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ABSTRACT 

This study attempts to inte ~rate two particular aspects 

of ~iaget 1 s theory, seriation of weight behavior and the 

equilib:ration r:10de l, with the recently devel0ped information 

processing approRches to psycholo~y, derived from the 

develop~ent and prolif e r a tion of the computer . It is felt 

that comput e r based technolog ies will be more widely used 

in the future in psychology , to help solv e a variety of 

co.:-r..mon pr obler.is . A major contenporary problem that the 

computer may help to overcome, is that of trying to integrate 

the grea t mass of experimental data that has been collected 

over t he years of psycholoeical investigation. 

The paper has a munber of major sections, a preliminary 

section discussing methodology , a section concerned with 

sin~le subject performance on a weight serjatinn task, and 

a section concerned with Piaget's t~ecretical model, 

equilibration. A review is given of a range of modern 

approaches to psychology, including computer-based approa ches 

and systems sci ence. As well, the details of the methodol­

ogies of computer simulation, systems science, and single 

subject perfornance models are considered. 

The actual experimental work deals with the development 

of a production sys tem based on a study by Baylor and 

Gascon (1974), whlc'!-1 deals wit'!-1 the s eriation of a number of 

weir-;hts. Co:nputer programs were written , in PAS CAL to 

facilitate portability , to simulate the weight seriation 
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behavior of children in the age range s of approximately 6 
to 9 (Stages 1, 2 and J). As well as validating the 

findinr:s of :i3Rylor and Gascon, a further approach to weight 

seri a tion problems was discovered for the Stage 1 child 

(this approach has b een ter~ed "Opposite_placement of 

couples" to complement Baylor and Gascon 1 s "Juxtaposition 

of opposites 11 • These prograr:1.s are presented in the paper, 

along vith examples of the print out obtained, and a 

comparison between these and the children's protocols were 

made . Only chilcren exhibiting Stage 1 and Stage 3 behavior 

were considered in detail , as it was felt that the Stage 2 

beha vior was too conplex and required more extensive 

observation before actual mode lline of the behavior should 

be attempted . 

Piaget ' s equilibratjon mode l is reviewed and discussed, 

with emphasis being placed on its relationship t o 

c ybernetics. As well, oth e r mechanisms of the transition 

from one stage to another are conside red, specifically the 

models of Klahr and Wa llace (1976) and Pascual-Leone (1970). 
It was concluded that the models embedded in the 

programs give an accurate simulation of the various types 

of behavior observed through the age range discussed. 

Various extensions of the work are also considered, 

relatinG to the inte gra tion of other aspects of cognitive 

and motivational aspects into t h e model . It is felt 

finally that it is important to extend work in the area of 

representation of the environment to enable the program to 

have something to manipulate. Piaget's work already has 

an information ~recessing flavour, through his development 

of the concept of operations, but there is hardly any 

work based on the proces sing of representations of the 

environment. This helps give a direction to future 

research. 
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PREPACE 

ThiE study stems from an interest in Piagetian theory 

associated with operations, equilibration and cybernetics, 

and the cha llenge to relate some of these concepts with 

aspects of computer simulation. I believe the computer has 

an important , indeed vital role to play in the future of 

t h eoretical p sychology . After reading many authors who are 

convinced of the truth of this belief, I feel that my 

attempt to acquire some knowledge in this area has been 

worthwhile. Psychology can make from t~e transition from 

a qualitative descriptive science to a quantitative, 

analytical one. If the models produced 2re to serve any 

us e ful purpose they must yield pred ictions that can be 

tested against experimental data. Because psychological 

systems are generally very complex, realistic models 

capable of solution could not have been formulated in the 

precomputer era. Now computational difficulties should no 

longer be a limiting factor in the development of a 

quantitative theoretical psychology. The only limitation 

now lies in our ability to formulate hypotheses about the 

operation of psychological systens, and to develop new 

mathematical and experimental techniques to test them. 

I would like to take this opportunity to thank Dr. 

Don McAlpine for his understanding and help during his 

supervision of this work. Conversations with Don are 
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always (for me) an intellectually stimulating experience, 

and I thank him for th ose experiences. I would also like 

to thank Linds ay Groves from the Computer Science 

department for pittting u p with my abysmal ignorance 

concerning the workings of comp11ter programs, and for 

giving ~ea c onsid erable a m0unt of his time and knowledge 

to increase my understanding of the proces s. Fi nally, I 

would like to t hank my wife, for her patience , and for her 

support, without which this thesis would not have been 

completed. 

K.E. Voges 

November, 1979 
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CRAFTER 1 

A STATEMENT OF THE PROBLEM 

In many respects this thesis has as its main conc~rn a 

methodological problem, outlined at different times by 

different theorists. It represents a growing dissatisfac­

tion with a science that seems to be becoming an encyclo­

pedia of known facts rather than an interpreter and organ­

izer of these facts. This dissatisfaction was crystal­

lized in an article by Newell (1973), in which he considers 

a very real problem emerging in psychological research, or 

rather two interrelated problemso The first concerns a lack 

of direction in research. Newell lists 59 different 

phenomena (by no means a final or exhaustive list) with 

which experimental psychology deals, and is pessimistic 

about any finality being reached in any study. 'Matters 

simply become mudier and mudier as we go down through 

time. Thus, far from providing the rungs of a ladder by 

which psychology gradually climbs to clarity, this form of 

conceptual structure leads rather to an ever increasing 

pile of issues, which we wear-y of or become diverted from, 

but never really settle 1 (Newell, 1973, pp. 288 - 289). We 

seem to consid6r research as another consumable commodity. 

The research is performed with little consideration for 

extension or integration with current theory. This is 

Newell's second problem. 1 We_never seem in the experi­

mental literature to put the results of all the experiments 
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together •••• We do ••• relate sets of experiments . But the 

linkage is extraordinarily loose. One picks and chooses 

among the qualitative summaries of a g iven set of experi­

ments what to bring forward and juxtapose with the concerns 

of a present treatment' (Newell, 1973, p.298). The problem 

concerns an integration of the great mass of data that has 

been gathered over the last hundred years since psychology 

has been considered an experimental science. 

Other theorists, such as Deutsch (1960) have commented 

on the same problem . In his book, Deutsch suggests that 

there are too many facts in psychology, and the task is now 

to interpret them. Lewin was also aware of this problem. 

In a far-ranging paper (Lewin, 1965, p.201) he states: 
1 The need for a closer fusion of the various branches of 

psychology demands tools which permit better integration.' 

He was also aware of the problems with such an approach. 
1 We will produce but an empty formalism, if we forget that 

mathematization and forma lization should only be done to 

the degree that the maturity of the material under inves­

tigation permits at a given time' (Lewin, 1965, p.201). 

One of his major concerns in the presentation of his theory 

was to bring together the total field of psychology in a 

logically consistent manner . He believed such a goal would 

be impossible without adequate mathematization. If a 

theory could combine into one logical system of known fae·ts 

which previously could be tested only by separate theories, 

this particular theory would have great value as an organ­

izational device. Lewin was of the opinion that concepts 

of topology would prove 'fruitful for representation in 

every field of psychology' (Lewin, 1965, p.215). 

In many scientific fields, the concentration over the 

past several decades has been on analytical fact-finding, 

and experimental approaches in highly specific areas. This 

has been useful in helping to develop knowledge and to 

understand the details of specific but limited subjects. 

At some time however, there should be a period of synthesis, 

reconciliation and integration, so that the analyti cal and 

fact-finding elements are unified into broader, multi-
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dimensional theories. 1 There is evidence that every field 

of human knowledge passes alternatively through phases of 

analysis and fact finding to periods of synthesis and 

integration. Recently systems theory has provided this 

framework in many fields - physical, biological and social' 

(Beishon & Peters, 1972, p.16). 

In the remainder of this section I shall consider some 

attempted solutions to the problems I have outlined, as 

well as the general methodological approach to be followed 

in this study. As will be seen, my main emphasis is 

towards what may be loosely termed a systems approach to 

the conceptualization of human cognitive activity. This 

new approach, following on from the theoretical work of 

Von Bertalanffy (1951), is being considered more and more 

in various physical and social sciences, and it is time that 

such an approach was investigated for its application to 

psychological issues. Coupled to this is the invention and 

proliferation of the high speed general purpose digital 

computer. This is I feel a significant step towards a very 

necessary tool designed to "put it all together", and make 

use of the immense wealth of data that has been gathered. 

A number of writers (Reitman, 1965; Apter, 1970) have 

considered the invention of the computer to be as important 

an event for psychology as the invention of the microscope 

was for biology. The exciting implications of this com­

parison have yet to be fully realized. 
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CHAPTER 2 

SOLUTIONS AND APPR OACHES 

1. Solutions 

1.(1). Language 

Obviously the longest used and, at the present time, 

most i mportant mode of communication used by psychologists 

is language. The majority of psychol ogical theories, from 

psychotherapeutic technique s to speculations ab out the 

structure of the mind, are presented in words. By them­

selves, such theories are imprecise. Theories set dovm 

entirely in words are wide open to misinterpretation 

because the referents of the words are determined by the 

experience and training of the reader. For example, a lot 

of people would consider that Piaget has something import­

ant to say. But, except for broad agreement over general 

principles and experimental findings, psychologists may 

find some difficulty in agreeing about exactly what Piaget 

is saying. Such a problem varies depending on the lucidity 

of the individual theorist. Inhelder is aware of the 

problem and states: 1 We are somewhat disturbed by the fact 

that the replication of our experiments does not always 

show a sufficient understanding of Piagetian theory on the 

part of the authors of these new works. We are of course 

the first to admit that such understanding is not easy to 

acquire, especially since this form of psychology is 
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closely linked to a certain form of e p istemology ' (Forvmrd 

to Modgil and Modgil, 1976, p.7). 
One of the biggest problems with theories set down 

entirely in words •is that the referents for the words are 

not externally objectified' (Reitman . 1965, p.8). The 

communicative aspects of words function by calling up ideas 

in the reader. Such ideas are entirely dependent on the 

experience and training of each individual approaching the 

written work. The problems involved in ensuring some 

relation between the reader's and the writer's ideas are 

awe-inspiring, and remain essentially unsolved. 

An attempted solution to this dilemma has been the use 

of operational definitions, the tying of constructs to 

measures. The considerable interest in the strategy of 

operational definition which developed among psychologists 

a generation ago owed much of its impetus to the difficul­

ties of building adequate theories entirely of words. 

Many at the time seemed to think it reasonable to hope that 

the foundations of psychology might be made both precise 

and communicable by tying concepts to standardized.measures 

and manipulations. The approach has been successful in 

someareas, for example, operational constructs of intellig­

ence, but in otherareas, for example, measures of personal­

ity, the approach has been less successful. 

At best however such an approach enables us to object­

ify presence, absence, and amount of whatever it is we are 

dealing with. By tying the acceptability of a concept to 

the immediate availability of an operational measure for 

it, there is no room left for unattached theorizing. While 

this approach has produced some useful measures, it leads 

to the eventual stopping of any real progress. In recent 

years, psychology has become less dependent on immediate 

operationality, and there is more interest in the structure 

and implications of theories cast in more formal languages . 

Such solutions will be considered in the following sections . 

1.(2). Pictorial 

The limitations of a purely language-based theory 
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presentation have now been conside red. Othe r forms of 

theory presentation, such as pictures or diagrams, can 

provide common re ~erents for relatively simple concepts and 

propositions, but they are of little help in clarifying a 

theorist's ideas (for himself or others) when related to 

complex structures or changes over time. Lewin (1936) is 

an example of a theorist who used pictures and diagrams to 

illustrate and present his theories, as well as using 

extensive mathematical presentations. 

Miller (1964) dismisses Lewin 1 s mathema tical work as 

"merely diecursive", and as an enrichment of English syntax. 

He suggests further that readers who approach Lewin 1 s work 

expecting a mathematical theory will be disappointed. This 

appeers to have occurred with Estes et al (1954, pp.341 -

342), who critized Lewin's work as follows: 

Where most learning theorists consider successful 

predictions of behavior to be the principle test of a 

good theory, Lewin 1 s system requires only an "adequate", 

according to the theorist, description and symbolic 

representation of a situation •••• By carrying over into 

psychology some of the verba l phraseology of physical 

field theories without the mathematics, Lewin has given 

us a facsimile of a field theory which resembles the 

real article in much the same way that a masterpiece 

of taxidermy resembles a·~ive animal. 

Lewin did not however, regard his mathematics as some­

thing to be "tested" by e.xperi:r:ients; it was more a conven­

ient language for expressing his highly spatial, Gestalt 

conception of psychological and social processes. Such a 

discursive method is not entirely u~eless and ce.n lend a 

certain brevity to an account, and can frequently reveal 

analogies that may be missed without such a linguistic 

transformation. 

1.(3). Mathematical 

The attempt to apply mathematical moeels to psycholog­

ical problems has a long history, a history which can be 

extended back at least to Bernoulli's paper in 1738 (in 
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Miller, 1964 ) and if one wi s hes to push the argument, even 

back to Aristotle. Miller (196!1) g ives four relatively 

distinct uses of mathematics in psychology. These are the 

discurs i ve, n or mative, function a l ~nd struc t ural uses. 

The discursive mode uses mathematical notation as a con­

venient extension of natural langua ge. Normative appli­

cations use mathematics to discover or to demonstrate the 

most efficient way to attain certain g oals, which unfort­

unately (from the point of view of the psychological 

theorizer) do not always coincide with what humans actually 

do. Functiona l c escri ptions a re widely used in the physical 

scienc e s in stating the so-called "laws of n a ture'' and this 

has p erhaps been t h e most widely used type of mathematical 

presentation in ps ycholog y to the pre sent day. The final 

use, t ha t of structu ral de s cri r tion, 1 s of most relevance 

to the course we are pursuing here, aB will be s een in the 

chapters on Piagetian t heory. Miller (1964, p.6) describes 

it as 1 the use of ma thema tical notation to represent the 

reduction in de grees of free d om tha t must occur in any 

structured domain.' 

From a psychological viewpoint, a structure is seldom 

obvious or available for inspection. Nevertheless, many 

theorists have insisted that the structure is there, and 

have tried to use mathematics to cha racterize it. The 

structure of the observed phenomena is generally analogous 

to the way that the mathematical symbols are related. 

Usually a system of symbols is constructed or borrowed 

wh ose structure is isomorphic with the structure discovered 

by the psycholog ist in his empirical investigations. 

