.e. areference 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.Y’, 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.S’, 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:

— aname of 24 characters;

— atype 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;
— anumber 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’);

— amaximum;

— a fraction of the maximum quantity that must be achieved before delivery
may be continued.

For each condition, the processing conditions concern:

- atype 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:

- along-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

177



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);

— aname; at most 30 characters.

The weather data file (Table 5.5) contains:

— adate (month and day);

— aclocktime 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);

(it) 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
else PASSIVE;

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.

Variables Situation
STATE RR PP DD
AVLB_COMP was t t t ¢t f f
AVLB_COMP becomes t f t f t f
Result
STRTE_NEXT results as ' ﬁ.ﬁ.---;.ﬁ---.é.ﬁ

.......................................................

(R =RUN, P = PRSSIVE, D = DOWN, t = true, 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 Conditinns
ISTATE sSTATE=PASSIVE
SSTATE _NEXT $STATE ¢)PASSIVE
. SRUN_PHRSE . SRUN_PHASE s INACTIVE
3HANG_6.STRTE . SRUN_PHASE ¢» INRCTIVE

toperation scheduled sPROCESSING
. $MAT_PROC[i).PROCESSING 3nnt PROCESSING

Execution functiuns

GANG_6.START_NORK_R vu wu. A T
MAT_PROCCi).ATTR_FLO_M_ : 1
MAT_PROCCi].ATTR_INTA F_ . . : .2
activete this OPRIN MATRL . U : 33
at Time . : .
Control functiuns .. L.
Entry : 0 . .
STATE=PASSIVE? 1. 1100 .
RUN_PHASE = INRC TIVE? S P 1.YN.
MAT_PROC(i).PROCESSING? . 1 ¢ .2 00
Exit ' {1 124
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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.

A B
C I II
D IV | 111

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 ‘1’ 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 1s 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 for deriving the applicability of man-machine systems.

.............................................................................................

RPPLLB_MM_SYSTHS Attributes Conditions
Derive the spplicability of a $ RAPPLY_M _DLVR true if t delivering is an objection
nan-machine system with some delivering of material 3 other ubjectivns
gangs. is an nbjection .  no objections
z APPLCBL true if no nbjections

. ¢ RAPPLICABLE . 4
. 4

. 3 material needed

is not produced

Prucess functiuns

Save materiols produced 1in
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 .

RPPLICABLE: = false . F 1 <

APPLICABLE: = true ' 1 1

Cuntrol functions :

Entry . 0
RPPLY_M_DLVR? I. 1 TF
RPPLCBL? I ¢ 1. TF .,
Muterial needed is produced? . : JYN

Exit ‘ 22 22

.............................................................................................



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 Eventindynamic section of WEATHER.
Attributes”

Originated by change of attributes and

processing conditinons of materials., The t PROC_PROPRTY (material
materials produced (wet grain to . 5 M_PRC_CNOTN (i (
dry grain, due to moisture content) or . $ WORKBL (
the state of the material processed are updated. . t STATE ( }
. t MAT_PASS (decision
. % MQT_DOWN (
. 3 PRC_CND ( )
. . $ STATE  (operation
. processing)
ATTR_UPDT_M_ (of material) vy .
CH_WORKBL . U.
STRTE_CH_MAT . u
(if state changed from DOWN tu PASSIVE I
then:) . .
DECIDE.MRT_PRSS:s true . . |
Activate DECIDE at Time . .
(if state changed from RUN to DOWN then:) . I .
DECIDE.MAT_DOWN:s true . . T.
Activate DECIDE at Time . .
(if state was or becnmes DOUN then:) . I .
STATE_CH_OP_  (uperations processing) . . . U

(if saterials produced change then:)

PROCESS_MAT

MAT_PROD_CHNG (of operatinns processing mat.) .
DLVRY_STOP (material produced until now) .

SUPPLY_EXPCT ( ' *  afterwards) . .
STRATE_CH_OP_ (operatinons processing mat,) . . . U
DECIBE.PRC_CND:= true . . T
Rctivate DECIDE at Time ; . .

Reartivate this WERTHER at ...

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 Eventin dynamic section of MATERIAL,; field is processed.

Attributes
ESREEREZEER
Originated by terminating the consumption of a
field or even of all the fields processable, 3 QUANT_AVLBL (matecial
. % AVLBL (
3 STATE (consumed)
. 3 MAT_DOWN (decision)
. . 3 STATE (operation)
. 2 EVIM_FLD (material consumed)
. . 2 EVIM_MRAX(material delivered)
. . . % MAT_PRO_RGRD (operation
. . . delivering)
(If EVIM_FLD = Time and PROCESSING then:) . . .
PROCESS_MAT . . .
UPBAT_ONT  (operatiun consuming material) R . .
RActivate this OPRTN_MATRL at Time prine . . .
ONT_TRANSFER . . .
DELIVERY M_ (material produred . . .
CONSUMPTN_M_ (material prucessed) vu . .
STATE_CH_MAT . U. .
(if STATE = DOWN then:) . I.
DECIDE.MAT_DOWN:= true . 1 ]
Activate DECIDE at Time . . .
STATE_CH_OP_ . .0 .
Passivate (of OPRTIN_ MATRL) .
(if STRIE ¢»DOWN and . .
(not SUPPLY_NDD or DELIVERING) then:) . I.
CONTINUE (uperatiun consuminy material) .
Activate this OPRTN_MATRL at Time . . .
60_ON_ . . .
60_UNTIL_MP (material processed) . . U.
ACCEPT_UNTIL (material pruduced) . . )
Passivate (uf OPRTN_MATRL) . . .
(if STATE ¢>DOMN and SUPPLY_NDD and .
not DELIVERING then:) . . .
MAT_PRD_RGRD:s true (operation delivering mat.). . . T

