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Many existing industrial managementand control systemsare

not basedon an integratedsystemsconcept. This is largely

due to the fact that the production control systemshave been

developedindependentlyand separatelyfrom the management

systems. The local control systemsaimed at monitoring techno-

logical units or transport facilities have virtually no links

with the managementinformation systemsdesignedfor inventory

control, planning and dispatchof production. This failure to

exploit the potential power of applied systemsanalysis is

caused,on the one hand, by the complexity of the integrated

problem and the lack of general conceptsand approachesto

its sOlution. At the same time the people who have developed

such limited systemshave extremely detailed but narrow ･ ｸ ｾ

perience. To createa processcontrol system, a deep knowledge

. of the technology is required and these systemsare usually

designedto make full use of technologicalequipment. In de-

veloping managerialsystems, specialistsin management,orga-

nization, and planning are required, who have a deep under-

standing of the specific features for the given plant, and

experienceof its general environment.

The difference in approachesto the problems above, currently

results in the organizationof production processesbeing in-

adequatelyconsidered.On-line operationalcontrol systemsare

rarely encounteredas a link betweenproduction planning systems

and local automatedprocesscontrol systems.

At each of these levels control is performed through related

models which enable the establishmentof a programmeof control

actions through time. Only in simple casesdoes the concept of

direct feedback appear to be applicable, e.g. for stabilizing

processcontrol parameters.In most casesfeedbackprincipals

are used for adapting the model for management,planning and

control purposes. I
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An enterprise,taken as a plant to be controlled, is a sub-

systemof a larger and more sophisticatedsystem. If an

enterpriseis linked to customersthrough a market, the

objectivesof its operationwill be determinedby the product

demand forecasting. In most socialist countries, the objectives

and criteria of the enterpriseoperation are establishedby

the Ministry which forms the link with the usersof the

product and its manufacturers.An enterprisebelonging to a

large company may find itself in a similar situation. In both

casesthe environment is a source of uncertainty,which may

result in breaking delivery promises, changing objectives etc.

This type of a disturbancecan have a great influence on the

outcome of the plant as can other disturbancesresulting from

deterioration of machine performance,break-downetc. arising

from within the enterpriseitself.

The featuresmentionedrequire a probabilisitc approachto the

analysis of both the controlled plant (an enterprise) itself

and its links with the environment.

These studiesshould define:

a. objectivesof the plant operation;
b. constraintsimposed by the environment;
c. environmentalcriteria for plant operation
d. the plant structureand the characteristicof

interstructualrelations as well as boundary
conditions of the plant.

The objective of an actual enterpriseis to manufacturea

defined range of products of a given quality and in a given

time. The successin meeting this objective dependson the

allocation of resourceswhich basically include technological

equipment, transport facilities, materials,'power sources

tooling, personneletc.

It is presumedthat resourcesare sufficient to attain the

objective if properly organizedand managed.
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If we assumemanagementand control to be a processof problem

identification and decision making, followed by control actions,

the organizationwill determine the way in which this processflows.

Organization is consideredas a one off processof job specifica-

tion for each production area and of resourceallocation, which

ensuresthat the objective is met. Such organizationis characterised

by a specific production structurewhich may be shown in graph form

and which reflects the manufacturingcapabilitiesof individual

production areas.

When studying a manufacturingenterpriseits purpose is not only

to describea production structurebut also to estimateproduct-

ivity statisticsfor different areasas well as manufacturing

costs, quality control and other production statistics.These

statisticshighlight repetitive situationsthus enabling

managementto pre-determinecontrol strategies.

Optimal performancesare frequently judged by multiobjective

criteria and the optimization problem can be solved by ranking

thesecriteria using for them priorities or weight coefficients.

Initially a solution which satisfiesthe first criterion is

found and if this solution is not unique then a solution sat-

isfying the secondcriteria is neededconstrainedby the first

solution, and so on.

In some casesthe priorities can be changedwhen the objective

function reachesa certain value. For example, the productivity

maximising criterion may no longer be top priority if product-

ivity reachesa value at which the production volume reaches

a given level. The necessityfor changing priorities usually

occurs when the production situation changes.