Miller (1964) delineates two distinct levels of structure 

involved in a psychological theory. The subject constructs 

(often tactily) a model to guide his behavior, and then the 

psycholog ists constructs his model of what the subject has 

done. 1 0ne task for the theorist is to make explicit the 

model that the subject is using ; anoth er is to construct a 

model that accounts for why and how he tries to use it. 

Thus the completed theory may c ontain t~o very different 

kinds of structure' ( Miller, 1964 , p.224). Mathematical 
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pr esenta t ions of structure s c an be c ons idered in s patial 

terms (as for example in a factor a na lysis) or in non­

spatial terms, as Piaget has used. 

2. Approaches 

2.(1). Computer-based 

The invention of the c omputer has le a d to a host of 

technolog ies which are directly relevant to the problem of 

presenting complex psychological the ories. I shall look at 

two i mportant computer-based technolog ies, that of the 

information-processing approach, a nd the u s e of computer 

simulation techniques to produce models. 

2.(1).( a ) Information-processing approaches to psychology 

From a psycholog ica l viewpoint, the stimulus is treated 

as information that is operated on, or processed, in differ­

ent ways at different stages with in the organism. In the 

course of t h is informa tion proces s ing it is assumed that 

changes take place in the n a ture of t h e stimulus informat­

ion. Reitman (1965) considers informa t i on-processing in 

psychology as a 'label for a genera l approach to the study 

of psychological activity• (1965, p.1). This approach 

emphasiz e s the functional properties of thought and the 

thing s that this thought achieves. It encourages us to 

investigate in detail the systems of cognitive structures, 

elementary psychological process es, and higher order 

strateg ies involved in huma n behavior. 

(i) Advantages 

Perhaps the main advantage in such an approach to the 

study of cognitive processes is the degree of precision 

such an approach entails. The methods and research 

techniques developed in c onjunction with t h ese theories 

enable the psychologist to set down his ideas about 

cognitive processes as precisely as he chooses. It should 

be accepted that, if p s yc h ology is to take advantage of 

this chance to become a precise science, these ideas must 

be presented precisely. Before the development of these 

information-processing theories, the only tools of 
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cor..n:unic a tion available to psychologists apart from 

mathematics, were those ancient vehicles of words and 

pictures. Earlier sections have considered the 

limitations of these to the presentation of theories. 

Hebb 1 s theories could be considered as beyond the 

modes of communication that he had available when he first 

presented them. It is now po~sible, because of information­

processing techniques, to carry out a n analysis of 

cognitive processes at a level beyond anything possible at 

the time Hebb worked out his theory. As Reitman (1965, 

p.9) states: 1 Informnt ion-processing techniques enable us 

to set down our ideas about central proces ses and structures 

objectively, precisely, and in formal languages dealing 

directly with association structures and the manipulation 

of complex relations among synibols.' 

Furthermore, information-processing approaches have 

uses in direct experimentation as well as in purely 

theoretic considerations. If unexpe cte d results occur in 

an experiment, one is unable to say whether the difficulty 

is in the theory, the ancillary assumptions, or both. In 

an information-processing model, one can state, manipulate, 

and deduce implications from theories in a vrny that is at 

once sure, unambiguous, and independent of operations 

such as measures, manipulations and conditions relating the 

theory to data on human behavior . 

{ii) Disadvantages 

Before it is concluded t ha t I am offering information­

processing approaches as a panacea to cure all our theoret­

ical. ills, it should bee. pointed out th13t there are a number 

of disadvantages to such an approach. It may as yet turn 

out that certain human information-processing functions or 

complexe~ of functions cannot be modeled successfully in a 

computer language. In this case, it would appear that such 

an approach may be concerned with a relatively special and 

limited conception of hUr.1an cognitive activity. Another 

problem may be that computers are too "good" to model 

human processes exactly. Unless we can find a way to 

pr ogram a computer to overlook certain (perhaps relevant) 
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data, be distracted easily, shov, syr.iptoms of fatigue and 

other human traits, any models we produce may remain 

rather stylized. Some more basic problems are rather over­

whelming. For instance, the sheer volume of a computer 

program designed to undertake complex behavior is a deterr­

ent to such an approach. For example, a version of Newell, 

Shaw and Simon's General Problem Solver covers more than 

one hundred pages (Newell, 1·962; In Reitman, 1965). This 

leads to a greater distance of communication between the 

information-processing model and the reader. A further 

problem is the verification of a model's isomorphism with 

the system it is trying to simulate. 

Lamendella (1975) ' distinguishes three different levels 

of theories which could be considered to be modeling some 

aspect of an orgnnism. 1 Each of these three subtypes of 

theory have different goals, are constructed on the basis 

of different evidence, end model -the organism in a different 

sense' (Lamendella, 1975, p.8). The "lowest" level is the 

behaviorally isomorphic theory, which at a minimum has to 

model the observed behavior. The internal processes used to 

obtain such behavior are of no importance. All that matters 

is the degree or isomorphism between the observed and 

modelled behavior. Lamendella states: 1 I doubt that any 

one would want to claim that the structures and processes 

of a behaviorally isomorphic theory of man would constitute 

a theory of hu.,ilan cognitive processes' .(1975,· p.10). The 

next level, which is a subset of behaviorally isomorphic 

theories, are the ,~s,ychologically isomorphic theories, in 

which the functional components of such a theory are 

equivalent to the functions actually involved when a person 

performs a certain behavior. As well as this, the functional 

components are interrelated in the same way as the functional 

components of a person's cognitive system are related. 

Lamendella states a problem remaining in this level of model 

building: 

The internal structure of the functional compon­

ents of a psychological isomorphism theory have no 

constraints other than their capacity for performing 
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the function. Even if the theory has one component 

corresponding to every one psychological componeht 

(assuming a one-to-one isomorphism were desired), the 

internal operations of the components could not hope 

to reflect the way people process information while 

ignoring the physiological facts entirely. 

(Lamendella, 1975; p.11) 

This leads into the final level of theory building. 

Lamendella also believes that cognitive psychology may end 

up as an 'unstructured heap of sup~rficial, unrelatable 

experimental data• (1975, p.12). He believes we need to 

incorporate physiological facts into the mainstream of 

psychology, leading to a psycho-physically isomorphic pype 

of theory, containing the insights of physical description 

theories and psychologically isomorphic theories. With ~he 

construction of information-processing theories, the 

researcher needs to examine what sort of model he is inter­

ested in, and to examine his complete model to see what it 

is he has modeled. 

Despite these difficulties, the possible benefits of 

such an approach are large, and this approach should be 

pursued. Of course, information-processing models can be 

used carelessly and imprecisely, but, if used intelligently 

can aid a researcher to develop and communicate his theory 

of complex cognitive processes with elegance and precision. 

2.(1).(b) Computer simulation 

The first computer-based technology which has been 

considered is that of the information-processing approach. 

This approach contains within it an underlying assu~ption 

of the structure of the human brain, namely that it is an 
information-processing mechanism. The second technology 

to be considered could be described as broader-based,· in 

that it does not have this underlying assumption . This 

is the technique of computer simulation . Barton (1970, . 
p.5) defines simulation as 1 the dynamic execution or 

manipulation of a model of an object system for some 

purpose.' An object system is simply the system we wish 
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to study (i.e. the "real world"). Obviously in psycholog­

ical research, this "real world" is not as clearly defined 

as it may be in other "harder" sciences. The considerations 

of Lamendella (19T5), discussed in the previous section, are 

relevant here. We need to decide what level of the human 

organism we are attempting to model, whether the objective 

observable behavior, or a more hypothetical cognitive 

structure. De Greene ( 197,6, p .119) describes this problem 

when he states: 1 An analog based on only two variables -

input and output - has the lowest degree of isomorph ism, 

and the underlying function may be vastly dissimiliar. 

Such an oversimplified model is most useful as a represent­

ation of a subsystem, which is then linked to other 

simplified subsystems. The lack of precision and detail 

should not transcend the subsystems.' Simulations are 

basically analogies. They can range from physical operat­

ing devices with definite sha pes to block diagrams, figures, 

and computer programs. 

We need at this point to ~ake a distinction between the 

uses of the terms "theory" and "model", Barton (1970, p.26) 

defines a model as 1 a constructed specific expression of a 

theory of one or more hypotheses.' This relationship is 

shown in Figure 1. 

~Theory 

Study of l 
the model._____ 

Model 

Figure 1. Relationship between theory and model. 

(From Barton, 1970, p.27) 

A theory can be considered as a set of general or abstract 

principles as they exist at a particular moment in timeo 

Theories are purposely broad, as they try to apply over 

many specific cases, and communicate generalities. -A given 

theory may lead to almost an unlimited number of different 

models and applications. Figure 2 shows the relationship 

between theories, models, and the object system. 
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ystem 
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Experiments Theory 
with the --------~a nd/or 
model h potheses 

Simulation 
Model 

Figure 2. Relationship between model and object 

system. (From Barton, 1970, p.28) 

A more elabora te model of this relationship can be seen in 

Figure 3. In discussing this Ha ggett (1976) considers that 

the use of the term model has at least three different uses 

in everyday language. These are as~ noun, implying a 

representation; as an adjective, describing an ideal; and 

as a verb, used to demonstrate so~ething. Ackoff, Gupta 

and Minas (1962) have sugge sted that we incorporate p~rt of 

all three meanings when transferring t o scientific usage. 

In model building we are creating an idealized representat~ 

ion of reality in order to demonstrate certain of its 

properties. 

Realistic models can be constructed fairly easily for 

physical systems, but not for complete biological, psycho­

logical and social system~, in which real system relation­

ships are obscure, the actual number of variables may not 

be known, and quantification poses a formidable problem. 

Modeling and simulation have an advantage for these systems 

however, in that they allow detachment of the observer from 

the system he is studying and therefore reduce personal 

bias. A model is mede necessary by the shear complexity of 

reality. It conveys not the whole truth about the real 

world, but a useful and comprehensible pa rt of it. 

2.(2). Systems Science 

A new approach, the so-called systems approach, is 

being considered in all areas of science. A system can be 

considered as an arbitrarily dema rcated section of the real 



Page 1'5 
Segment 

__________________ ,...a of 
( ~ Rea l 'Norld 

.,_ 

Ide a lization • 

1 
Conceptual Yode l I ___________ _ 

(Theore tical ~ode l)I 

Simplifica tion 
I' 

Direct Reasoning 
.{Verbal I•,bdel) 

Appraisa~ ·simplified Model --- - -------
-------- -------

H 
~ 

t; -µ:J ..,.. . 
...:; 
H 
0:: 
~ (/) 

Ma themat ization-------~----------,Transla tion 
~ 

Mathema tical System 
(Deter ministic or 
Stochastic Mode ls) 

Substantiation 
1t , 

Experimental Design 
(Scale or 

An.9.logue Models) 

Analogous Natural 
Circumstance · 

(Historical or 
Analogue Models) 

~ 1---l 
>< µ:J 

f'l:J§ ' Ma the::na tical 
~ ~~ Argumentat ion 

1---l 
C:X: ....:1 f 
O<i: 

I 

' I 
I 
I 

Experi me ntation l Observation ; 
I I 

~§ ·,Logical Ma them~t i c a 
:;i ~ I -0

7
' Conclusions 

~~ r~------~---~ 
rr:!Z H 
:.i::: E--, 
E-< <I; 

~ ~ -~heoretical 

f5~-i: .c: ti 1 Obs erved Natural.\ u~ erva ons1 R lt . esu s 

Statistical 
I nte r pretation _Reapplicati on [ ~nter pretation 

p-:; 
(:i:1' I J 

~ JConclusion~ s boutl~~1----~ 

I 

I 
H '----~~ I~ ... ->---.-~'.::._-------------1, t he re a 1 V/ or 1 d ,Ni_ii-------------' 

Figure 3. A model for models. 

(From Haggett, 1976 p.316) 

worJ.d which has some.'common functional connections. 

Because this approach has been used in a wide variety of • 

disciplines, people coming from different backgrounds and 

bases have interpreted the concepts in different, or even 

contradictory ways. In general terms the systems viewpoint 

means looking at situations, topics, and problems as a 

complex of interacting parts which can be divided into 

systems, sub-systems, and sub-sub-systems . Identification 

of these various systems leads to an exa!!lination of the 

relationship between them. Spe cifically the flows of 
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influences, energy or information among and within the 

systen involved and the routes t h ese take, can be studied. 

'Systems thinking and the systems approach is now a growth 

area' (Beishon & Feters, 1976, p.8). Ideas from this 

approach appear in different guises in cybernetics, systems 

engineering, general systems theory, operations research, 

systems analysis, computer systems, and many other fields. 

•As considered earlier, it seems we need a general 

appFOach to psychology to make sense of the great wealth of 

data that has been accumulated. DeGreene (1976) believes 

that systems theory provides such an approach. He states: 
1 This approach could serve as a launching point for a 

comprehensive theory of human behavior •.•• This theory must 

incorporate the input-throughput-output paradigm, and it 

must be expres~ibl~ in terms of the modification or 

processing of inputs, probably in terms of information 

processing' (De Greene, 1 976 , p .131') • He delineates two 

main ways of looking at systems, generalization across 

systems, and simulation. I have already considered 

simulation in some detail. As for generalization, it is a 

common basic principle of systems theory that different 

systems may have much in common. •rt is a striking phen­

omenon, the significance of which is hardly understood, 

that laws which are structurally identical or isomorphic 

apply to fundamentally different fields' (Von Bertalanffy, 

1951, p.305). 
DeGreene (1976) outlines some properties of systems. 

A system is usually in equilibrium, and such an equilibrium 

is dynamic, not static; there is evidence of change over 

time, in the form of growth or decay; one subsystem may 

play a dominant role in the behavior of the system, lead­

ing to dominance or centralization; many systems are open, 

exchanging informati6n, energy, or materials with their 

environment; and finally there is a process of different­

iation, the formation over time of new constituents from 

old. Reading these properties, one is struck by the 

similarity between . this conceptualization and Piaget 1 s 

interpretation of the child and his behavior. This point 

will be pursued in depth in a later section. 
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CHAPTER 3 

.MEI'HODOLOGY 

t. Computer Simulation 

We now need to consider the methodology of developing 

a simulation program. This could be divided into three 

broad basic steps. They are f i rstly, data collection, 

secondly 

finally, 

1 • ( 1 L . 

a development and programming of the model, and 

an analysis of the results. 

Data collection 

In the initial stage dealing with data c ollection, 

there are a number of aspects not dealing speci f ically with 

the gathering of data. We need initially to determine the 

objectives of the simulation. We commence by examining a 

particular behavioral process and making observations of 

the phenomena. The actual operating realities of the 

system need to be considered, through these initial phases. 