Reactivate this MATERIRL 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’

Originated by achieving or exreeding the maximum
quantity of material or terminatiun of surh a GUANT_AVLBL (material
situation. . 3 DLVR_ALLWD (delivered)
2 MAT_MAX_ONT  (decision
3 MAT_DLV_DK (

»”

(i)
(If EVIM_MAX = Time and DELIVERING then:)
DELIVER_MAT ‘ .
UPBAT_GNT (operation delivering material) }
Activate this OPRTN_MATRL 4t Time prior .
ONT_TRANSFER .
DELIVERY_M_ (material pruduced) U
MAX_QUANT_M_ . F
CONSUMPTN_M_ (material processed) . .
Passivate (of DPRTN_MATRL) . .
(if DLVR_ALLWD = false then:) .1 .
DECIDE .MAT_MAX_GNT: = true . 1.
Activate DECIDE at Tiwe . .

Reartivate this MATERIAL at ... else Passivate

(i1)
(If EVIM_DLVR_OK = Time then:)

TERMNT_NO_DLVR . .
MAX_GURNT_M_ N S
(if DLVR_ALL®D then:) . .

DECIDE.MAT_DLV_DK: = true . T
Retivate DECIDE at Time . .
Reactivate this MATERIARL at .... else Passivate . .

Table 6.7 Event in dynamic section of SHIFT-URG.

Attributes
SESXREEZEEZ
Oriyinated by a request to update the urgency of
materials, 1 URGENCY_PROC (material
. % DISURGNC _DEL ( )

3 URGNC_CALC {(decision)
$ TML_LOSS_EXP (material)
. 3 URBENCY (gang)

URG_MAT_PRC _
DELIVER_MAT
PROCESS_MAT . .
TML _LOSS_EXP_ . u
URG_MAT_EXT_ vy .
DECIDE .URG_GANGS _ : . . U
(if @ gang passive and urgency positive then:) . .
URGNC_CRLC: = true . 1.
Retivate DECIDE at Time . .

Reactivate this SHIFT_URG at ... ) .

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 Eventin dynamic section of SHIFT-WEEK or SHIFT-PERD.

Rttributes
ETERERRZ2EES
Originated by a change in availability or costs
within a week or availability in a period within 3 AVLB_COMP (component
a year for men and machines. . % SIATE ( )

2 LE_NMB(i] number available
of men, machines of category 1
2 AVL_LE (man-machine
. £ 00STS_H (
% STATE ( system)
3 SHIFT_CH (decisiun)

(If costs or availability changes then:)

SHIFT_CHNGE _ (of component) U . ]
STATE _CH_LE_ (fur men, machines) b, .
(re)activate UPDT_MM_SYS at Time (prior) . . .
AVLBLTY_TEST (man- . U .
STATE _CH_MMS (machine . .U
COST_CHANGE (system) . A | B

DECIDE.SHIFT_CH:= true A
Rctivate DECIDE ot Time . . .
Reactivate this SHIFT_BEEK ISHIFT_PERN at ...

Table 6.9 Event in dynamic section of EQUIPMENT due to a failure.

Attributes
TETEEESxEE
Originated by a breakdown or failure uf the
machine during wourk 3 RPR_ND
. & RPR_DUR
3 SRVC_ND
% SRVl _DUR
. 3 STATE

 LE_NMB(i) number of available
machines of category i
% MACHN_FLR (decisinn)

(If FLR_AT_RUNT = TIME_USED [RUN] and
STRTE = RUN then:)

RPR_ND: = true Tu . .
SERVICE_NEED . Uu .
STRTE_CH_LE_ . .uUu.,

RActivate UPDT_MM_SYS at Time . . .
DECIDE .MRCHN_FLR: = true . . T

Rectivate DELIDE at Time
Passivate (of EQUIPMENT) : :

planned simultaneously. The state of the machirie 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.

Rttributes

llllll'.ll(
Originated by shifts of men, a machine failure :
nr service need and by repair or servire of a 3 STRTE  (man_machine system)
machine is rompleted. . 3 STRATE (operatinn)

STATE_COSIS
RVLBLTY_TEST (man

STATE_CH_MMS (machine systems) U
STRTE_(H_OP_ (operation related) . U

(if state was RUN or DOEN and . 1
changed then:) .
Rctivate DECIDE at Time

COST_CHANGE
Pussivate (of UPDT_MAN_MCH)

6.1.4 Events related to operations

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 ‘N’
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 GQO-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-WALIT). 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.