Estimating and adjusting the criterion priorities is an ad hoc

procedureand can be carried out by decision making methods

simultaneouslywith the definition of production situations.

The scenariowritten for difterent situationsbecomesthe basis

for their modelling and thus is helpful in selectingpriorities.

The problem of defining the rangesof weight coefficient can

be also solved in a like manner.

By using a production structure for each situation there is a
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possibility of breaking down the overall objective identified

by the environment into a set of sub-objectives--eachfor a

particular production area--formingan objectives tree. When

defining an objectives tree, it is necessaryto considermanu-

facturing capabilitiesof a production area and the constraints

to these areas imposed by the environment (time and resource

margins).

For example, in caseof a steel plant, an objectives tree based

on the plant production structure, identifies the objectives

as targetsof pig iron production in a blast furnace, production

of different gradesof steel in ｯ ｰ ･ ｮ Ｍ ｨ ･ ｡ ｲ ｴ ｨ ｾ ｦ ｵ ｲ ｮ ｡ ｣ ･ ｳ or oxygen

convertors, the targetsof rolled metal production by rolling

mill, etc.

On the basis of the objectives tree analysis performed for

different production areas, related objectives trees can be

composedfor all auxiliary departments,which make up the pro-

duction areas by correspondingresources.The objectives

tree basedon the plant production structuremay be presented

as a graph in a multi-dimensional space. This graph reflects

links and sub-ordinationof objectives, and functional areas

of theseobjectives.

Some outline of functional areascan be:

- production managementand control
- inventory control
- products distribution, etc.

On the basis of the graph under considerationa decomposition

of the general criteria of production performanceestimatecan

be achieved. This procedureallows us to correspondto each sub-

objective a criterion to be satisfiedby a chosencontrol in

order to reach a given sub-objective.The existenceof sub-

objective and a criterion both assignedto every elementof

production structure and to the capabilitiesof each production

area, createsa possibility ｾ ｯ identify the control function and

thus to achieve a functional structureof the management-control

system identical to that of graph of objectives.
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The solution of the control problems correspondingto the

objectivesand criteria is determinedby means of corresponding

areasand auxiliary departmentsmodels. These models therefore

reflect processdynamics and control as a time-relatedfunction

having the form of control and decision making actions programme.

Since processesin different production areashave a broad dy-

namic range, the control of these areas is characterizedby a

broad range of ｾ ｩ ｭ ･ periods. In order to match the controls of

individual production areasover time, the functional structure

graph of the systemmust have a time cordinate and each manage-

ment and control action must have an execution time. The multi-

dimensional graph so obtained shows not only the links and

subordinationof controls and functional areas,but also time

hierarchy of the control.

The whole complex of local criteria should correspondto general

criteria but priorities and/or weight coefficientsmay vary

with the change of a production situation. For example, a pro-

duction area of two units operating in seriesgiven the criteria

of maximising productivity and minimising power consumedas the

first and the secondpriorities correspondingly. If attempts

to satisfy the first criterion result in the highest available

production from one unit, it then becomesa bottleneck. In this

case the productivity maximization criterion does not apply to

the secondunit and the achievedmaximum of the first objective

function becomesa restriction; the only requirementto be met

is to satisfy the secondpriority criterion. Formulating ｣ ｯ ｮ ｾ

trol problems and developing algorithms for their solution are

also ad hoc procedures,very similar to the proceduresfor

decision making. The developmentof techniquesfor solving the

problems mentionedrequires efforts to be made in the following

areas:

al decompositionof the. corporativeobjective for a .
given production situation and creation of an objectives
tree for the production structureof the enterprise;
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b) Decompositionof general criteria to the set of
local criteria correspondingto the objectives
tree;

c) Definition of control problems for each element
of the production structureaccording to the
objectives and criteria defined for theseelements;

d) Developmentof algorithms for solving control
problems and estimationof the control dynamics
for each elementconsideringthe probabilistic
characteristicsof the elementtsmodels;

e) Creation of the graph which describesthe functional
structureof the control system.