These are, the representation the Ss use of the environment, 

a description of the general categories of behavior, and an 

identificat'ion of the rules or heuristics which interact 

with the environmental representation to make up a 

behavi oral pr ocess. 

•If a computer program is to simulate human behavior, 

it must have available an environment to work upon' 

(Feldman, 1971, p.185 - 186). We could ascertain the nature 

of the environment either by examining the S 1 s references 

to it, or by generating an ide~l environment that we think 
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the S would requ ire to e nga8e in h i ~ behRvior. We need to 

consider the elements of the e nv ir onment t hat the S feels 

are relevant to his task. As well as this, we need to 

consider what labels the S attaches to them. Types of 

relationships that the S forms between the objects in the 

environment also need to be considered. As well as spatial, 

the temporal relationships need to be considered - that is, 

do relati onships between elements chang e over time? 

Secondly , we need to consider qualitatively different 

kinds of behavior that the S exhibits. These categories of 

behavi or can in general be described in terms of what the S 

says he is trying to do, i.e . his goals. These broad 

behavior pa tterns can define the fr a mework within which the 

specific information proce s sors are built. Not only 

observable a s pect s of behavior, but als o c ognitive behavior 

needs to be consid ered here. 

Fina lly, we need to try and establish what rules and 

heuristics the S u s es to operate on the inf orma tion he has 

received. This may require some work and consideration of 

a l a rge as pect of the S 1 s observed behavior. 

There are a number of possible methods of proceeding 

when we are faced with the problem of data gathering. Some 

researchers indicate a preference for gathering large 

quantities of data before sjmulation is attempted , others 

for after the model is developed. There is, of course, a 

need to use the data in a balanced way for information 

before the develo pment of the models and for verification 

afterwards. Overriding all this, the rese a rcher needs to 

be aware during the whole data collection process of the 

basic question of whether a complete and detailed (to the 

point of being operational) model is warranted and 

desirable~ 

1.(2). Developing and programming the model 

Constructing a model of complex thought processes 

involves the breakin~ down of these processes into simple 
~ -

elements. There are a considerable number of factors to 

be considered. Gullahorn and Gullahorn (1971, p.353) 
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state: 

In computer modeling, one must develop a symbolic 

representation of both the experimental situation and 

the theoretical system. Neither task is trivial. 

Researchers simulating human chess play, for example, 

must develop a means of representing the chessboard, 

the pieces, and the oper8ti ng rules concerning legal 

moves. As a seperate and additional prob lem, they must 

program hypotheses concerning human strategies in 

playing. 

The model initidlly can be designed conceptually, be­

ginning with a general verbal and mathematical description 

which leads to the conception of a flow chart, showing the 

logic of the interac ti ons and flow of information through 

the system. This flow chart need show only the elements 

and flows of interest. This production of a flow chart is 

a crucial part of the whole operation. 

Once t~e flow c~art has been constructed, we need to 

select a language and program the model. There are a 

number of criteria needed for the final choice of the 

programming language used (S Rmmet , 1969), including its 

availability on the computer used, its general form of 

construction, and its ease and use of interpretation, etc. 

Newell Rnd Simon (1971, p.154) describe the process as •try 

to write a computer program that you think· would i.simm.late 

the human protocol .•• realize the program on a computer, 

and determine what behavior path it would follow when 

confronted with the same problem as the human subjects.~ 

A model needs to actually operate because 1 there is no 

quarantee that a simulation model is logically sufficient 

or accurate until it has actually been impleMented 1 

(Starbuck and Dutton, , 1971, p.18). The process does not 

end with the initial programming as the program needs to be 

run, tested, and "debugged". 

There are two types of programs which can be construc­

ted. These are the descriptive, in which the objective is 

to state how behavior does occur given an internal criter-
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ion, and the prescriptive, in which the objective is to 

state what behavior should occur g iven an external 

criterion (Dutton and Briggs, 1971). 

At our present stage of knowledge, any model desc~lbed 

in a running program will have both psychological and 

nonpsychological processes. A psychological process can be 

considered to parallel the process used by Sin generating 

a certain output from a certain input. A nonpsychological 

process does not have this isomorphism. This is necessary 

because there are occasions when Eis unable to identify 

what the Sis doing, or even if this is possible sometimes 

lack of programming techniques make it dif ~icult or even 

impossible to model the desired process (Laughery and 

Gre gg, 1971). These processes hel p ''fill out" the model 

and need to be distinguished from the psychological 

processes. The nonpsychological processes indicate an 

area of attack to E, both in his understanding of Sand of 

programming in general. The overall goal of this model 

construction is expressed in this analogy by Newell and 

Simon (1971, p.154): 

To explain a behavior path by a pro gram is quite 

analogous to explaining the path of a planetary 

system by a system of differential equations. The 

differential equations predict what will happen next 

•.• as a function of the exact state 

of the system at the beginning of the interval. The 

program determines what the ~echanism will do next as 

a function of its exact state at the moment, this state 

being dependent in turn, on the previous history of 

the system and its current environment. 

1.(3). Analysis of results 

The final step in this process is to test the theory 

by computer simulation. The program is executed on a 

computer and the machine's performance is compared with the 

S 1 s performanoo. The E measures and analyses the outputs 

obtained from the simulation model. Results are often 

..I 
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verified by compa ring de ci sions mad e by a computer with 

those made human ly, g iven the s~me input data. In order to 

pr ov ide an adequate test, the behavior with which the 

computer output is c ompa red must, of course, be different 

fr om t he behavior whi ch served as the ba s is for the model's 

constru cti on. What actual de gree of isomorphism is required 

between the computer's and the S 1 s beha vior is still a 

ma t ter for debate. Such consid e r ations are beyond the scope 

of this paper, but they have b e en touched on briefly 

earlier (see page 11). 

Finally, as a result of this c ompa rison between the 

two types of behavior, the model is adjusted and recon­

structed to allow for any discrep8ncie s observed. This 

process is continued until t h e Eis sat i s fie d with the 

result (if ever). 

2. Systems Science 

There are many different a pproache s to a methodology 

for systems thinking to be fo und, pr ob ably almost as many 

as there are definitions of s y stems t hi nking itself. I 

sha ll try to present a reasonab ly ge neral account here, in 

a 'precise yet va gue' form (Checkland, 1976, p.51), which 

enables ideas and actions to emerge, but which does not 

reduce to no more than a technique. Many approaches concen­

trate on an initial generation of a large number of alter­

native descriptions of the system, which is followed by a 

decision on the most a ppropriate based on the criteria of 

the objectives and the need the system is to fulfil. Even 

within a single objective, many alterna tives are possible, 

so other factors for making a decision need to be taken into 

account ·~ Jenkins ( 1976) gives an a pproach which emerges 

from his definition of a system as a c omplex grouping of 

components for which there is an overall objective. He 

selects the system which will solve the problem, places it 

in a systems hierarchy and defines the required objectives. 

This chosen system is desi gned, implemented and then re­

appraised in operation. 

Checkland (1976) gives a nine-stage structure to a 
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systems methodology. This is presented in Figure 4. Only 

the first four sta v, es are of direct rel e vance to our needs 

and will be consid e red in more detail. The remaining 

stages are more concerned with the use of the methodology 

in the solving of real world problems (e. g . mana 7,ernent) and 

shall only be looked at briefly. 

1. PROBLEM SITUATION 

i 
2 . ANALYSIS 

t 
3. ROOT DEFINITION OF 

RELEVANT SYSTEMS 

4 /4NCEPTU!LISATION 

FURTHER«~ i 
SYSTEMS 5 COMPARISON 
THINKING t 

6. DEFIN ITION 

i 
7. SELECTION 

i 
8. DESIGN 

i 
9 . IMPLEMENTATION 

(non systemic: analysis of 
what exists at present in 
the problem situation) 

(of systems to fulfil 
the roles embodied 
in 3.) 

(between 2 . and 4.) 

(of a range of possible 
changes) 

(of a desired. agreed-to­
be- feasible change) 

(of the agreed change­
it may or may not be 
a complete system) 

(of agreed change) 

Figure 4. Systems s cience methodology. 

(From Checkland, 1976, p.61) 

2 .. (2 )". Analysis 

The initial phase in the resolution of the problem 

situation is an analysis of it, a findin g out of wha t 

actually exists at present. The situation is viewed as a 

hierarchy of systems. We try to build up a rich picture 

of the situation through three main aspects, structure, 

process and "climate". The structure is explained in terms 

of the actual physical design, the hierarchy developed, 

reporting structures, and patterns of communication. The 

processes are concerned with the basic activities, which 
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could be considered as p lanning , implementation, monitor­

ing the effectiveness and external effects, and correcting 

deviations. The "climate" is the rela tionship b e tween the 

str 0cture and the process . ~igure 5 outline s the guide­

lines fo r an analysis of the problem situation. 

• Physical 
• Hierarchical 

• Reporting 
• Communicating 

Environment(s) . Wider Systems 

What is the relation 
between 'structure' 
and 'process·? 

what is the 'climate'? 

• Planning 
• Operating 
• Monitoring and 

Controlling 

[_ ---- -- --

2.(2). 

Figure 5. Guidelines for an analysis of the 

problem situa~ion. (Chec k land, 1976, p.62) 

Root definition of relevant systems 

The root definition indicates the basic nature of the 

system or systems t hough t to be of relevance. It can be 

considered as a conde nsed representation of the system in 

its most fundamental form. It is only a part out of a 



Pa ge 24 
r a nge of possibilities and c a n never be considered to be 

fina lly "corre ct". During the considerat ion of the problem 

2ituati on, it rnay be worthwhile exploring the limitations 

of several root definitions. An example for a human 

system may be as an ''information proce ssing system", which 

leads to c onsiderable implicAtions . It is not the only 

root definition however. Something analogous to "self­

actualizing syster.is 11 (Maslow, 1967, 1'970) may also be 

posited, leading to different, but no le ss important, 

implications. 

2.(3). Conceptualiza t i on 

This leads into the actual building of conceptual 

models of the s y stem which are relevant to the problem 

situa tion and for which root definitions have been derived. 

Something needs to be created which can be compared with 

the picture built up in the earlier analysis phase. This 

should be as ob jective a p icture as possible of what is 

implied by the root definition. A way of building the 

model then needs to develop, perhaps b y assembling the 

minimum number of activites required in a correct sequence. 

This model is then compared wi th a more formal system (if 

available) to ensure that t h e conceptualization is not 

deficient in some basic aspects. 

2. <4) • Comparison and definition of possible changes -- ------- --
A comparison may be performed at any number of levels 

between the conceptualization and what actually exists in 

the problem situation. It is done to reveal possible 

changes leading to an "improvement" of the problem situat­

ion. These '. chang es are then.defined and then certain are 

selected as being necessary and feasible. 

2.(S). Design and implementation 

De s ign refers here to the cre a tion of some modific­

ation within the system, which is then implemented. 
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2.(6). Appraisal 

Checkland describes this as 'a dignified way of 

saying "Sta rt Aga in" '(1976:, p.72). It emphasises the 

fact tha t the whole methodology is flexible and subject to 

continual assessment and change. Nothing should be 

considered as being in its "final form". More sophisticated 

root definitions and/or conceptualizati ons may emerge, 

resulting in a reconsideration of the problem. A summary 

of the whole methodological approach can be found in 

Figure 6. 

:::-

:::-

j 

j~ 

~ 

J 

• -

1. ANALYSIS 

1.1 Examine the problem situation.and collect 
candidates for the role "the problem". 

1. 2 Analyse the problem situation. 
(Structure, Process, Relationship between 
them.) 

2. ROOT DEFINITION OF RELEVANT SYSTEMS 

2 .1 Formulate root definitions of relevant 
systems. 

3. CONCEPTUALISATION 

3.1 Assemble the minimum necessary 
activities in the system (s) 2.1. hence build 
conceptual models. 

3. 2 Use the 'formal system' concept and/or 
other systems thinking to finalize the 
conceptualisation (s) . 

4. COMPARISON AND DEFINITION 

4.1 Make a formal comparison between the 
results of 1. and 3. 

4.2 From"the results of 4.1 define a range 
of possible changes . 

5. SELECTION 

5.1 Select, with relevant actors in the 
problem situation, or get them to select, 
a relevant feasible change required to 
improve the situation in 1.2. 

6. DESIGN AND IMPLEMENTATION 

6.1 Design whatever is necessary for the 
implementation of the change selected. 

7. APPRAISAL 

Figure 6. A summary of the systems methodology. 

(From Checkland, 1976, p . 73) 
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). Single Subject Performance Mod e ls 

I now wish to look at a particular methodology for 

constructing performance models for sing le subjects. When 

the Sis confronted with a certa in situation, it is assumed 

that he deals with that situation by moving through a finite 

set of states of knowled ge towards a predetermined goal. 

In order to move through this set of states of knowledge, 

the S sets certain goals and applies operators to reach 

those goals. At any point the choice of what to do next 

is dependent on the sis production system. The basic 

element of this system is the production. 

Each production can be considered as a rule which has 

two parts, a condition part (C), and an action part {A). 
The rules are written in the form C--t-A. The condition 

part refers to symbols in the short-term memory {STM) that 

represent goals and knowledge elements existing in the S 1 s 

knowledge state (Klahr & Wallace, 1976). The condition 

part is evaluated by tests that can be applied to t he 

states of knowledge. The ri gh t hand side of the expression 

is the action part, which is a set sequence of one or more 

operators. These operators consist of transformations on 

the STM, including the generation, interruption, and 

satisfaction of goals, the modification of existing elements, 

and the addition of new elements. The condition side of a 

production can be considered as a pattern of conditions of 

evocation, which when matched, evoke the appropriate action 

component. 

The system operates in the control structure where 

each production is considered in turn. The current state 

of knowledge is matched against the pattern on the left 

side of the C----.A pair (the production). If the condition 

is satisfied for the current state, then the associated 

action on the right side is then evoked and performed, 

which transforms t he state of knowledge by some change 

which occurs in immediate memory. The process then begins 

anew at the top by trying to match each new state of 

knowledge with the first c~A pair, and the process 

continues. If no condition is satisfied, the processing 
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terminates unless some new informati on is obtained. The 

immediate memory has a goal stack as well as a collection 

of elementary assertions about symbols. Knowledge of 

paths followed and knowledge states to which return is 

possible are not represented. Khlar (1973, p.152) has 

described the simple operation of t h e system through a 

series of rules. This is presented in Figure 7 in the 

form of a f l owchart. 

Start 

Symbols _____ Change 
in STM in STM 

Production 
Condition 

Figure 7. Operating rules of a production system. 