Variables Conditions
$STATE SRUN_PHRSE = INRCTIVE
SRUN_PHASE : 3 SETUP_WRIT.
. SDUANT . 3 sMAT_WAIT
tscheduled . +BUSY
1 s «60_ON_BAIT

. $M.DLVRY_SETUPIM.PRCSS_SETUP

. M PROCESSING IM.DELIVERING
tM.CAP_OPRS_DLV/_PRC
. $M.BURNT_RRRVD7_RVLBL/_PROCSD

. . .  ¥M,PRC_DPRS/M.DLR_OPRS
Execution functions . . . : . .
60_RHEAD .2 .1 . u 3 . R
RUN_PHASE : sSETUP_WAIT U . . : . .2 .
Hold . T : . 3 .
RUN_PHASE : =MAT_WAIT u . : 1 .
WAIT_MAT_PRC . U . : . 1
60_ON_ . . TU : . 1.
RUN_PHRASE : s BUSY v . : 2.
Passivate . F. . : .
ONT_TRANSFER U . U : 1. .
RUN_PHASE : =G0_ON_WQRIT U . : 2.
Passivate . F. . H N
TERMNT . .FFU U 1
RUN_PHRSE : = INRCTIVE u . . : . . 21
Passivate . F. : . .1
Control functions E .
Entry . v 0 . . .
RUN_PHARSE? I . ¢ 100000 . .
STATEsRUN? I. : . . YN, . 1
STRTEsRUN? I. : 2 1YN . . .
STATEsRUN?(while) I . : 1 1 1YN 1. .
STRTEsRUN? I. ‘ 3 . YN, .
STRTE¢C)RUN? I. : . 1 YN .
STRTEORUN?(while) I . : 1. . 32YN
Exit . E . 4 2 4.2 . 2.
{(Coluan reference: abcdefghijklmnopgr)
Dynamic is See Situation . . . .
activated by Table STATE RUN_PHRSE  Sequence of coluans
STRRT_OPRIN_ 4.86 RUN INRCTIVE 12. .4 . . 3
Hold 4.93 RUN SETUP_WRIT 1 2 . 3 . . .
WAIT_MAT_PRC 4.87 RUN MAT_WALT 1 2 . . 3.
WAIT_MAT_PRC  4.87 RUN GO_ON_BAIT 9 2 3. . .
UPDAT_ONT 4.80 RUN BUSY 1 . 2. . .3 . .
CONTINUE 4.90 RUN GO_ON_WAIT 1 . 2. . 3. . .
STOP_OPRIN_ 4,92 not RUN INRCTIVE 12. . . . . 3.
STOP_OPRIN 4.92 not RUN SETUP_®AIT 1 2 . 3 4 S 6. .
STOP_OPRTN_ 4.92 not RUN MAT_WAIT 1 2 . 3 4 S,
STOP_DPRIN_ 4.92 not RUN BUSY 1 2. 4 35S 6.
STOP_OPRIN_ 4.92 not RUN G6O_ON_BARIT 1 2 3 4 S .

which acuvate 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

189



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, ¢ 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:

if RUN-PHASE= ... then
INACTIVE, Passivate;
SETUP-WAIT, RUN-PHASE:=MAT-WAIT, TERMNT,
RUN-PHASE:=INACTIVE, Passivate;
MAT-WAIT, TERMNT, RUN-PHASE:=INACTIVE, Passivate;
BUSY, ONT-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 1is 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).

Attributes
SEZIEREEEESS
Originated by (a) START_OPRIN_, (b) end of setup
or (c) end of waiting fur materials % RUN_PHRSE (operstion
. 3 OPRIN.STRTE ( )
R = RUN . gt STATE (material
3 PROCESSING (
. . & EVIM_FLD (consumed)
. . % DLVRY_SETUP  (material
. 3 AVLBL (
. . 3 BELIVERING (
. . 3 EVIM_MAX (delivered)
. t EVIM_MRX (material
. . . % EVIM_DLVR_DX
. . . . (consumed)
. . . . 3 STATE (material
. . . (delivered)
. . 3 DOPRTN.STATE
. .(operation processing
. . . (the materiat
. . . . (delivered)
(4) . . . .
6G0_RHRED . . . .
PRCSNB_EXPTT (for materials prncessed) . R. . . .
SUPPLY_EXPCT (for materials produced) . . 17 . v
RUN_PHASE := SETUP_WAIT u . . . .
Huld (setup duration) . . . .
(b) . . . . .
RUN_PHARSE:= MAT_NAIT u . . . .
WaIT_MAT_PRC . . . . . .
Cancel (this OPRTN_MATRL) . . .
(wait until un next catl, all materials . .
prncessed are availabte then:) . . . . .
Reartivate this OPRIN_MATRL at Tiwme . . . . .
(c) . .
RUN_PHASE := PREPARED U . . . .
60_ON_ . . . . .
START_PRCSNG (material . T . . .
ACCEPT_UNTIL (processed) . . . U .
DLVRY_STARTD (material produced) . . T
(if STATE = RUN and not PROCESSING then:) . . .
SAIT_MAT_PRC (processing delivered material). . .
(if MAT_PRD_RQRD then:) . . . . .
BLVRY_CONTND (material produced) . . . . .
(if STATE = RUN and SUPPLY_NDD then:) . . .
WAIT_MAT_PRC (processiny delivered . .
material; again) . . . .
G0_UNTIL_MP (material pracessed) . |
(if not DLVR_ALLYD then:) . . . .
NO_DLVRNG_UNTIL . . . .U
RCCEPT_UNTIL (material produced) . . . U. .
RUN_PHASE:= BUSY U . . . .
Passivate (of OPRIN_MATRL) . . . .