It is obvious that the more detailed the graph, the more

precise the programmeof control actions will be and con-

sequentlythe better plant performancewill be. However, in

case of complex plant the definition of the total programme

of control actions for a long period is an enormous problem

and in most casesa solution is practically impossible.

Besides, due to the presenceof unpredicteddisturbances

during implementationthere will always be a divergencebetween

the reality and the plan, which usually increaseswith time.

Thus detailedproduction planning over a long period is quite

pointless. One of the possibleways to overcome these obstacles

is to subdivide the problem into several smaller problems with

different degreesof detail and different time scales•
•

Thus, the first step in planning the production of an enterprise

could be to take into considerationaverageproductivity fig-

ures of shops and larger production areaswithout much detail

of the equipmentor of productivity variations due to techno-

logical variations, etc. Such planning is for a given time

duration and the result constitutesthe guidelines for the

secondstep - i.e. creation of a plan for each shop. The

models used for,the secondplanning step consist of simplified

technologicalmodels of the !equipment reflecting averaged

productivity and energy consumptionetc. without considering

production situationswhich may occur due to variations in

the ･ ｱ ｵ ｩ ｰ ｾ ･ ｮ ｴ performance.
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The next step is to considerparts of the shop modelled in

more detail and the planning problem may then have the form

of a job-shop problem over the shorter time scalesthan pre-

viously.

The models for a higher level structureare createdby aggrega-

tion of the lower level models. The number of modelled levels

that can be aggregateddependson the available computer

capacity, the complexity of the problems and the probabilistic

characteristicsof disturbancesaffecting the production pro-

cess and resulting its divergency from the planned. The larger

the model which is used to solve the planning problem, the

more the model parameterswill vary and the higher the risk

that plant operationwill deviate from the optimal. A decrease

in risk can be achieved if a more detailedmodelling with

probabilistic characteristicsis considered.These characteristics

should include some complex indices defined for a given.pro-

duction situation and "organizationaland technological

difficulties" in fulfillment of a plan due to plant performance.

For example we may consider a shop which should manufacture

only. one product, and the other shop with many different ｰ ｲ ｯ ｾ

duct items. If both shops are identical, we may find that the

probability of divergencewill be higher for the secondcase

than for the first one.

Thus, the topics requiring investigationwhen selectingthe

number of levels of model detail are:

al statisticalanalysisof the divergencybetween
planned and actual production processcoursesand
estimatingcomplex indexes as a- function of the
"organizationaland technologicaldifficulties?;

b) constructionof a probabilistic model of production
processas a function of "organizationaland
technologicaldifficulties" for different product-
tion situations.

c) definition of a planning period for a given degree of
aggregationproviding a given probability of
divergency between ｾ ｬ ｡ ｮ ｮ ･ ､ and actual plant operation.

Since planning problems are normally connectedwith the

allocation of limited resources,the "optimization rate" of



- 8 -

a plan dependson the time period used. For example, in

trying to achieve the best performanceover just one shift,

it may be that the increasein the resourcesconsumeddo

achieve the highest performanceduring that shift but lead

to a shortageof resourcesfor the following shifts with a

consequentreduction in the overall performance.Thus, the

longer the period chosen for planning, the higher the rate

of "optimization" may be achieved. But, as it has been shown

above, the length of the time period is limited by the pro-

bability of divergency betweenplanned and actual. To increase

the range of planning with respectto imposed limits it is

consideredquite reasonableto introduce a "sliding horizon

Planning". A plan is preparedfor a time interval which is

longer than was selectedafter considerationof the tolerated

divergency probability. When the chosen interval is over, a

procedureof choosing a new interval is preparedfor which

a new horizon of planning is defined, etc.

As it follows from the above, dividing the problem of

planning according to the level of detail leads to a set of

models with different time-scalescorrespondingto each stage

of the resultantstructure. The difference in time-scalesof

models involved in different planning stagesbut representing

the same plant necessitates"dual modelling" in which a detailed

model is used in solving prOblems at its own level and also

of higher levels when aggregated.Aggregation intendedto

decreasethe dimension of higher stagesmodels should also

take into account the difference in time-scalesi.e. a higher

level model should characterizethe behaviour of an area during

the whole time interval of a lower stage.