(Created from information in Klahr (1973) and Klahr & 

Wallace (1976) ) 

It is important to note the hierarchical nature of 

· the processes. As the system works through a series of 
' ' 

production rules in turn, a hierarchy develops within the 

model. The importance of this type of hierarchy is that 

it is not fixed in advance, but grows in response to the 

interplay with the environment, and shows some of the 
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flexibility and transferability that seems to characterize 

human h igher mental processes. 

An ordered set of these productions put together is 

called a production system. In actual use a model is 

posed in the form of a production system. The system 
1 forms a complete process if it is iteratively applied to 

each new knowled[.e state that is generated by this action' 

(Waterman & Newell, 1971, p.289). The model is written 

as a series of condi t ional statements each expressing what 

to do under specified conditions. The act of executing 

the various tests on these productions is implicit. In any 

case where more than one condition i s true, the one higher 

in the list takes priority (Newell & Simon, 1972). The 

model is used to predict 1 which operators are to be 

performed at each s tep, hence what knowledge state is to 

be attained at each step, and thus what things relevant to 

the task can be exhibited by the subject at each point' 

(Newell, 1973a, p.33). Production systems constitute a 

family of computational and logi cal systems much studied in 

computer science (see Minsky, 1967; Hopcraft & Ullman, 

1969). Members differ considerably in the details of the 

conditions, actions, control structures and the data types 

on which they work. Concepts equivalent to production 

systems occur in symbolic logic (Post, t943) ___ and linguistics 

(Chomsky, 1957) • 

The exact size of the production system does not seem 

to be an important descriptive parameter. It is certainly 

important that it be small enough to allow it to be 

discovered and analyzed. However, additional productions 

come into use and into view with every new aspect of 

significant variety in the task environment. The point at 

which analysis stops is dictated by the frequency with 

which particular productions are evoked. The S undoubtedly 

has other productions in lobg term memory (LTM) which are 

not always evoked when he is concerned with a particular 

problem space. A relatively small production system is 

permitted by closure of the problem space. This closure 

occurs by restricting the area considered to one specific 

task or aspect of behavior. 
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It is worth mak ing the point here t ~a t, in addition to 

considering production s y stems as a methodologv for 

constructing information-processing models of human 

behavior, Newell and Simon (1972) also consider the concept 

of production systems as a theory of the actual structure 

of the human information-processor. They state (1972, 

pp .803 - 804): 

We confess to a strong premonition that the 

actual organization of human programs closely 

resembles the production system orGanization •••• 

We cannot yet Prove the correctness of thi• judgement, 

and we suspect that the ultima te verification may 

depend on this organization's proving relatively 

satisfactory 5n many different small ways, no one of 

them decisive. 

In support of th:s claim they outline a number of features, 

some of which are b ri efly summPrized below. The full set 

with detailed explanations can be found in Newell and 

Simon ( 1972, pp. 8011- - 806) • The features include: the 

information about an information processing system (IPS) 

encoded in a production system is homogeneous; each 

production is independent; a production has a strong 

stimulus-response flavor; productions seem to represent 

meaningful components of a total psychological process and 

not just odd fragments; the working memory for a production 

system is the STM which fits the functional definition; 

a production system may offer a viable model of the LTM. 

Of importance during the development of a model is 

the choice of language that is used to report the model 

under consideration. While Klahr ~md Wallace (1976) 

state their models in the language PSG (created by Newell, 

1972), it is worth noting that this is not the only 

representation for stating production systems and that 

even a specific language such as PSG allows wide latitude 

for t½e final configuration of specific assumptions about 

the human IPS. Two recent studies of the development of 

seriation skills in young children hP.ve used production 
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systems in quite distinct forms. Bo th Young (1973, in 

Klahr & Wallace, 1976) and Baylor and Gascon (1974) 

(considered in more detail in Part II) used production 

systems to model different levels of performance on 

seriation tasks; Baylor and Gascon developed a production 

system language specifically desi gned for seriation 

models {Ga scon & Baylor, 1973). Both of these approaches 

are reviewed by Klahr (1976). A paper by Newell (1973b) 

provides a basic introduction to production systems and to 

the use of PSG, as wel l as showing a fairly complete 

production system model of the menta l scanning work of 

Sternberg (1970). An extensive general treatment of 

production systems, independent of any programming 

langu age, can be found in Newell and Simon (1972). Yet 

another production system representation and language is 

utilized by Waterman's (1974) adaptive production systems. 

The production system format seems to h Rve developed 

as the pre fe rred form for specifying an information­

processing system. Newell and Simon (1972) have 

considered t his forma t as one of the most important 

features of the informa tion-processing a pproach to 

p sych ology s ince its inc Aption in t~e early 1950 1 s. 

4. Conclusion 

The three areas we have considered show some overlap 

of concepts and approaches. In particular, the represent­

ation of the environment ,by Ss discussed in the computer 

simulation section, a nd the problem s pace of the single 

subject performa nce models may have rather a lot in common. 

It also may well be t h at the simple elements discussed in 

the former section have been identified as the productions 

of the latter section. Other points need to be made. In 

the systems science approach the need for a large number 

of a ?proaches to be considered gives a direction to any 

specific experimental research, with a view to determining 

which behavior is t h e most i somorphi c with the actual 

behavior being studied. At a more basic l~vel, any number 
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of root definiti ons (see page 23) can be posited for man, 

and it is here tha t his c o~plexity lies, as any on~ of 

them may give some indication of his nature, but none on 

their own could be considered as a complete description. 

On a more immediately useful level, it may well turn out 

that a system which involves production rules will have 

within it a hierarchy of sub s ystems, with some higher 

order productions leading to whole production subsystems 

which are introduced and executed whenever a particular 

environment or type of information is recieved. 

When Piaget's so-called clinical method is considered 

more closely, there is some similarity between his 

careful and extensive exploring of a Ss thought processes 

and the intensive studies undertak en when one S 1 s behavior 

is recorded and simulated through the use of information­

processing models. Piaget developed his clinical method 

from his work at the Binet laboratory in Paris when he 

decided it was useful for the study of though t. His work 

is structured in order to isolate variables of thought 

processes, aiming to learn precisely how one individual 

thinks about any one problem. Having gathered all the 

information he can from one individual, he relates his 

findings to his theoretical structure. The clinical method 

can be considered as a general _framework for questioning 

the S, which allows for flexibility in the way the E 

questions the Sin order to determine what the Sis 

thinking. This questioning is very delicate and subject 

to several kinds of error. The E may talk too much and 

thereby suggest answers to the child. Or, the E may not 

talk enough and fail to pose the questions necessary for 

determining the child's meaning. As well as this, many 

non-verbal tests need to be incorporated into the interview 

to allow for the child's non-verbal thinking. Any verbal 

work required always refers to actual concrete objects that 

the S has before him, or answers may be obtained in the 

form of manipulations of these concrete objects. Braine 

(1962) has critized Pia get's clinical method as being too 

verbal and therefore inadequate. However, mRny of Piaget's 
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earlier tentative findings have been substantiated in more 

carefully controlled experiments. 'Piaget proceeds with 

the assumption that a detailed investigation of any small 

sample of a species will yield basic information inherent 

to all members of that species' (Maier, 1965, p.82), and 

it would appear that this assumption has been validated. 

Piaget has explicated his eclectic methods of research 

and theory construction. He propos e s two essential 

approaches, much akin to those utilized in the nuclear 

sciences (Piaget, 1954). They are, firstly, the step-by­

step analysis based upon an investiga tion of cause and 

effect, which forms a network characterized by hierarchical 

relationships and combined connections; and secondly, the 

analysis of implications by considering both the field as 

a whole and the coordination of its parts. In mathematics 

this is comparable to the group, and in logic, to the 

propositional operation. Emperical investigations and the 

inductive mode of reasoning is akin to the first approach, 

while reasoning by logic and constructing hypotheses by 

deduction is simila r to the second. Symbolic logic, Piaget 

stresses, can be applied scientifically as a research tool 

as can the more commonly used sta tistical techniques. 

Piaget 1 s c oncentration on specific aspects of the 

child's development at different times can be considered in 

terms of the closure of the problem space (e.g. conservation, 

seriation, classification, etc.). Withi n each of these 

spaces, he has intensively and fairly exhaustively examined 

the p r ocess and its parameters. Researchers working on an 

information-processing explanation of the processes also 

tend to concentrate on one problem space. Baylor's studies ... --
with others looked at seriation (Baylor and Gaspon, 1974; 
Baylor & Lemoyne, 1975); and Klahr and Wallace's looked at 

conservation (Klahr & Wallace, 1970, 1973). 
Finally, it would be of some value if a single computer 

language could be devised which would enable researchers to 

present their diverse models in a single format, with a view 

to some form of integration of the s e problem spaces. A lot 

of fundamental questions, such as the representation used 
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by the Ss in solvine these proble~ spaces would need to be 

answered however before much a Breement on a common language 

could be reached. Boulding 1 s (1956) conception of the 

''image" as the base that behavior is dependent on may be a 

useful focussing tool for the problem . The constructing 

of such a language may well be another focussing tool for 

looking more closely at the whole range of human be~avior 

and describing it in more explicit terms. 



PART II 

THE PERFORMANCE MODELS OF 
A NUMBER OF INDIVIDUAL SUBJECTS 
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CHAPTER 4 

EXPERI MENTAL STUDIES: PIAGET I S WORK 

The groupings of log ical ope rations are important 

structures in Piagetian theory - they are t h e structural 

centerpiece of the concrete-ope r a tional period. Piaget 

asserts that these logico-mathema tical structures are 

intended to model thought structures • . Unfortunately Piaget 

does not give any explicit explanation of exactly how these 

structures cqn come to be translated into actual human 

behavior. Most researchers seem to bypass the model when 

it comes to a ctua 1 expe r.imenta 1 approaches. 1 When, however, 

one looks at a child's actual performance on one of Piaget's 

tasks, the structural (logical) descriptions turn out to be 

of little use in acc ounting f or the detailed sequence of 

steps the child goes through in doing the task, whether he 

solves it correctly or not 1 (Baylor & Gascon, 1974, p.2). 

Flavell considers the structural model as a 'general 

context or frame of reference for looking at behavior, 

rather than a precise and detailed statement of model-to­

behavior isomorphisms' (1963, p.189). There appears to be 

three main purposes in Pia get's grouping s (Flavell, 1963, 

p.190). They are firstly a precise structural description 

of "ideal" cognition in certain logical operations, secondly . 
they form a framework for considering global qualities of 

the pre-operational stage, and thirdly they can be used to 
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investi gate mor e s pe cific int e ll e ctual attainments. 

1. Grouping V 
In this discussion, I shall look s p ecifically at 

Grouping V (addition of assymmetrical relations), of v1hich 

the core operation is seriation. Grouping Vis concerned 

with asyrrunetrical relations, in which some ordering occurs. 

This order is transitive (i.e. A< Band B < C implies 

A ( C), and occurs in a specific direction (i.e. A ( B/f 
A) B). The important Rspects of this grouping may be set 

out formally as follows ( f rom Pi age t, 19~9): 

Let O, A, B, C, D •.• be a coll e ction of entities. 

Let.___.. be a transitive asym..~etrical relation. 

Let a, a', b 1 , c 1 ••• label t h e ordered differences 

indicated b y --.. • 

We can therefore form a series: 

0 ~ A ~ B ~ C ~ D 

---b_-,. 

-----c----+ 

-------d----+ 

. . . . . 

The series has the following properties: 

1. Transitivity 

e.g. (O~A) + (A~B) - (0 -£..B) 

2. Comp osition (closure) 

e.g. (0 -4 A) + (A~ B) + (B ~ C) = (o ....£...+c) 

J. Associativity 

eog. (a+ a 1 ) + b 1 =a+ (a 1 + b 1 ) 

4. Special Identities 

a. tautology a+ a= a 

b. resorption a+ b = b 

5. Reversibility 

The inverse of an ordered difference relation 

(A ~B) is the reci pro cal (B -~A). 
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6. General Identity - equivalence relation 

e.g. 

2. Char&cteristics of Stages 

Piaget (1977) outlines a series of levels in the dev­

elopment of the ability to seriate. Level I is divided 

into three sections. At level IA(i), the child simply 

arranges the objects in twos (e.g. one big and one small) 

and cannot coordinate the pairs. ~At level IA(ii), the 
same thing occurs but in t~r P. es or fours instead of twos. 

Level IB results in construction of the series but only 

after considerable trial and error and subs equent correct­

ions. A child however at level IIA manages the series 

immediately by looking for the smallest (or largest) of the 

elements, then the smallest (or largest) of the remainder, 

and so on. 

Piaget (1977) distinguishes between t~e child's action 

in perforning the behavior, and the child 1 s conceptualiz­

ation of it. For Piaget the action precedes the concep­

tualization, or at b e st they proceed simultaneously. The 

child's consciousness (cognizance, in Piaget's terminology} 

of his concept ,~_alization becomes progressively more devel­

oped. In level IA this amounts to an awareness of dichot­

omies (big and little) and trichotomies (big, middle and 

little), which remain at the sarne level as the actual 

action, and which in the early sta~es amount to arranging 

in pairs and later arranging in threes and fours. At this 

stage the specific actions dominate, and the child's 

attention is concentrated on the results of the action. 

At level IB, the child 1 s conceptualization is at the 

level of "labelling". This relates to the particulnr 

individual objects without any explanation of the 

relationships among them, or coordina tion of specific 

actions. The child is likely to use such labels as "a 

big-middle sized one" etc. Actions at this level usually 

result in the construction of an actual series, but only 

after trial and error, that is, when the child actually 

sees his mistake. 
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At leve l IIB, the coordination bet~een the actions 

domina t e, and the child uses a systema t ic method to 

complete the series. The child must simu ltaneously select 

elements smaller than the preceding one, and large r than 

the followi ng one, or vice versa. The child's concept­

ualizati on now includes the rel a tionship between the 

actions, with considerat i on be in g paid to internal and 

central mechanisms, to the c oord ina tions themselves. 