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-WALIT 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-WALIT 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 1.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 prncessed or produced
by this operation due tn ronsuming the field & RUN_PHRSE (nperation

completely, pranduciny the maximum quantity or . & STATE (uf
a reyuest to update the quantities processed . & QUANT  (material)
or prnduced. .  § GURNT_QRRVD (.ﬁterial

. % QUANT_RWLBL (
t DLVR_ALL¥D (delivered)

. . $ EVIM_MRX (material
. . & QUANT_AVLBL (
8 QUANT_PROCSD (
% STRTE (
. . % EVIM_FLD (
. . . 3 EVIM_DLYR 0K (consumed)
GNT_TRANSFER . U, .
DELIVERY_M (material! pruduced) . vy .
MAX_QUANT_M_ . . U .
CONSUMPIN_M (material processed) v . .U
RUN_PHRSE :s 60_ON_WRIT U
Passivate (uof OPRIN_MRTRL) .
(Continuation of processing fullows if
« the state of this nperation is run D S . .
- material processed is available and ready. . . 1
- materials produced can be delivered) . . I,
GO_ON_ . . . .
GO_UNTIL _MP (material processed) . . . D
(if not DLVR_ALLWD then:) .
NO_DBLVRNG_UNTIL . u
RCCEPT_UNTIL (material produced) . U
RUN_PHASE :s BUSY U . <
Passivate (of CPRTN_MATRL) . . . .

Table 6.14 Event in dynamic section of OPRTN-MATRL,; stopping.

Attributes

EEEEEEXERER
Originated by a decision tn call STOP_OPRIN_.
This may interrupt the process (a) during setup 3 RUN_PHASE (operatinn

or waiting for material or (b) when busy with . % STATE ( )
processing. . $ SIATE (materiatl
. 3 PROLESSING (consumed)
P =« PASSIVE . - & DELIVERING (material
. * DLVRY_SETUP (
z STATE (delivered)

(a) .
(If RUN_PHASE = SETUP-SAIT or = MAT_WAIT) I . .

or = GO_ON_EBAIT then:) . . .
TERMNT . . .

STOP_PRCSNG (material processed) . PF .

BLVRY_STOP (material produced) . .FFU
RUN_PHASE :» INRCTIVE u .
Passivate (of OPRTN_MATRL) . .
(b) . . .
(If RUN_PHASE = BUSY then:) I . .
GNT_TRANSFER . . .

DELIVERY_M (material produced) . . .

CONSUMPTN_M (material processed) .
RUN_PHRSE := GO_ON_WAIT u
TERMNT _ | . .

STOP_PRCSNG (material processed) . PF .

DLVRY_ST10P (materisel produced) . .FFU
RUN_PHRSE:= TNACTIVE U . .
Passivate (of OPRTN_MATRL) .
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Table 6.15 Eventin dynamic section of SRVC-REPR; machine is repaired.

Rttributes
ESB3EZSEENES
Drxglnated by finishing a repair of failure .
or a service to a machine $ RUN_PHRSE (operation
. § STATE ( )

2 STATE  (machine)
3 MACHN_OK  (decision)

. 3 LE_NMBLi} number of available
machines of type i

TRANSFER
SRVC_RPR_DON (of machine) . .
STRTE_CH_LE_ . u.u
Rctivate UPDT_MM_SYS at Time . .
DECIDE .MACHN_DK: s true . T
Activate DECIDE at Time . .
STRTE_CH_OP_ . U
RUN_PHASE := 6O_ON_WRIT u

(if state ¢» RUN then:) .
RUN_PHASE :s INACTIVE U
Passivate (of SRVC_REPR) .

(if state s RUN then:)

GO_ON_ (with next repair or service) .
RUN_PHASE := BUSY U
Reactivate this SRVC_REPR at ... .

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 followmg machine for repair is available to continue this operatlon 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.

Attributes
ZEZ2XZEEEEE
Originated by several events frum shifts of man,
machines, weather and materials, . 3 GANG .APPLICABLE
. 3 COMB_G.APPLICABLE
R = RUN . % MM_S_NEW

* MAN/MACH.STATE
. % GANG.STATE
% COMB_G.STATE
t OPRTN.STATE

URG_DBRANGS _ .
RPPLCB_GRANGS u
RPPLCB_MM_SYSTHS A | I
SELECT_MM_S .JD.
STOP_START_OPRTNS . . )
STOP_WORK_(._, STATE_CH_MMS . . u.
START_WORK_C_ , STATE_CH_MMS . . R.
ST0P_OPRIN_ . .
STOP_WORK_G . .
ST0P_ ACTVIY, STATE_CH_LE_ . ] .
STATE_CH_MMS, STATE _CH_OP_ . .U v
Reactivate this OPRTN_ MATRL at Time prior . .
ONT_TRANSFER
TERMNT
Passivate (of OPRTN_MATRL)

START_OPRTN_
START_WORK_6 . )
START_RCTVIY, STATE_CH_LE_ . R ]
STATE_CH_MMS, STATE _CH_OP_ . R R
Activate this OPRTN_MATRL “at Tiee . . .
Passivate (of URGENCY_DCSN)

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 & request to recnrd and report
gnce a day the cumulative or daily duta of
components,

(If not END_SERSON then:)
DAILY_RDMINISTRATION
(if DISPLAY then:)
DISPLAY_QUTPUT

(if PERD_OUT and EACH_PERIOD theri:)
CuM_USE_COSTS
USE_COSTS

PERD_OUTPUT
Hold (1), one day

Table 6.18 Event in dynamic sectinn of MAIN.