Differing time-scalesof models may increasethe crudeness

of planning problem ｳ ｯ ｬ ｵ ｴ ｩ ｯ ｾ ｳ if the nature of disturbances.
and the dynamics of those plant areas, have not been considered

in thesemodels.
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The multilevel characterof model aggregationrequires a

correspondingdata base. This data basemust contain informa-

tion varying with the degreeof aggregationand structuresof

models for different production situations. Thus, information

belonging to the stageof technologicalprocessingmust display

completely the characteristicsof the technologicalunits

enabling it to predict their performanceduring every production

cycle. The production area model requires information on

averageproductivity of every technologicalunit not only the

technologicalprocessitself. It ｡ ｬ ｳ ｾ requires information

about operationsand resourceallocation in this area. The

model of a group of areas, for example a shop, requiresmore

aggregatedinformation in a standardform.

The above mentionedproblems are examplesof feed forward

control used to predict the control action in advanceand

without consideringproduction errors etc. When the planned

performanceof the plant is implementedthere are always di-

vergenciesthat ｡ ｲ ｪ Ｚ ｳ ｾ Q\le to the presenceof un-predicteddis-

turbanc(:!sandthe crudenessof the models. Both causesare

consideredas ､ ｩ ｾ ｴ ｾ ｾ ｾ Ｙ ｮ ｣ ･ ｳ and when they occur compensation

must be made which can be effectedby some extra control

actions, not specified by the plan.

All disturbancesmay be divided into directly or indirectly

obvious. For example, the disturbancesof a breakdown type

are noticed immediately the equipmenthas stopped, but those

of performancechangesdue to its slow detriorationmay

usually be revealedin an indirect way by comparing the current

production performancewith the previously acquireddata.

Such comparisonsof current performanceof a technological

unit or a production area can be performedby adaptationof

correspondingmodels. Adaptation is a time-consumingprocess

and the time required dependson the dynamic characteristics

of the plant being modelled and on the time characterisitcsof

disturbancesaffecting that plant.
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Depending on the nature of disturbancesbeing revealed, the

compensationfor their impact may be achievedby generating

extra control-actionswithout changes'in the corporate

programmeby altering selectedcontrols or by calculating a

new programme for the rest of the process.For example, in case

of a breakdownof some equipment, the total programmeof control

actions may have to be revised. If the disturbancemay be com-

pensatedby extra control actions (i.e. the plannedobjective

can still be met) and the cost of these actions does not change

much of the performanceplant indices, the programmeof actions

may need no changes.Only if the "cost" of extra actions is con-

siderableshould the programmebe revised.

A very complicatedproblem needing a solution occurs in a multi-

level model siI11Ulation in which models of a higher level comprise

aggregatedlower level models operatingwith different time

scales. Since models are createdusing data stored in the data

bank, higher level models require continuousupdating of data

stored in the bank. Since models of higher level operateon

larger time-scalesthe updating of data for that level is much

slower than for lower levels. A correspondinginvestigation is

necessaryto define the conditions for data updating used for

models of different levels.

As it has been mentionedabove, disturbancescan be compensated

for by revised plans or by applying an extra control actions.

In both cases, to make a decision of which action to take the

correspondingmodel should be adaptedand due to the different

models time scales,adaptationto this type of control is a

hierarchical in time.

,

It is obvious that the smaller the gap in time-scalesbetween

two models of different ｬ ･ ｶ ･ ｾ ｳ the less time will be needed

for adaptationbut the resultant increasein number of levels

leads to a significant increasein the problem's dimension.

Therefore the number of model levels in the system under design

can be defined as a trade-off betweenprobe1m dimenstion and
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and permissibledispersionof plant performanceindices. Thus,

problem control solving in an on-line production process

requires the following studies:

a) techniquesfor revealing the disturbanceand their
time-basedcharacteristics;

b} adaptationof models and their time-basedparameters

c) methods of defining the on-line system functional
hierarchy;

d) decision making in identifying a form of control to
be applied to the plant

e) methods of the number of the system'smodels levels
(i.e. the trade-off betweenproblem dimension and
quality of control).