3. Piaget's Work 

The number of available studies in the area of 

seriation seem to be relatively s ma ll (Mod ~il, 1974 ; 
Modgil & Modgil, 1976). The Geneva studies have 

demonstrated that children below t h e age of four or five 

do not have the concept of seriation even when presented 

with a s mall number of obj e cts. Piaget and Szeminska 

(1941, in Inhe lder and Piaget, 1964) studied the develop­

me nt of l ength seriation initially a nd f ound the stages 

outlined a bove . (See also Pi age t, 1952 ). They used ten 

small rods with othe rs added later for insertion in the 

original serieso Inhelder and Piaget state that 'children 

do not use the configuration of the whole until a 

comparatively late age' (1964, p.24,8). Younger children 

(5 to 7 years) need to c ompa re two differences by 

measuring one pair a gainst the other. Older children 

(9 to 1'0 yea rs) can tell at once whether the differences 

are equal or unequal by taking the configuration of the 

s eries int o account (i.e. whether the differences are 

equal, or if there is s ome relationshi p between each 

member of the series, resulting in either a positively 

or negatively accelerating parabola across the top of the 

sticks). Inhelder and Piaget (1964) also c onsider the 

difference between visual and tactile perception of the 

objects to be seriated. They found no great difference 

between the two modes of presentation. The other major 

area they considered was that of obt a ining the children's 

"anticipa ti ons'' of wha t the series would be like, before 

actually constructing it, by drawing the expected series. 
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There ~ere three p ossible res ponses. Firstly, failure 

in anticipation, secondly a global anticipation, in which 

there was a correct pencil drawine or a correct s eriation 

of size in a coloured drawing , but there was no corres­

pondence between the colours drawn and that of the real 

objects. Pinally, an analytic anticipation was obtained, 

in which there was an exact correspondence of colours and 

sizes of the drawing and the objects, and a correct 

seriation of the drawing siz e s. The results obtained are 

presented in Figure 8, which is drawn from results 

published in Inhelder and Piaget (1964)0 
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Figure 8. Antici·p~-tion and performance in- ; ·eri~ti~~ 

{Constructed from data in Inhelder & Piaget, 1964, p.253) / 

A - Failure in anticipation. 

,_ - -- ·-

C - Global anticipation. 

E Analytic anticipation. 

B - Failure in seriation. 
D - Success by trial and error. 

F - Operational seriation. 
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Piaget 's solution to the apparent paradox of the child 

being able to anticipat e the scrintion before being able to 

perform it is quite simple. An actual performance of 

seriation implies reversibility - the S must be able to 

realize that, for example, an element Eis longer than the 

elements already in the series (D, C) at t~e same time as 

it is shorb'l r than the element s r eJ'Yiaining (P, G). When 

draw i ng a ch ild needs only to conside r one direction of the 

size variable, and does n ot have to c ompare pairs . 1 The 

relation he imp oses is one-directiona l and therefore 

irreversible. The antici pa tion express ed in these drawings 

is :an incomplete anticipatory schema because it is pre­

operati6nal' (Inhelder and Piaget, 1964, p.257). It would 

appear that these anticipations are a different phenomena 

to the conceptualization (discussed earlier), which appears 

to follow the development of actiono 
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CHAPTE~ 5 

EXPERIMENTAL STUDIES: LENGTH S F.RIA'l' ION 

One of the earliest non-Fiagetian studies of length 

seriation was that of Braine (1959), which included an 

experiment on transitivity of length using a largely non­

verbal testing procedure. The Ss were rewarded with aandy 

for correctly choosing the longer (or shorter) of two 

uprights. After observing that A) Band B) C, they were 

tested .for their ability to infer that A) C, where the 

di.fference was imperceptible. Braine (1959) in this way 

distinguished between the use of perception (i.e. can see 

A ) C) and the use of inference (i.e. A ) B and B) C implies 

A) C) in reaching a decision. This procedure resulted in 

eliciting transitive inferences at considerably earlier ages 

than Piaget had shown. Braine (1959, p.5) states that 

'Piaget's diagnosis of a child's ability to perform the 

inferences basic to measurement is based entirely on his 

measuring beha~ior •••• It seems ..• that a child's 

measuring behavior may reflect his knowledge of measuring 

technique as much as it does his ability to reason 

logically about length.' 

The monograph however has an 'importance far beyond its 

immediate ' empirical contributions' (Flavell, 1963, p.J88n). 

Many of Piaget's tasks seem to demand a higher level of 

verbal comprehension by the child than the level of con-
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ceptual understanding they are designed to measure. The 

child sometimes needs an understanding of c ertain words to 

accomplish the task, which he may not have. Braine argues 

that Piaget may frequently underestimate the child 1 s basic 

intellectual capacities by u s ing assessment techniques 

which do not differentiate between these capacities and 

associated verbal abilities, and which fail to ensure an 

adequate motivation to perform. 

Smedslund (1963) believed that Braine 1 s study had a 

number of weaknesses because he f Piled to eliminate impor­

tant variables of nontransitive hypotheses, which lead to 

equivocal findings. Smedslund attempted to eliminate these 

methodolog ical weaknesses and concluded that his data 

supports Piaget 1 s original findings against Braine 1 s. 

Braine (196h) argued a ga i nst this criticism by pointing out 

some of Smedslund 1 s (1963) methodological weaknesses invol­

ving the Ss task requirements. Smedslund used the Muller­

Lyer illusion in ½is study and Braine argues that the study 

'must be reinterpreted as a determinination of the appro~im­

ate age at which children will, in a particular set of cir­

cumstances involving measurement, spontaneously interpret the 

question "Which is longer?" as a question of real rather than 

apparent length 1 (Braine, 1964, p .801). In Smedslund I s ( 1965) 
reply to these criticisms it was generally agreed by both 

writers that the data obtained was ambigious and needed up­

dating. Some clarification of the development of transit­

ivity was needed as this is an important component in the 

development of successful seriation behavior. 

An attempt was made by Siegel (1972) to establish that 

children as young as three years can manipulate the concept 

of seriation when the verbal requirements of the task are 

minimized. This study was a natural extension of her 

previous study (Siegel, 1971), which also explored the con­

cepts of seriation, with a minimum amount of verbal instr­

uction being involved. In this study Siegel remarks that 

the full understanding of ordinal position precedes a full 

comprehension of seriation. 1 The understanding of the 

concept of addition develops later than the concepts of 
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seria ti on and ordination 1 {Sie g e 1, 1971 , p. 357) • Siegel's 

(T972) study was defined as a study of 'the child 1 s ability 

to learn to choose a particular position, for example, 

smallest, in a two, three, or four object series' (1972, 

p.135). The results overall indicated t~at the end positions 

of the series were significantly easier to identify than the 

inner positions. She also claimed that children of three 

years of age can learn a seriation task when the verbal 

requirements of the task are minimized. When the children 

were asked to identify the middle member of a set of three 

or the next smallest of a set of four, there was a marked 

increase in the failure rate. It should be pointed out that 

Siegel used at the most four objects and Inhelder and 

Piaget (1964) report that at age four, 47% of the Ss were 

capable of small uncoordinated series of up to three or four 

in length. This would seem to indicate that in actual fact 

Siegel's results confirm Inhelder and Piaget's findings and 

that t~e main difficulty seemed to be in different concep­

tions of what was meant by seriation. 

Gollin, Moody and Schadler (197~) argued that Siegel's 

(1972) tasks were relational learning tasks in that solution 

of the problem required an understRnding of the size relat­

ionships among the whole population of nine possible 

members from which Sjegel drew her sets of two, three and 

four members. They set out to determine if young children 

could learn to select reliably the appropriate cue provided 

that they were asked to p oint to t~e smallest member of a 

given set. They conclude: 1 The solution of relational 

size problems in the context of ordinal series was facilit­

ated when children were directed to locate a terminal 

member (the smallest) of the series. In contrast, ~ubjects 

who were instructed to locate a non-terminal member without 

prior designation of a terminal member were unable to 

achieve solution of the problem' (Gollin, Moody & Schadler, 

1974' p. 101i) • 
This brief look at a specific series of controversies 

in the length seriation literature indicates the large 

number of confused variables and Methodological errors that 
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have lead to a large part of the disa greement. The method­

ological considerations wh~ch have been touched on here 

include the use of non-verbal directions and an adequate 

motivation to perform. The concept of transitivity needs 

to be separated from seriation itself, and this is perhaps 

best obtained by the variation of the size of the series. 

The effect of the size of the series also needs to be 

investigated as a factor on its own. Another area of inter­

est is the effect of using the location of a terminal member 

as an aid to subsequent seria ti on. Sinha and Walkerdine 

(1978) report some interesting results using different 

approaches to Piagetian-type studies, particularly in the 

areas of nonverbal directions and motivati_on, which they 

feel are more in l i ne with the child's approach to the 

problem situation. A systematic study with these consid­

erations in mind needs to be designed and run to give some 

clarity to this whole area. 
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CHAPTER 6 

EXPERIMENTAL STUDIES: WEI G~T SERIATION 

The studies outlined in the previous chapter have 

considered seriation of length. O'Reilly and Steger (1970) 

used weight seriation to inv e~.ti ga te the child's ability 

to perform judgemen ts in context, in the presence of an 

anchor. Their results demonstrate t ha t the ability to 

seriate along a stimulus dimension was linked to the 

ability to utilize a frame of reference. This would be in 

agreement with Gollin, Moody and Schadler's (1974) study 

(cited earlier), where locating the end member of a series 

could be considered as utilizing a frame of reference. 

Smedslund 1 s (1963a) suggestion t ha t seriation facilitates 

transitivity was supported by 0 1 Reilly and Steger (1970) 

since their anchor-type method demanded seriation. 

However Smedslund (1963a) re p orted t ha t in genera l none of 

his Ss, a ge d 5 to 7 years, forme d rela tive judge ments of 

the weights he us Ad. This was not the case in 0 1Reilly and 

Steger's (1970) study for the Ss could not only order the 

weights but shifted their whole order of judgement when 
> 

given an anchor. Wadsworth ( 1:971 ) reports that length 

seriation occurs first, around age 7, and weight seriation 

occurs later, at around age 9. This contention was 

questioned by 0 1 Reilly and Steger, who found that children 

of age six and above could or der the weights. My own 
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experiments have certainly found children of age eight 

c~pable of at least Level IIB behavior (see Chapte~ 7), 
that is, seriation. 

Baylor's Studies 

Baylor and Gascon (1974) outline an information 

processing model of the behavior of children in weight 

seriation tasks. They di vid'ed ; "the development into three 

stages, with labelling different from that employed by 

Piaget (see earlier section). In general Stage 1 refers to 
Piaget•s level IA(i), Stage 2 refers to level IA(ii), and 

8tage 3 appears to refer to both level IB and level IIA. 
I shall consider Baylor and Gascon's approach in some 

detail, as it throws light on both the use of an information 

processing a pproach to t~eory construction, and a detailed 

understanding of the development of a child's seriation 

behavioro 

11 • Stage .1_ 

Stage 1 in the development of seriation behavior;~ ~ 

referred to as the "juxtaposition of couples". Children at 

this level t ypically weigh two blocks at a time and place 

each ordered pair side by side in their final position. The 

level is further divided into stages 1A and 1B. In stage 1A, 
a child given an odd number of blocks will place the final 

single block on the balance and weigh it by itself. In 

stage 1B, the child -anticipates the consequences of placing 

the block on the balance but does not in fact do so. At 

both levels, the result of the action is to place this 

final block in the "most heavy" position in the series con­

structed. 

The base strategy for this stage as outlined by Baylor 

and Gascon (1974) is presented in Figure 9~ The base 

strategy is outlined as a series of goals. The top goal is 

of course SERIATE . There are two subgoals . The level 2 

("lower") goal is WEIGH . This leads to the level 1 goal , 

FINDHFAVYLIGHT and is satisfied when the child removes the 

weights from the balance. The starred bracket,~[, 
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indicates that t h is section of t h e bas e strateg y is 

repeated as ma ny times as is necess a ry to complete the 

SERIATE goal. 

SERIATE 

FINDHEAVYLIGHT 
-VvEIGH 
-SATISFIED WEIGH 

SATISFIED FINDHEAVYLIGHT 
SATISFIED SERIATE 

Figure 9o Base strategy for Stage 1 weight-seriation 

behavior. (Baylor and Gascon, 1974, p.8) 

The production rules (see page 26) required to trans­

late this base strategy into actual behavior are presented 

in Figure 10. The first two rules apply when the SERIATE 
goal is active (P1 initiates activity and P2 terminates it). 

The next thre e rules apply when the FINDHE~VYLIGFT goal is 

active. P3 places a block on the balance when there is 

none there, P4 moves a single block to the heavy end of the 

series (occurs when the child weighs one block by itself), 

and P5 moves the ,heavy block followed by the light block, 

when the two blocks have been weighed. The rules P6 and 

P7 occur when the WEIGH goal is active. They both enable 

blocks to be moved to the ba lance, either two blocks (P6), 
or one block when only one remains (P?). 

These seven rules apply specifically for Stage 1A 

behavior. The final two rules in Fi gure 2 (P8 and P1 1 ) are 

necessary when considering Stage 1B. P8 considers the 

effect of an SERIATE goal when there is only one block left. 

This enables the child to place the last block directly in 

the heaviest position of the series without weighing it. 

This rule results in rule P1 being changed to the form of 

rule P1 1 • Baylor and Gascon state that this set of 

production rules •simulates perfectly the details of an 

actual ••• protocol' (1974, p.18). The model would there­

fore appear to be a valid one of the seriation behavior of 
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a Stage 1 child. While it may m, del external behavior, 

modelling of the S 1 s understanding and more "internal" 

levels of the information proce ssing mechan ism is not as 

like ly. See pRge 11 for a discussion of the different 

levels of simulation. 

P1 SERIATE 

(PO > 0) ~ (SEr-GOAL FINDHEAVYLIGHT) 

P2 SEiUATE 
( PO = 0) 9 (SATIS F'IED SERI ATE) 

PJ FINDREA VYLIGHT 
( PB = 0) ~ (SET-GOAL WEIGH ) 

P4 .. ?INDHF.A VYLIGHT 
( PB = 1 ) ~ (MOVE PB HEA VY TO PF RIGHT) 

(SATISFIED FINDHEAVYLIGHT) 

P5 FINDHEAVYLIGHT 
(PB = 2) =} (MOVE PB HEAVY THEN PB LIGHT TO PF RIGHT ) 

(SATISFIED FINDHEAVYLIGHT ) 

P6 WEI GH 
(PO ) 1) ~ (MOVE PO RIGHT THEN PO RIGHT TO PB) 

(SATISFIED WEI GH) 

P7 WEIGH 
(PO= 1) 9 (MOVE PO RIGHT TO PB) 

(SATISFIED WEIGH ) 

Pt, SERIATE 

(PO ) 1) ~ (S ET -GOAL FINDHEAVYLIGHT) 

P8 SERIATE 
( PO = 1 ) =? (MOVE PO TO PF' RIGHT) 

(SATISFIED SERIATE ) 

Figure 110. Production rules for Stage 1 (A and B) weight 

seriation behavior. (Baylor and Gascon, 1974, Po14) 

(Note: PO- - original position; PB - balance position; 

PF - final position.) 
• 
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Baylor and Gascon 1 s progran W8S written in a special 

computer language called BG (see Gascon and Baylor, 1973), 
which was designed for this task. It gives a clear 

indication of the steps taken to reach the final goal . 