Ofiginatrd by setup of an experiment ur
within an experiment by change of year/season

(While a next experiment is given then:)
INIT_EXPER, creates objerts of classes

(while a next year is given then:)
WTHR NEW_FILE (weather)
RELOAD
RESET (compnnent)
Hold (LAST_DAY_YEAR)

Activaete RDMNSIR {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 S
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).

Date Day Area of wheat harvested (hal
wheat ripe on B RAugust vheat ripe un 20 RAugust
drier no drier drier drier
sprouting
(a) {b) (c) (d)
6 August M 4.7 0.7
7 T 4.7 0.7
8 [ 4.7 0.7 -
9 T 4.7 0.7
10 F 4.7 0.7
11 S 8.5 0.7
12 S 8.5 0.7
13 M 17.3 8.8
14 T 22.2 14.8
15 w 22.5 14.8
16 T 26.1 6.8
17 F 26.1 16.8
18 S 26.1 16.8
19 S 26.1 16.8
20 M 27.3 20.0 7.2 7.7
21 T 27.3 20.0 11.3 12.7
22 | 28.5 25.5 16.5 22.2
23 T 30.0 25.5 19.9 23.3
24 F 25.5 19.9 23.3
25 S 25.5 19.9 26.7
26 S 25.5 19.8 26.7
27 M 30.0 26.7 29.4
28 T 26.7 29.4
29 v I 268.7 30.0
30 T 26.7
31 F { 26.7
1 Sept S 26.7
2 S 26.7
3 "M 29.8
4 T 30.01 {
S ]

! ALl work (harvesting, baling, bale gathering, pluughing)
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
f96 and f 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.
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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.

¥heat ripe on 6 Rugust Wheat ripe on 20 RAugust

drier no drier drier drier
(a) (b) (c) sprg:}ing
Hen, overtime only s28 “s 630 ss0
Machines, energy only 295 0 277 388
Timeliness losses of
wheat 1481 2472 B42 628
straw N 166 191 381
bales 15 18 34 30
Loss of grain due to
faster driving the
combine harvester 0 o 0 228
Total 2510 3101 1375 2637

The resulting costs of the four situations are shown in Table 6.21. The
better weather after 20 August reduces the costs from f 2510 for Situation a
to f 1975 for Situation ¢, 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 f 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 f 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-FLLD-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

202



Table 7.1 Subclasses of FIELD in class SFOWHEXP.
FIELD class FLD_WHEAT;

begin
real MCGRN_INPROC, MCSTR_INPROC; lweighted muisture rontent of quantity in process;
end;
FIELD class FLD_SEATH;
begin
real DATE_WHIRIPE, Idate when whrat was combine ripe;
MCS®T_INPROLC ; Im.c. of swath;
end; '

FIELD class FLD_BALES;

begin
real MC_BALING, Imoisture content (wet basis) of bales at baling;
RAINSUM_BLNG, lcum.amount of rain in mm until baling;
VALUE _BLNG; Ivalue of swath at baling;

end;

FIELD class STRG_WET_GRN;
begin

real MC_GRRIN_WET; Imnisture rontent (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_; leses  eee- ~ese .eee --=3
! lcalled from weather, reset_;
begin
if PROCESSING then ONT_INTGR_M; Icalls attr_intgr_f_ to integrate m.c.;