The problem areasdiscussedabove related to feed forward

managementand control, basedon the prediction of plant

behaviour. But on-line managementand control system'sfunc-

tions contain also problems of production processorganization

to implement a chosen production plan or sChedule. This problem

area for a manufacturingplant includes the organizationof

materials flow between production areasby issuing commands

to transport facilities and adjustmentof the technological

equipmentby setting of required technologicalgoals (by

setting ｲ ･ ｧ ｵ ｬ ｾ ｴ ｯ ｲ ｳ and programmablecontrollers). To solve

the problems related to the organizationof production, models

are used which reflect a chosen technologicalroute and which

define the relation of quantitative-qualitativecharacteristics

of individual production areasat implementation (not con-

sidering its inherent behaviour). Thesemodels are built by

aggregatingthose used in processand materials flow controls.

Models of both types are adaptedsimultaneouslythus enabling

the decreaseof the deviation of production processfrom ｯ ｰ ｾ

timum.

Control actions identified according to the organizationof
I

production are agreedwith material movementsand this move-

ment is monitored by a separatesystemon the basis of data
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received from controllers and operatorconsoles.The data

obtained is used to monitor the production processand to

compare it with planned data. Such comparisons (in conjunction

with on-line prediction of the production processflow based

on modelling) make possible the timely detection of errors

and to the identification of remedial control actions.

It may be so that the control actions used to eliminate diver-

gency between planned and actual production processflow are

not adequateand this divergency nears the danger value before

the end of the planning interval. In this case the programme

of control action should be revised by the manager for whom

the systempreparesa list of alternatives. In some cases

these changesmay affect the sequenceof operationsperformed

without any changesin the remaining part of the control

action programme. In a like manner a manager interveneswhen

a production processbecomesbottleneckby the breakdown

of some units or the lack of materials in caseof supply break-

down. In each caseof intervention the decisionsmade should

introduce minimal changesin the remaining part of a previously

acheduledproduction process.

The above mentionedproblems of planning and managementhave

been consideredseparatelyfrom their implementation. This

problem of implementation includes the choice of a proper

selectionof hardware, (computers, communicationchannelsand

peripherals,etc.) and of their interrelationstructure. The

solution of this problem defines the functional reliability of

a system. By the functional reliability we assumethe reliability

with which the plant performs under control of a given system.

An estimateof functional reliability can be made as a re-

duction of the plant's performanceeffectivenesscausedby

errors and failure of the sYftem's operation.
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Since functional reliability dependson algorithmical and data

redundancy,generalmethods have to be developedto define

the required redundancyon the basis of given hardware and

functional reliability values, or to define the required

hardware reliability on the basis of given redundancyand

functional reliability values.

The choice of systemshardware configuration and structure,

should be basedon a cost/performanceanalysis. It relates

to the alternativesand decision making review basedon the

satisfactionof the following requirements:

- minimum capital expenditureson the acquisionof the
total complex of hardware (including computer cost);

- ｭｾｮｾｭｵｭ loss in overall production performance
managedby the system

minimum cost of maintenanceand minimum cost of soft-
ware development;

- minimum time and cost of implementation

The developmentof methods for choosing the hardware structure

and ｣ ｯ ｮ ｦ ｩ ｧ ｵ ｾ ｡ ｴ ｩ ｯ ｮ should be basedon decisionmaking theory.

Though software aspectshave been fairly developed (- COPEX

and MAN PAC systems,etc.) considerableattention should be

paid to the improvementof software, especiallyexternal soft-

ware which are closely connectedwith the algorithmical

problems sOlution.

A specific feature of this area is the necessityto solve

problems with different degreesof aggregation and with

different time scales. Tasks belonging to different stages

should use special languagescapableof level to level trans-

lation. Taking into account the hierarchicalnature of problems

and the necessityof solving them in different time scales

emphasisshould be given to the developmentof special super-

visory programmes.
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The priority should be given to the analysis, classification

and improvement of the proceduresused in models adaptationand

problem solving. As a result of this analysis a creation of

a library of algorithms and programmesused in problem solving

appearsto be possible.