However, as this laneuage is not available locally, I 

rewrote the program, initially in FORTRAN and later in 

PASCAL to enable it to be run locally. There was some loss 

of clarity and elegance, but the actual simulation of the 
-

behavior has .been as effective as the original. 

Chapter 7 outlines the procedure followed and the current 

status of this work. 

2o Stage _g_ 

In Stage 2 the defining strategy is that called 

"Juxtaposition of subseries". Once again the stage can be 

divided into parts A a nd B, dependent on the length of the 

subseries formedo Stage 2A children succeed on most thre~­

block problems, whereas Stage 2B children are able to solve 

at least fifty percent of four-block problems correctly. 

SERIATE 
LOCATEFIEA VIESTSHBSERIES 

WEIGH 

,i} ~• -1~ [GETRIDOF 
SATIS?IED GETRIDOF 

SATISFIED 1l/EIGH 
SATISFIED LOCATEHEAVIESTSUBSERIES 

FINDLIGHTHEAVY 

-WEIGH 
-SATIS FIED WEIGH 

SATISFIED FINDHEAVYLIGHT 
SATISFIED SERIATE 

Figure 11. Base strategy for Stage 2 weight-seriation 

behavior. (Baylor and Gascon, 1974, p.8) 
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The base strategy for this stage is presented in Figure 

11 and shows th Bt the LOC/',TEHEA VIES'l'SUBSERif;S goal leads to 

an additional Goal , which is stated as GETRIDOP . This 

involves re• oving the lighter block from the balance until 

the heaviest of a subseries is found. This particular base 

strategy leads to a juxtaposition of two subseries, either 

purtially or completely ordered, without any coordination 

between the two. A checking strategy FI NDHEAVYLIGHT, a 

return to Stage 1 behavior, is evoked and le ads to a 

juxtaposition of light-heavy couples in the final position . 

The production rules for t hi s stage are presented in 

Figure 12. The first three rules apply when SP.RIATE is active 

(P1 initiates the activity and P2 terminates it). In the 

special situation where there are no blocks left in the orig­

inal position, but still one left in the final position need­

ing to be checked ( PF NEXT ), then the g oal FINDLIG-HTHEAVY is 

initiated. Production rules P4 t~ P7 are evoked when the 

active goal is LOCATEHEA VIESTS T_TBSERIES. From the model , 

exactly which production is evoked de pends on the number of 

blocks in the balance ( PB), the number in the positi on where 

the current subseries is being formed ( PF1), a nd whether there 

is a heaviest block ~o far to be checked against any other 

blocks (LAST HEAVIER ). This is obvious at an experimental level. 

A subject is going to approach a task differently depending 

on the initial conditi ons. Production rules P8 and P9 apply 

when the FINDLIGHTHEAVY goal is active and depend entirely 

on whether there are weights on the ba lance or not (PB). 

If there is, P8 occurs, and if not the goal is set at WEIGH 

(P9). Production rules P10 to P13 result in blocks being 

weighed on the scale (the WEIGH goAl is 13 ctive). All four 

of these rules achieve their goal and epply a t different 

stages of the process. P10 wei ghs two blocks from the final 

position ( PF ) where there are none left in the original 

position (PO); P11 t akes one from PF a nd one from PO, when 

only one remains in PO; P12 takes two blocks from PO when 

there are no blocks on the scale, and P13 is evoked when 

there is already one block on the scale. The final 

production , P14, is evoked when the GETRIDOF g oal is evoked 

(afterP6). 
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P1 SERIATE 

(PO) 0) ~ (SET-GOA L LOCATEH ;:;~AVIESTSUBSERIES) 

P2 SERIATE 

(PO ;;;; O)&(PF NEXT ::c NIL)=} (SATISFIED SERIATE) 

PJ SERIATE 

(PO = O)&(PF NEXT ;;T) ~ (SET-GOAL FINDLIGHTHEAVY) 

P4 LOCATEHEAVIESTSryBSERIES 
(PB ( 2) ~ (SET -GOAL WEIG~ ) 

P5 LOCATEHEAVIESTS UBSERIES 
(PB = 2)&(PF1 = 0) 9 {LET LASTHEAVIER = PB HEAVIER; 
MOVE PB HEAVIER THEN PB LIGHTER TO PF1) 

P6 LOCATEHEAVIESTSUBS ERIES 
{PB = 2)&{PF1 ) O)&(LASTHEA VIER = T) 9 SET-GOAL 

GE'TRIDOF 

P7 LOC ATEHEAVIESTSUBSERIES 
{PB= 2)&(PF1) O)&(LASTHEAVIER = NIL)~ {LET 

NEXT= PF RIGHT; MOVE PB LIGHT ER THEN PB HEAVIER TO 
PF1 LEFT; TRANSFORM PF1 TO PF; SATISFIED 
LOCATEHEAVIESTSUBSERIES) 

P8 FINDLIGHTHEAVY 
(PB;::: 2)9 {LEI' NEXT~ PF LEF'l'OFHOLE; MOVE PB 

HEAVIER THEN PB LI GHTER TO PF HOLE; SATISFIED 
FINDLIGHTHEAVY) 

P9 PINDLIGHTHEAVY 
(PB ( 2) ~ {SEr-GOAL WEIGH) 

:P1i0 WEIGH 
{PB = O)&{PO = 0) ~ (MO VE PF NEXT AND PF LEFTOFHOLE 
TO PB; SATISFIED WEIGH) 

P-1·1 WEIGH 
{PB= O)&{PO = 1) ~ (MOVE PO RIGHT AND PF1 RIGHT 
TO PB; SATISFIED WEIGH) 

P12 WEIGH 

(PB = O)&(PO) 1) • (MOVE PO RIGHT AND PO RIGHT 

TO PB; SATISFIED WEIGH) 
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P13 ViEI GH 

( PB =1) 9 (MOVE PFt LAS THEA VIER TO PB; LET 

LASTHEAVIER ~ NIL; SATISFIED WEIGH) 

P14 GETRIDOF 

(LASTBEAVIER = T) • (MOVE PB LIGHTER TO PF1 ; 

SATISFIED GETRIDOF) 

Figure 12. Production r ules for Sta ge 2 weight 

seriation behavior. (Baylor and Gascon, 1974, p.20) 

There are a larger number of var i ables in the Stage 2 

behavio~ compared to the Stage 1 behavior. This is due to 

the fact that part of the final p osition (PF) is used to 

form a current subseries (PF1) which is then transformed 

into PF when the subseries has been completed. LASTHEAVIER 

refers to a memory which remembers whether the heaviest 

block in a subseries has been weiBhed with a l l the p oten­

tially heavier candida tes. A hole is created in PF when 

blocks are moved from there back to PB, and this explains 

the HOLE-based instructions in Figure 12. 

This particular production system outlines one 

possible seriation approach. There are many others. Stage 

2 to appear to be the hardest one to model due to this 

great variety of approaches. This may relate to the fact 

that the child's seriation behavior is in a state of 

transition from the simple two-place behavior of Stage 1 to 

the complete seriat:ion behavior of Stage 3o 

Jo Stage J. 
In Stage 3, the most common strategy is called 

"Locate Heaviest", and has the same structure as the 

LOCATEHEAVIESTSUBSERIES presented in Figure 11, except that 

it now refers to the whole series, and not s i mply an 

isolated subseries. Other strategies are possible; such as 

a less common "Insertion", and an idiosyncratic "Heavy-light 

Sieve" (Baylor and Gascon; 1974), and further research may 
reveal some others. Only the base strategies for the 



Page 53 
"Locate Heaviest" and the "Insertion" strategy are 

presented here. The former is shown in Figure 13 and the 

latter in Figure 14. 

SERIATE 

CATEHEAVIEST 

WEIGH 

~ i J"GETRIDOF 
~ATISFIED GETRIDOF 

ATISFIED WEIGH 

ATISFIED LCATEHEAVIEST 

SATISFIED SERIATE 

Figure 13. Base strategy for Stage 3 weight-seriation 

behavior ("Locate Heaviest"). (Baylor and Gascon, 1974, p.8) 

SERIATE 

INSERT 

.[WEIGH 
'\lsATISFIED WEIGH 

~ 

JPUTBACK 
lsATISFIED PUTBACK 

ATISFIED INSERT 
SATISFIED SERIATE 

Figure 14. Base strategy for Stage 3 weight-seriation 
behavior ("Insertion") o (Baylor and Gascon, 1974, p.8) 

As the ~''Locate Heaviest" strategy is the most common, 

only the production rules based on this particular base 

strategy will be considered here. These are outlined in 

Figure 15. An important addition is the intermediate 

position (PI). While the Sis looking for the heaviest 

block, the lighter blocks are discarded into a new position, 

PI. When the heaviest block has been found, this PI reverts 

back to the original position (PO). The seriation starts 

agai n if blocks still rema in. 
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P1 . SERIATE 

(PO) 1) ~ (SET-GOAL LCATEHEAVIEST) 

P2 SERIATE 

(PO= 1)&(PB = 1)' ~ (SET-GOAL LCATEHEAVIEST) 

PJ SERIATE 
: (PO= O)&(PI) 0) ~ (TRANSFORM PI TO PO) 

P4 SERIATE 
(PO= O)&(PI = O)&(PB = 1) • (MOVE PB TO PF RIGHT; 

SATISFIED SERIATE) 

P5 LCATEHEAVIEST 

(PB < 2) ~ (SET-GOAL V/EIGH) 

P6 LCATEHEAVIEST 

(PB = 2)&(PO ) 0) ~ (SET-GOAL GETRIDOF) 

P7 LCATEHEAVIEST 
(PB= 2·)&(PO;;; 0) ~ (MOVE PB HEAVIER TO PF RIGHT; 

SATISFIED LCATEHEAVIEST) 

P8 WEIGH 
(PB r. 0) ~ (MOVE PO RIGHT THEN PO RIGHT TO PB; 

SATISFIED WEIGH) 

P9 WEIGH 
(PB = 1) ~ (MOVE PO RIGHT TO PB; SATISFIED WEIGH) 

P10 GETRIDOF 
(MOVE PB LIGHTER TO PI; SATISFIED GETRIDOF) 

Figure 150 Production rules for Stage 3 weight 
seriation behavioro (Baylor and Gascon, 1974, p.25) 

The first four rules apply when the SERIATE goal is 
active. If there is more than one block in PO, the 

LCATEHEAVIEST goal is set (P1); if there is one block in 

PO and one - on the balance (PB), the LCATEHEAVIEST goal is 

again set (P2); if there are no blocks left in PO but some 

in PI, PI becomes PO {PJ); and if no blocks remain in PO 
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or PI, the SATISFIED SERIATE state is reached (P4). The 

next three rules occur when the LCATEHEAVIEST goal is 

active. If there are less than two blocks on the balance, 

the goal is set at WEIGH (P5); if the balance is full and 

there are still weights in PO, the goal is set at GETRIDOF 

(P6); and if the balance is full and no blocks remain in 

PO, the LCATEHEAVIEST goal is satisfied (P7). Productions 

P8 and P9 occur when the WEIGH goal is active, and depend 

on whether there are no weights in PB (P8) or one weight 

(P9). PTO occurs when the GETRIDOF goal is active. 

4. Concluding remarks 

The approach followed by Baylor and GAscon (1974) has 

been presented in some detail as it forms the basis for both 

the experimental work and the computer program development 

which is outlined in the following chapter. Although the 

details of the production system~ for each stage appear 

fairly complex, the base strategies from which they derive 

are relatively simple. Baylor and Gascon (1974) believe 

that a child will not carry in his head such a specific 

representation as the production systems indicate. This 

appears to contradict Newell and Simon's hypothesis (see 

page 29). This may be due in part to the fact that the 

computer requires a more specific representation of the 

environment than does the child. This is a major problem 

in the field and one that is receiving some attention 

(see Bobrow and Collins, 1975)0 However, they do state 

that 'a child g postulated to come into the experiment with 

the components of a particular base strategy in his head. 

In order to convert a base strategy into actual behavior, it 

has been suggested that he has a complier (or interpreter) 

available that enables him to construct a specific 

production system that carries out the base strategy' 

(Baylor & Gascon, 1974, pp.38 - 39). In spite of these 

reservations, this production system approach has proved 

successful at simulating the behavior of individual 

children, as will be seen in the following pages. 
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CHAPTER 7 

A REPORT ON TEE PROGRESS OF TPE PRESENT STlIDY - -- ----- ---

The practical thrust of this study has proceeded along 

two main aspects. Firs tly there has been the development of 

a series of pro6r a ns , which could be run loca lly, capable of 

simul ating tl1e various stages of the target behavior. 

Secondly there has been the experimental work with children 

to verify the findings of Baylor and Gascon. I shall con­

sider each of these as pects in turn in the following two 

sections and in the third section discuss the rela tionship 

of the two aspects. 

1. Prograruning Aspec t 

The development of the simul ation programs which have 

been an important comp onent of this study was carried out on 

a Burroughs B6700 computer using the high-level programming 

language PASCAL. This language was chosen for a number of 

reasons. It is a ve ry powerful language having many features 

which mak e it µseful for this type of work; secondly, as it 
is based on the princi p les of the increasingly important 

"structured prograrr.r.-iing" approach, it vlill become more 

widely used in the .future; and J.as tly, its present use in 

a post-graduate Artificial Intelli gence course has ensured 

its development at this installat ion. 

The production sys tems of Baylor a nd Gascon (1974), 
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which have been outlined in some detail in Chapter 6, were 

used as the basis for the development of the programs. 

Programs were developed for Stage 1A (Appendix I) and 

Stage 1B (Appendix II). A program was also written to 

simulate an alternative type of Stage 1 behavior, not 

covered by Baylor and Gascon, to be discussed in the next 

section , and this program is p~esented in Appendix III. 

Stage 2 behavior was not simulated for the purposes of 

this study because of its complexity. Furthermore, more 

comprehensive studies of the type of behavior exhibited in 

this level should be done before time is spent on attempting 

to model it. Appendix IV gives a program for the simulation 

of Stage 3 behavior based directly on Baylor and Gascon 1 s 

work. Appendix V gives an upgraded version of this program, 

which contains some small refinements. 

All the programs produced are divided into five sections. 