MC_GRAIN:= WTHR.MC_GRAIN_WTH;
MC_STRW:= WTHR.MC_LWR_SIRW;
if WTHR.REPORT then
CNOTN_®_T:s IMAX (1, IMIN (4, Entier ( (MC_GRRIN - 10.0) / 5.0} ) ) +
4 ¢ (§THR_CATGR_6 (WTHR.EXP RPRTD] - 1); CNDIN_W_T:= IMINCCNDIN_®_T, CNDINS_®_T);
MAT_DLVR PRV « MAT _BLVR;
MAT _OLVR:e if MC_GRAIN <= MC_UB_DRY then DRYGR else WETGR;
if MAT_DLVR ¢» KAT_OLVR_PRV then begin
if PROCESSING then PROCESS_MAT;
REC_OPR_C_D1:- OPRTN_PROC_QG.First;
while REC_OPR_C D1 =z/:z none do
inspect REC_OPR_C_D1.0PR_MT do begin
MAT_PROD_CHNG (MAT_DLVR_PRV, MAT_DLVR);
REC “OPR_C_D1:- REC OPR f _D1.Suc;
end; lafter this puint an operation continues with gu_un, see process_mat;
if MAT_DLVR = DRYGR then CRP_EXC__M_ else TCAP_LEVEL:= 0;
end;
COSTS_EXPCTD:»
if MAT_DLVR = DRYGR then 0.0
else 61.C0STS_H_FXD & (M _GRAIN - 17,0}/ 5.0/ KR1.CAPRCITY; [II[fi/ha);
RITR_FLD_M_;
WORKBL_NEXT:s MC_GRAIN ¢s= MC_UB_GRAIN and not WTHR.MSTR_PLNT;
CH QQRKBL;
STRTE_CH_MAT;
M_PRC CND_(H:: false;
for I M2:= 1 step 1 until PROC_CNDINS do begin
H PR( _CND_PRV (I_K2}:s M _PRC _CNDTN (I_M2);
M_PRC runru (1 H2] : MC_GRAIN »s PRC CNDIN _LB [I_M2] and
MC_GRAIN ¢= PRC_CNDTN_UB [I_M2};
M_ PRC (ND CH:= M_PRC_CND_CH or not (M_PRC_CND_PRV [I_M2] eqv M_PRC_CNDTN (I_M21);
end;
REC_OPR_C 01 - OPRTN_PROC_Q.First;
if H PRC CNU _CH then
while REC_OPR_r_D1 =/= none do begin
REC_OPR_C_D1.0PR_MT.STRTE_CH_OP_;
REC_OPR_C_D1:- REC_OPR_C_D1.5uc;
end;
DECIDE qua URGENCY_DCSN.DRY_GRAIN:= M_PRC_CNDTN (DRY] and nut M_PRC_CND_PRV [DRY];
BECIDE qu« URGENCY_DCSN.WET_GRAIN:= M_PRC_CNDIN [WET) and not M_PRC_CND_PRV {WET) ;
if (M_PRC_CNDTN [WET) and M_PRC_CND_PRV [DRY] and not M_PRC_CNDIN [DRY) and STRTE = RUN)
| Idry--)wet; ar lwet-=)dry;
(M_PRC_CNDTN [BRY) and not M_PRC_CND_PRV [DRY] and STATE = PRSSIVE)
then activate DECIDE at Tiwe;
end 83 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 ATTR_FLD_m_; lemee  caa. cee- ceea  aasa:
| lcalled in attr_updt_m_, cup_exc__m_, start_oprtn_, consumptn_m;
if FLD_C =/= none then begin - - -

RIPE_6:s FLD_C.DATE_OPT_YLD; .

DURTN_RIPE1:= RIPE_6 ¢+ 3.0 - TIME_YR; Iduration until full ripeness of straw;

MC_STRW_UNRP:s 18.0 ¢ 0.8 % MC_STRW;

MC_STR® FLD:s if DURTN_RIPEY ¢ 0.0 then MC_STRW

else if DURTN_RIPEY > 5.0 then MI_STRW_UNRP

1; else MC_STRW_UNRP + (DURTN_RIPE1 - 5.0) / 5.0 8 (MC_STRW_UNRP - MC STRW);

CAP_RTID_PRV:= CAP_RATIO; - -

CRP_RATIO:= (if MC_STRW_FLD ¢= 20.0 then 1.0

else if MC_STRW_FLD » 65.0 then 0.1

I3 else 1.0 - (MC_STREU_FLD - 20.0) & 0.02)

$ (1.0 + CAP_EXC_FRAC [CAP_LEVEL]) 1 0.8;

REC_OPR_C_D1:- OPRTN_PROC_Q.First;

if CAP_RTIO_PRV ¢» CRP_RATIO and CAP_RTIO_PRV » 0.0 then

while REC_OPR_C_D1 =/s none do begin

REC_OPR_C_D1.0PR_MT.CAP_QGNT_CHNG (CRP_RATID / CRAP_RTID_PRV);
REC_OPR_C_D1%:- REC_OPR_C_D1.Suc;

end;

end;

Table 7.4 Procedure DELVR-FLD-M- of class STRAW-SWATH.

proredure DELVR_FLD_M_
(GNT_PROD__M_, FLD_ORIGINAL_); leeee  oe-- cee- ceee “m==;
real ONT_PROD__M_; lcalled in delivery_m_;
ref (FIELD) FLD_ORIGINRL _;
inspert new FLD_S¥ATH da begin
FLD_Q_SON:= FLD_Q_SGN + 1;
FLD_D:- this FLD_SEATH;
if FLD_AT_TAIL then Into(FLD_0) else Follow (FLN_Q);
DATE_WHIRIPE:: MRYRL (WHEAT).FLD_C.DATE_DPT_YLD;
GUANT_F_PRD:= QUANTITY:= GNT_PROD__M_;
DATE_PRODCD:+ TIME_YR;
DATE_PROCSBL.:= DATE_OPT_YLD := TIME_YR +
(MATRL [WHERT).FLD_C qua FLD_WHERT.MCSTR_INPROC - 20.0) / 10.0;
MRKE _NAME (FLD_B_SGN, MAT_NO);
FLD_RREA:- FLD_ORIGINAL_.FLD_ARER;
end 3% 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-GANGS- of class URGENCY-DCSN.

procedure URG_GANGS_; leeee  aee. - csae  eeaw:
l Icalled in shift_urg, this dynamic;
fur K:= 1 step 1 until BANGS do inspect GANG (K} dn begin

real URA_G_PRV;

URG_&_PRV:t URGENCY;