Firstly the declaration section, where the comp onents of the 

program are declared. Following this there is a collection 

of basic "housekeeping" procedures relating to the manip­

ulation of a goalstack, data input, initialization, and 

printing or da~a. Thirdly, procedures to move the weights 

from one place to another during the simulation are 

presented. Fourthly the production system is shown, giving 

the initial conditions followed by the appropriate action. 

Finally, there is the main program, which initiates the 

whole process and controls it through calling various 

proc edures, depending on the current goal. 

Figure 16 shows a decision flow for Stage 1A behavior, 

indicating the appropriate soals and initial conditions 

which (according to the model) are sufficient to trigger off 

the productions and subsiduary goals. This decision flow 

reflects the control of the program contained in the 

production system. Figure 17 shows the comparable decision 

flow for Stage J . 
Finally, it is worth noting the slight modification of 

the Stage 3 behavior to make it more closely simulate the 

seriation behavior. In Appendix IV (page 128), the pro­

cedure PBTOPI accomplishes the snme result as Baylor and 
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Gnscon 1 s program a~d results in an ordered placement of the 

blocks from the balRnce pan to t h e int ermedi n te p osition. 

In Appendix V (page 144), the proc edure PRTOPI has been 
-

u pgraded with the addit ion of a random number component, 

giving a more realistic simulation of the behavior. A 

few other minor c h anges are also necessary with the 

addition of this component. For this reason it was 

decided to present the whole program in full, even though 

it is substantially identical to Appendix IV. 

N'1?0 ) 0 

jserietCPr · 1 ) 
PO= 0 

(Pr. 2) 

Find 
Heavylight 

Satisfied 
Seriate 

NPO 1 
ll---1,-fo-i-gh--c- (Pr • 6) 

BAL= o-1 - NPO ~ 1 
( Pr • 3 ) ( Pr ~ 7 j 

Prod. 4 
Action 

Prod. 5 
Action 

Figure 16. Decision flow of program 

indicating initial goals and conditions 

for the production system (Sta~e 1). 

Prod. 6 
Action .. 

Prod. 7 
Action 



BAL< 2 
(Pr. 5) 

\'le igh 
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BAL= 0 
(Pr. 8) 

BAL = 1 
{Pr. 9) 

Prod. 8 
Action 

Prod . 9 
Action 

NPO) 1 
(Pr. 1) NPO = 1 

"BAL= 2 ~etridof~!~~f~n
10 j 

(Pr. 6 ) NPO) 0 

·:L__/ (Pr. 2) ~(Pr. 6) 
NPO = 0 

~ 
NPO = 0 
(Pr. 3 & 4) 

NPI ') 0 
(Pr. 3) 

NPI = 0 
(Pr. 4) 

Prod. 3 
Action 

(Pr. 7) 

Prod. 4 Satisfied 
Action Seri ate 

Prod. 7 
Action 

Figure 17. Decision flow of program · 

indicating initial goals and conditions 

for the production system (Stage 3). 

2. Experimental Aspect 

2.(1). Subjects 

Twenty children, ranging in age from 6;4 to 9;5, were 

presented with a weight seriation task to solve which was 

similar to that used by Baylor and Gascon (1974). Protocols 

of t heir perfor~ances were collected but only four of these 

are presented in detail. The children were selected from 

the PJ to S2 classes of a local primary school. As this 

study was only interested in looking in detail at Stage 1 

and Stage 3 performance , any results V1hic"h were not of 
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either type were rejected for t h e purposes of the study. 

The children were tested until t wenty showing either Stage 

1 or Stage J behavior h a d been found. 

2.(2). Procedure 

Each child (S) was tested individually , seated 

opposite the experimenter (E) at a table. A St cricker 

balance with two pans was used, one of which mov e d up and 

the other down vihen wei ghts were placed on the balance. 

This helped to a cc entuate the difference between the two 

weighs. The weights were virtua lly identical containers, 

each with a lett e r written on t~e top and bottom sides, for 

the purpose of identification. The letter names and actual 

wei ghts of each block were: S = 1A2.7g; Q = 181.Bg; 

M = 180.8g; B = 180.0g ; A= 179.0g; V = 178.1g; 0 = 177.2g. 

Two differen t orders of present a tion were used. These were 

BASQ0?,1V and AQVBt~:OS. Figure 1 G shows a plan of the 

experiment al setup, showing the positions of the original 

and final positions, and the balance, in rel a tion to Sand 

E. A brief pretest wa s given to determine if the child 

could understand whi ch was th~ heavier of two containers 

6 s V 1 Heaviest 
0 M 

Balance 2 

t M 0 Original Final 
B or Position Position 

3 V s 
2 A 
1 A B Lightest 

E 

Figure 18. Diagram showing experimental set up, 

viewed from top. 
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presented. 

The instructions given were pract ically identical to 

those given in Baylor and Gascon (1974, p.J). These were: 

See, I have lots and lots of yoghurt cartons 

here. My cartons are all the same size but they do 

not weigh the same. Out of all these blocks what I 

want you to do is to find me the heaviest, then the 

block tha t weighs a little bit less, then the block 

that wei ghs still a little bit less, and so on until 

the least, least, least heavy of a ll the blocks. 

Now there is one rule in my ga.;~e : You can weigh 

the blocks as often as you think it's necessary, but 

you cannot put more than two blocks on the scale at 

the same time because there are only two p;laces. 

Okay, do you understand wha t I wan t? I want 

you to find which on e of the blocks is the heaviest, 

then the 0;1e that vvE:i 13~s a li tt le bit less, and so on 

until the l eas t, l eas t, l ea st heavy of all the blocks. 

! nd then when you are sure, put t~e hea viest block 

here. Because it 1 s the he aviest, you don't have to 

move it as f a r. Then put the one that weighs a little 

bit l ess here; and so on until the least, least, least 

he a vy block here. Do you understand? Can you repeat 

back to me what I just asked you? 

2.(3). Results 

Of the twenty children tested, eleven were found to 

have recognizable Stage 3 behavior of a type that is 

c onsistent with the model being presented here. Their ages 

ranged from 7;9 to 9;5. There were 6 boys and 5 girls. 

The rema inine nine exhibited what was recognized as Stage 

1 behavior. Their ages ran g ed from 6;4 to 7;11. There were 

4 boys and 5 girls. It should be noted that these a ges 

cannot be considered as representing any information 

concerning the age range of t ~e va rious stages, as this was 

not the purpo~e of the study. 
Of t he nine children s tudied exhibiting Stage 1 behavior 
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only thre e showed the stage 1A behavior described by 

Baylor and Gascon (1974). Only one of these (Tor 6;8} 
exhibited beha vior whi ch exactly matched the computer 

simulation (see Tor's protocol on page 65). The other two 

(Sharon 7;4 a nd Kevin 6;10) did not ma tch exactly the 

computer preciic ti on · ( see Ee vin I s protocol on page .66) • 
This was due to differences in the manne r of removing 

blocks from t he original position. These two children 

did not do t hi s in a systematic way. None of the children 

studied exhibit ed the Stage 1B behavior described by 

Baylor and Gascon (1 974 ). 
The remn i~~cg 6 ch ildren showed behavior that was not 

found by Baylor and Gas con 1 s study. This I have termed the 

"Opposite pla cement of c ouples". The same weighing procedure 

is carried out, in that the children take t wo blocks from 

the or igina l position and p l a ce them on the balance pans. 

Howe ver, when the blocks are removed, the heaviest goes to 

t he heavy end and the lightest to the light end of the 

final posi tion series. In this way the s eries is built up 

from b oth ends. With an odd number of blocks, the final 

block g oes into the cent er position. In Baylor and Gascon 1 s 

Stage 1 formul a tion, t hey state t h e last wei ght is thought 

of as the heaviest 1 perhaps because of the rapidity of 

descent of the pan of t~e scale holding the solitary block' 

(1974, p.17). However, t he ir subjects, and t~e c~ildren 

stud i ed here placed their l as t block with no consideration 

given to this fact, either in t he center or at t h e light 

end. This behavior may indicate t ~a t the child is more 

effected by the perceptual Gestalt property of closure than 

with the logico-ma thema tical proper ties of hi ghe st we~ght. 

See Samuel's protocol on page 68 as an example of the 

behavior exhibited by this alt ernative strategy. Only 3 of 

the children studied exhibited beh avior tha t exactly 

ma tched the Stage 1 alternative program (S amuel 7;11) 

Cherie 6; 11 and Julian 6 ;4) . The othe r three (.Maree 6 ;4, 
- . 

David 7;1 . and Lisa 6;7) removed blocks randomly from the 

original position. 
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Seven of the eleven children who exhibited Stage 3 

behavior used the "Loc ate heaviest" strategy. The 

remaining four used idiosyncratic methods. Their protocols 

were not followed up, as djfferent simulation programs 

would have needed to be devised. Of the seven children, 

none were exactly modelled by the program, due to the fact 

that the blocks removed from the balance pans and placed in 

the intermediate p osition were placed in an unstructured 

heap and not in any ordered way, as is done by the program. 

Even with the modified Stage 3 program (see Appendix V) 

there is no way that an exact copy can be guaranteed , due 

to the influence of chance. All of the eleven children 

from this stage removed the blocks from t~e original 

position in a systematic manner . 

3. Conclusions 

3. (1) Stage 1 

As mentioned in the previ ous section, a fe w children 

at the Stage 1A level seriated the bloc l~s in the manner out­

lined by Baylor and Gascon (1974 ) v1hich they titled 

"Juxtaposition of couples". The computer program developed 

to simulate this behavior is shown in Append ix I. The 

pr int out for a typical run is also included here, and is 

shown in a clearer form in Figure 19. Compare this with 

the result obtained for Tor (6;8), whi ch is presented in 

Figure 20. It can be seen here that the pr ogram simulates 

the child's behavior exactly and that they both end up 

with identical final positions. 

However, once again compare Figure 19 with the result 

re corded f'or Kevin (6;10) which is shown in Figure 21. The 

simulation breaks down because of the child's removal of 

the blocks from the original pos ition, which in the model 

is done in an orderly manner from ri ght to left. Kevin 

has taken his blocks from the original positi on in a 

random manner. This w0uld be a relatively simple 

procedure to incorporAte into the model, as it only 

requires the addition of a degree of randomness into the 

selection procedure, as has been done in the PBTOPI 



Pae;e 64 
procedure for Sta g e 3 (see pa ge 144).· 

The othe r common approa ch fo u nd in t h i s study , which 

is not mentioned by Baylor and Gasc on, i s the "Opposite 

p l a cement of couples". A c ompu t e r progr am wa f also 

dev e loped to simulPte t h i s beha vior a n d is shown in 

Appendix 3, a lon g with a t ypic a l print out. Th e print out 

i s also shown in a more i mmediately r e adable fo r m i n 

Fi gure 22. A typical result for a chil d 's pe rformance 

(Samuel (7;11)) is shown in Fi gure 23 a n d on ce agai n it 

can be seen tha t t h e tw o protocols are ident ic a l. Oth er 

ch ildre n stud i ed a l s o t ook bloc k s f rom the ori g inal 

posi ti on i n a random ms n ner, i n a similar way to that 

descri b e d for S t age 1A. No detailed exa~pl e has been g iven 

Active Goa l Production Ori gi n a l Ba l a nce Final 
Position L R ? osition 

Seriate 01 45 1" 2736 -------
Findhe a vy light 03 4512736 -------
VJe _ ; h 06 45127-- 6 3 -------
Findheavyli ght 05 45127-- 36-----
S e riate 01 45127-- 36-----
Findheavyli gh t 03 45127-- 36-----
Weigh 06 451---- 7 2 36-----
Findheavyli ght 05 451---- 3627--:. 
Seri a te 01 l-t-51---- 3627---
Findheavylight 03 1~51 ---- 3627-- -
Wei gh 06 4------ 1 5 3627---
Findhe avylight 05 4------ 362715-
Se riate 01 4------ 362715-
Findheavylight 03 4------ 362715-
Weigh 07 ------- 4 362715-
Findheavylight o/ , ------- 3627154 r 

Seriate 02 ------- 3627154 

Figure 19 . Simplifi e d exa mple of print out 

for simulation of Stage 1A b eh a vior (from Appendix I) • 
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of this random remova l for the a lt er~ative Stage 1 

strategy. The final weight is placed in the center of 

of the final position array. As mentioned earlier , this 

may be more a property of Gestalt closure, as a gap is 

usually left in t te middle as the blocks are placed in 

their fina l pos i tion. 

3.(2). Stage .l 
The Stage 3 strategy considered in detail is the 

"Locate heaviest" strategy described earlier (see pages 

52 to 55) . The program developed to simulate this behavior 

is presented in Appendix IV, t oge ther with a typical 

print out. The pr intout is a ls o presented i n Fi gure 24, 

Active Goal Production Original Balance Final 
Position L R Position 

Seriate 01 B.4SQO:,W -------
Findheavylight 03 BASQOi,iV -------
Weigh 06 BASQO-- V M -------
Findheavyli ght 05 BAS,~0-- MV-----

Seriete 01 BASQO-- MV-----

Findheavylight 03 BASQO -- MV -----

Weight ' 06 B.~s ---- 0 Q MV-----

Findheavylight 05 BAS-- -- MVQO---

Seriate 01 BAS---- MVQ,0---

Findheavylight 03 BAS---- MVQ,0-- -

Weigh 06 B------ s A MVQ,0---

Findheavylight 05 B------ MVQOSA -

Seriate 01 B------ MVQOSA-

Findheavylight 03 B------ MVQOSA -

MVQOSA-
:, 

V,e igh 07 ------- B 

Findheavylight 04 ------- I 

MVQOSAB"'- , 

Geriate 02 ------- MVQOSAB 
{3627154) 

Figure 20. Protocol for Tor (6;8) on l 
a weight s criation task. 
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on pages 69 to 71. Wa r wi ck (B;h) g ives a very clear 

indic a tion of t h is strategy. , Eis protocol is presented 

in Figure 25, on pages 7Z to 74. 
The discrepancies between the model and Warwick 's 

observed behavior result from the random way in which the 

subject assigns blocks to PI after wei ghing them , compared 

to the systematic method used by the progra~ . As described 

earlier (see pages 57 to 58) a modification wa s developed 

to deal with this, and t h is is found in Appendix V. 
It is also worth noting here a point ~hich shows the 

limitations of th i s stage of seria tion beha vior , which 

intiially appears very elegant and logi cal. On one 

Active Goal Production Ori g ina l 

Position 

Balance Final 

Seriate 01 

Findhea vy li gh t 03 

Weigh 06 
Findheavylisht 05 
Seriate 01 

Findheavylight OJ 
Weigh 06 
Findheavyli ght 05 
Seri ate 01 

Findi1bavylight 03 

Weigh 06 
Findheavylight 05 
Seriate 01 

Findhe avylight 03 

Weigh 07 

Findheavylight 04 
Seriate 02 

BAS ~Ol'{ll 

BASQ,OMV 

BA-QO -V 
BA-QO -V 
13A-QO-V 

BA-Q.0-V 

-A--0-V 

-A--0-V 

-A--0-V 
-A--0-V 

-A-----

- A-----

-A-----

-A-----

L R 

M s 

Q, B 

V 0 

A 

Figure 2i. Protocol for Kevin (6;10) 

on a weight seriation task. 