URGENCY _GANG_;

inspect OPR_MI__G do Ispecification frum processed materials;
fur I4:s 1 step 1 until MATRL5_PRCSD do inspect MAT_PROC [I4) du begin
real URG_M

if QUANT EXPCTB = QUANT_ARRVD und GQUANT_AVLBL ¢ QUANT_TRMN
or FLD_C. TQUANTITY ¢ GURNT TRMN ‘ar FLD_C. LQUANT _F_PRC » “FLD FRCIN_PRC ¢ FLD_C.QUANT_F_PRD
then URG M:= URG_TRMN
else if ouaNT _AVLBL ¢ GUANT_MIN then URG_M:s - URG_PRO(_T;
URGENCY:= URGENCY + URG_M ! CRP_PROC;
" URGENCY_LORR:s URGENCY_CORR + URG_M | CRAP_PROC;
en
if S5TRTE = RUN then URGENCY_CORR:= URGENCY_CORR 3 STIM_GNG_RUN;
if OPRIN__B6.STATE = PASSIVE “and this DECISION s!/s Current and (not MM_S_SELECT or
URGENCY ) URG _O0_PRV & URG_MULT and URGENCY > URG_6_PRV ¢+ URR_INCR) then begin
URGNC INCRERSE 1z true;
activate DECIDE 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.

206



Table 7.6 Class COMP-ADMINISTRATION of the base model.

class COMP_RADMINISTRATION (COMP);

ref (COMPONENT)L.OMP;
virtual :procedure TIME_C_RCC_;

begin

end;

procedure TIME_C_RCC_;; lcalled in time_c_accum;

Table 7.7 Class COMP-ADMN-YR of the wheat harvest model.

COMP_ADMINISTRATION class COMP_ROMN_YR

lllllllIIIII'IS'IIIIIIISSIII.II.II".II..i

(C16_LB, CTGRS);
integer CTGRS,CTG_LB;

begin
1d e c ! a r 3 t 1 0 n;
real leconccmceoccccccecnne-. :
rFOSTS_MD_PRV, lcum costs made, previous time;
COSTS_D_MEAN, COSTS_D_VRR, {Losts made per day: mean and variance;
TIME_PSV_DRY, TIME_TOTAL,
TIME_USD_DAY, RUNT_MERN, RUNT_VAR, {runtime used per day;
LT_RO, LT_R, LT_CST; {lasttime of update nf time used! costs;
integer lececcnccncncncecnnnnna. ;
COSTS_D_DOBSR, RUNT_OBSRYV; Inumber uf observations ) 0.0;
real array lecrrcneccccccncecencan. :
TIME_USD_PRV, lcumulative time used in state: 1zrun, Z2:passive;
l J:down, lat previous time;
TM_DAY_MEAN, TM_DAY_VAR [1:3); Itime used per day in state i: mean and variance;
real array ' leorecccnaccccncncceaas ;
TIME 16 (1:3,C16_LB:CT6RS), COSTS_R_CTI6 (CIG_LB:CTGRS);
intuger array Jececeeverecnnnncacnnaan :
TM_DAY_OBSRV [1:3); Inumber of nbservations with duration > 0.0;
procedure TIME _C_RCC_; | “eee .--e cmens
inspect (OMP do Icalled in component.time_c_accum;

if RVLB_COMP then begin
if STRTE ¢» STATE_NEXT or (if SH_PRD =/z none then
Abs (TIME_YR - SH_PRD.PERD_END [SH_PRD.PERD])
¢ 1.08-4 else false) then begin Ino accumulation if state continues;
if STATE = RUN and Time - LT_RO » 1.08-4 then
SIGMEAN (RUNT_VAR, RUNT_MERAN, RUNT_DBSRV, Time - LT_R0);
LT_RO:z Time;
end;
if STRTE = RUN then Rrcum (COSTS_R_CTG (CIGR), LY_CST, COSTS_D, 0.0)
else LT_CST:= Time;
Accum (TIME_CTR [STATE,CTGR], LT_R, LEVEL1, 0.0);
end
else LT_RO:= LT _R:= LT _CST:s Time;
lend nf time_c_arc_;

end 33 of cnmpnnent adminstration;

Table 7.8 Class MATRL-ADMN of the base model.

rlass HQTRL_QBHN (MATERL); lzszzsscaxszsss2ssss2seassnzaansssanssanss

ref (MATERIAL) MARTERL;
virtual: procedure RDMN_M_STRTE_, ADMN_RVLBL_, ADMN_WRKBL_, RDMN_RERDY_,
ROMN_M_UPDATE_, 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 machz'nery‘

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 1/0.
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 SIMDDT

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
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- 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. L |
— ‘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).



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):
SFOBAS.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 VAX8600-computer:
SFOBAS.VAX, SFOEXP.VAX and SFOSIM.VAX.
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Appendix B Classes, References and Procedures

Name of Class

ADMINISTRATION
ROMINISTRATOR
RREA

COMPONENT
COMP_ADMINISTRATION
COMP_ROMN_YR

DECISION
EQUIPMENT
FIELD
FINAL_MAT

GANG_SET
GANG_SET_GNRTD

INITIAL_MAT
INTERMDT_MAT

LABOUR
LABR_EQPMNT

Main prugram
MAN_MACH_SET
MAN_MACH_SYS
MATERIAL
MATRL _ROMN
MATRL _RDMN_YR
MM_SYSTMS_SET

OPERATION
OPRTN_MATRL

PLDT_RDMIN
PROCESSED_MAT

RECORD_COMP
RECORD_LB
RECORD_LE
RECORD_MAT
RECORD_MM_S
RECORD _OPR

RECORD_SR_RP

SFOBASE_MODEL
SFOEXPERIMENT
SHIFT_PERD
SHIFT_URG
SHIFT_WEEK
SRVC_REPR

UPDT_MAN_MCH
URGENCY_DCSN

VEATHER
WEATHER _MATRL
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Reference

ROMNSTR
ROMN
FLD_ARER

COMPNT
COMP_RDMIN
DECIDE

MACH

FLD, FLO_C,
FLD_D, FLD_E

fOMB_G

MAN

HAIN
GANG
MM_S
MATRL
M_ADMN

MM_S_SET
OPRTN
OPR_MAT

MATRL_PRC

SH_PERD
SH_URG

SH_WKLY
OPR_S_R

UPDT_MM_SYS
DECIDE_URG

WTHR
WTH_MAT

Line numbers (incr, 10) in proyram files
{see Rppendix R)

SFOBRS

------------

30220-30230
23030-23220

03360-04310
04430-04480
16560- 16640
05500-06350
29340-23880
28680-28930

03650-08330
10140-11180

27320-28410
28530-28570

05220-05330

04640- 05050

08240-09500
07180-08060
17640-24120
24240-24270

11370- 11450

12240- 12400
12640- 15260

24430-27800

03430
05160
04600
17580
07110
12580
15370

00530-31140
01230-01880
16780-17420
02060-03330
15440- 16410

11620- 12080

30010-300930

SFOEXP

4010-7450

7500-7550

0310-7530

1480-3860
0550- 1320

SFOSIM

0340-4580



Name nf Procedure

RCCEPT_UNTIL
ADJUST_GUANT
APPLCB_GANGS
RPPLCB_MM_SYSTHS
RSSEMBLE
ATTR_FLD_M_
ATTR_UPDT_M_
ATTR_INTG_F_
AVL_TEST
AVLBLTY_TEST

CAP_CHNG_DLV
CAP_CHNG_PRCSNG
CAP_ONT_CHNG
CH_AvLBL

CH_RERDY

CH_WORKSL
(OMBS_h_GENERATION
CONSUNPT_F
CONSUMPTN_M
CONTINUE
COST_CHANGE
CUM_USE_COSTS

DAILY_DATA
DATE_FROM_DAYND
BATE_TO_DAYND
DELTIVERY_INIT
DELIVERY_M_
DELIVER_MAT
DELVR_FLD_INIT
DELVR_FLD_M_
DISRSSEMBLE
DISPLAY_DATA
DISPLRY _QUTPUT
DLVRY_CONTND
DLVRY_STARTD
DLVRY_STOP

f IND_DATA_AT
FLD_EXPCT_M_

GO_AHEAD
60_ON_
GO_UNTIL_MP

HOUR_AT_TIME

INIT_EXPER
INIT_INPUT_

MAKE _NAME
MAT_PROD_CHNG
MAX_QUANT _M_

- .

& Un

& B B

4.

S

‘-
49
4-

bbb UNN L EDOL DL LELDN N o bbb
L N L] L]

.............

S0
21
.34
51
.47, 4.52, 7.4
.70
.16
.18
.18
.17
.22

.34
.16

.86
.88, 4.97
.29

11

.31, 5.32, 5.33
(4.4) (4.78) 5.44, 5.46, 5.49, 5.51, 5.53, 5.57

10
91
23, 4.52
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NEW_FILE
NO_DLVRNG_UNTIL

PERD_OUTPUT
PRCSNG_EXPCT
PROCESS_MAT

ONT_INTGR_M
ONT_TRANSFER

RELOAD
RESET
RESET_
RESET_M_

SELECT_MM_S
SERVICE_NEED
SHIFT_CHNGE _
SHIFT_PERD
SHIFT_URG
SHIFT_WEEK
START_ACTVTY
START_OPRIN_
S TART_PRCSNG
START_WORK_6
STATE_CH_LE
STATE_CH_MAT
STATE_CH_MMS
STATE_CH_OP_
SIATE_CDSTS
STOP_ACTVTY
STOP_OPRIN_
STOP_PRCSNG
STOP_START_OPRTNS
STOP_WORK_G
STORE_COSTS
SRVC_RPR_DON

TERMNT
TERMNT_NO_DLVR
T1IME_C_ACCUM
TIME_YR
TML_FNCT_FRC_
THL_LOSS_EXP_
TRANSFER

UPDAT_GNT
uUPDT_LE
URGENCY_RANG
URG_GANGS _
URG_MAT_EXT_
URA_MAT_PRC_
USE_COSTS

¥AIT_MAT_PRC
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WRNN NW
=Moo

& = W0N
f. 3

i b
e N
N wuwm

-

a0 dbOn
FF W v, ]
wo

4.91, 4.93
4.32
5.12
4.70
4.68
4.60

4.92
4.36
4.3
4,112
4.40
4.42
4.88

4.90
4.106
4.71
5.8, 7.5
4.44
4.43
5.22

4.87

, 5.44, 5.63, 5.64

4,39, 4.54, 4.63, 5.15



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.
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