Positl on -

sr.1---- ­
SM----­
SM- ---­

SM----­
SMQB--­

SUQB--­

SMQ,B--­
SMQ,B--­
SMQBVG­
SMQBVO ­

SMQBVO­
SMQBVO­
SMQBVOA 
SMQBVOA 

(1324675) 
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occasion (when A was placed on the balance and remained 

there until B, the final weight in the current original 

position series, was weighed) the last weight placed on 

the balAnce was the he a viest, indicAting that the weight 

that had been on the balance up to that point had been the 

heaviest, and would now become the next-to- heaviest. 

However the subject did not realize this, and proceeded 

to weigh all the wei gh ts again. 

From the _;.)receding discussion, it can be seen that the 

pro grams developed simulate most areas of behr.vior perfectly, 

but there are still some discrepancies between the model 

and the ob3erved behavior. The occurence of these 

1 Active Goal Production Original Balance Final 

Seriate 01 

Findheavyli ght OJ 
Weigh 06 
Findheavylight 05 
3eriate 01 

. Findheavylight OJ 
Weigh 06 
Findheavylight 05 
Seriat e 01 

Findheavylight OJ 
Weigh 06 
Findheavyli sht 05 
Seriate 01 

Findheavylight OJ 
Weigh 07 

Findheavylight 04 
Seriate 02 

Position L R Position 

4512736 
4512736 
45127 --
45127 --
45127--
45127--
11-51----
451---­
!1-51----
451---­
!.1-- -----
4------
4------
4------

6 

7 

1 

4 

3 

2 

5 

--~----

3-----6 
3-----6 
3-----6 
3-----6 
32---76 
32---76 
32--~76 
32---76 
321-576 
321-576 
321-576 
321-5'76 
3214576 
3214576 

Figure 22. Simplified example of print out for simuletion : 
I 

of Stage 1 Alternative beha vior (from Appendix III). 
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discrepenc ies has been put down to chance, and approp­

ri ately d ea J t with. T! owevc r fur th i=- r re search may show 

that t hi s appar ent ly "ranc om t' be'ha vi or is under the 

contr ol of some particula r pre viously unc0~sidered 

parameter, and future programs rnay be able to i~corporate 

this fa c t, and so mo ve the program o~e st ep furth er to an 

accurate si~ulation of the ex t erna l behr, v~or. 

Active Goal Production Original Ba lance 
Position L R 

Seriate 01 BASQOI',iV 

Findheavylight 03 BASQOifiV 

Weigh 06 BAS QO-- V M 

Findheavylight 05 BASQO--

Seriate 01 BASQO--

Findhea vyli ght 03 BASQO--

Weigh 06 BAS---- 0 Q 

Findhea vyli ght 05 BAS----

Seriate 01 BAS----

Findheavyli ght 03 BAS----

We igh 06 B------ s A 

Findheavylight 0.5 B------
Seriate 01 B------
Findheavylight 03 B------

Weigh 07 ------- B 

Findheavylight 04 -------
Seriate 02 -------

Figure 23. Protocol for Sa• uel (7;11) 

on a weight s eriation task. 

Final 
Position 

-------
-------
-------
M-----V 
M-----V 
M-----V 
M-----V 

MQ---ov 
MQ ---ov 
MQ---ov 
MQ---ov 
l/.QS-AOV 

·MQ,S-AOV 

MQ,S-AOV 

MQS-AOV 

MQSBAOV· 

(~~E!9l> · 
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Active Goal Prod 0rir;inal Bq la!'"lce Intermediate '<'ina 1 

Pos1tlon L R Position Positi on 

Seriate 01 5264371 ------- -------
Lcatehea viest 05 5264371 ------- -------
Weigh 08 526h3 -- 1 7 ------- -------
Lcateheaviest 06 52643-- 1 7 ------- -------
Getridof 10 526~3 -- 1 7------ -------
Lcateheaviest 05 c26L.3 -- 1 7------ -------_,J • 

\iVeigh 09 5264--- 1 3 7------ -------
Lcateheaviest 06 5264-- - 1 3 7------ -------
Getridof 10 5264--- 1 73----- -------
Lc 8teheaviest 05 526!~--- 1 73----- -------
Weigh 09 526 ---- 1 4 73----- -------
Lcateheavie s t 06 526- --- 1 4 73----- -------
Getridof 10 526 ---- 1 734---- -------
Lc at eheaviest 05 526- --- 1 734---- -------
Weigh 09 52 ----- 1 6 734---- -------
Lcatehe av iest 06 52 ----- 1 6 731t----- -------
Getridof 10 52 ----- 1 731-1-6--- -------
Lcateaviest 05 52 ----- 1 7346 --- -------
Weigh 09 ,.., 

1 2 73~6--- -------::;------
Lc a teheavi es t 06 5------ 1 2 7346 --- -------
Getridof 10 5-- ---- 1 73462 -- -------
Lcat ehea vie st 05 5------ 1 73462-- -------
Weigh 09 ------- 1 5 73462-- -------
Lc a teheaviest 07 ------- 5 73462-- 1------
Seriate OJ 73462-- 5 ------- 1------
Seriate 01 73/_t-62- - 5 ------- 1------
Lca tehea vi est 05 73462 -- 5 ------- 1------
Weigh 09 7346 --- 2 5 ------- 1 ------

Lcateheaviest 06 731+6- -- ·2 5 ------- 1------

Getridof 10 7 346- -- 2 5------ 1------
Lcateheaviest 05 7346 --- 2 5------ 1------
Weigh 09 734---- 2 6 5------ 1------

Lcateheaviest 06 734---- 2 6 5------ 1------
Getridof 10 734---- 2 56----- 1------

Lcateheaviest 05 734---- 2 56 ----- 1------
Weigh 09 73----- 2 4 56----- 1------
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Active Goal Prod Orisina 1 Ba l anc e Intermediate Final 

Position L R Position Position 

Lcateheaviest 06 73----- 2 4 56----- 1------
Getridof 10 73----- 2 564---- 1------
Lcateheavies t 05 73----- 2 561+---- 1------
Weigh 09 7------ 2 3 564---- 1-----:- -
Lcateheavies t 06 7------ 2 3 564---- 1------
Getridof 10 7------ 2 5643--- 1------
Lcateheaviest 05 7------ 2 56liJ--- 1------

Weigh 09 ------- 2 -7 5643--- 1------

Lcateheaviest 07 ------- 7 5643 --- 12-----
Seriate 03 5643- -- 7 ------- 12-----
Seriate 01 5643-- - 7 ------- 12-----
Lcateheaviect 05 5643-- - 7 ------- 12-----
Weigh 09 564---- 3 7 ------- 12-----
Lcateheaviest 06 564---- 3 7 -- --- -- 12-----
Getridof 10 561+---- 3 7------ 12-----
Lcateheaviest 05 564---- 3 7------ 12-----
Weigh OC) 56----- 3 4 7------ 12-----
Lc a teheaviest 06 56 ----- 3 4 7------ 12-----
Getridof 10 56 ----- 3 71+----- 12-----
Lcateheaviest 05 56 ----- 3 7) +- _____ 12-----
'v'v'eigh 09 5------ 3 6 74----- 12-----
Lcatehaeviest 06 5------ 3 6 71 ~----- 12-----
Getridof 10 5------ 3 746---- 12-----
Lca teheavies t 05 5-- --- - 3 746---- 12-----
Weigh 09 ------- 3 5 7/_t-6 - - -- 12-----
Lc at eheaviest 07 ------- 5 746---- 123----
Seriate OJ 746---- 5 ------- 123----
Seriate 01 746-- -- 5 ------- 123---:... 
Lcatehea vie st 05 746 ---- 5 ------- 123----
Weigh 09 74----- 6 5 ------- 123----
Lcateheaviest 06 74----- 6 5 ------- 123----
Getridof 10 74----- 5 6------ 123---- --
Lcatehea vies t 05 7)~ ----- 5 6------ 123----
We i gh 09 ?------ 4 5 6------ 123----
Lc atehea viest 06 7------ 4 5 6------ 123----
Getridof 10 7------ 4 65----- 123----
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Active Goal Prod Original BaJ8 nc e Inter~ediate 

Lcateheaviest 05 
V/e igh 09 
Lcatehe aviest 07 

Seriate OJ 
Seri ate 01 

Lcatehea vi cs t 05 
Weigh 09 
Lcatehea viest 06 
Getridof 10 

Lcateheaviest 05 
Weigh 09 
Lcateheavie s t 07 

Seriate 03 
Seri ate 02 

Lcateh ea viest 05 
Weigh 09 
Lcateheavi es t 07 

Seriate 04 

Position 

7------

65-----
65-----
65-----
6------
6------
I o------
6------

7------
7------
7------

L R 

4 
4 7 

7 

7 
7 

7 
5 7 
5 7 
5 
5 
5 6 

I 
0 

6 
6 
6 

7 6 
7 

Position 

65-----
65-----
65-----

7------
7------

7------
7------

Figure 2~. Simplifi ed exa~ple of ;rint out 

Final 

Position 

123----

123----
1234---
1234---
1234---
1234---
1234---
1234---
123L---
121I, ---- --,-

1234---
12345--
12345-­
i12J45'--
12345--
1231+5--

123u.56-
1234567 

for simulation of Stage 3 beha vior (from Appendix IV). 
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Active Goal Prod Original Ba lance Intermedia te Final 
Position L R Posit ion Position 

Seriate 01 AQVBMOS ------- -------
Lcateheaviest 05 AQvm.~os ------- -------
Weigh 08 AQVBM-- s 0 ------- -------
Lcateheaviest 06 AQVBT!i-- s 0 ------- -------
Getridof 10 AQVBM-- s 0------ -------
Lcateheaviest 05 AQVBM-- s 0------ -------
Weigh 09 AQVB--- s M 0------ -------
Lcateheaviest 06 AQVB--- s M 0------ -------
Getridof 10 AQVB--- s 0--M--- -------
Lcateheavies t 05 AQVB--- s 0--M--- -------
Weigh 09 AQV---- s B 0--I•.! --- -------
Lcateheaviest 06 AQV---- s B 0--~~--- -------
Getridof 10 AQV---- s 0-BM--- -------
Lc ateheaviest 05 A''J,V---- s 0- BM --- -------
We i gh 09 AQ, ----- s V o-rn.1--- -------
Lcateheaviest 06 AQ----- s V 0-Er.1- - - -------
Getridof 10 AQ----- s 0-B~':V-- -------
Lcateheaviest 05 AQ- ---- s 0-BMV-- -------
We igh 09 A------ s Q 0-BMV-- -------
Lcateheavies t 06 A------ s Q 0-BMV-- -------
Getridof 110 A------ s OQBif.V-- -------
Lcatehea viest 05 A------ s OQBMV-- -------
Weigh 09 ------- s A OQBl1iV-- -------
Lcateheavi es t 07 ------- A OQBr.1V-- S·------
Seriate 03 OQBMV-- A ------- s------
Seri a te 01 OQBMV-- A ------- s------
Lcateheaviest 05 OQBMV-- A ------- s------
Weigh 09 OQBM--- V A ------- s---- .. -
Lcateheaviest 06 OQBM--- V A ------- s------
Getridof 10 OQBM--- A ---v--- s------
Lcateheavie st 05 o:im.1- -- A ---v--- s------
Yv'eigh 09 OQ.B---- M A ---v--- s------
Lcatehea vie st 06 OQ.B---- M A ---v--- s------
Getridof 10 OQB---- r.1 -A-V--- s------
Lcateheaviest 05 OQ,B---- M -A-V--- s------
We i gh 09 OQ----- 111 B -A-V--- s------
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Active Goal Prod Ori~inal Balance Intermediate Final 
l'osit ion L R Positi on Position 

Lc atehea viest 06 OQ,----- M B -A-V--- s------
Getridof 10 OQ----- M -ABV--- s------
Lcateheaviest 0.5 OQ----- M -ABV--- s--·----
We igh 09 0------ r.1 Q -A BV --- s------
Lcateheaviest 06 0------ lii Q -ABV-- - S------
Getrldof 10 0------ Q. -A BV--M s------
Lc ateheaviest 05 o------ Q -A BV--M s------
Weigh 09 ------- 0 Q -A BV--M s------
Lcatehea viest 07 ------- 0 -ABV--M SQ-----
Seriate 03 ABVM--- 0 --·----- SQ-----

Seriate 01 ABVM--- 0 ------- SQ-----

Lcateheaviest 05 ABVM--- 0 ------- SQ-----
Weigh 09 ABV---- 0 I'" ,. ------- SQ-----

Lcateheaviest 06 ABV---- 0 l,I ------- SQ-----
Getridof 10 ABV---- M ------0 SQ-----
Lcateheaviest 05 ABV---- rri ------0 SQ-----
Weigh 09 AB----- V M ------0 SQ-----

Lcateheaviest 06 AB----- V I,1 ------0 SQ-----
Getrido:f 10 AB----- M -----VO SQ-----
Lcateheaviest 05 AB----- M -----VO SQ-----

Weigh 09 A------ B M -----VO SQ-----
Lc ateheaviest 06 A------ B M -----VO SQ-----
Getridof 10 A------ M ----BVO SQ-----
Lcateheaviest 05 A------ M ----BVO SQ-----

Weigh 09 ------- A M ----BVO SQ-----
Lcateheaviest 07 ------- A ----BVO SQM----

Seriate 03 BVO---- A ------- SQM--"'.'-
Seriate 01 BVO ---- A ------- SQM----

Lcatehea viest 05 BVO---- A ------- SQM----

Weigh 09 BV----- A 0 ------- SQM----

Lcateheaviest 06 BV----- A 0 ------- SQM----

Getridof 10 BV----- A ---0--- SQM----
Lcateheaviest 05 BV----- A ---0--- SQM----

Weigh 09 B------ A V ---o--- SQM----
Lcateheaviest 06 B------ A V ---o--- SQM----

Getrido:f 10 B------ A --vo--- SQM----
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Active Goal Prod 01•i gi nal Ba l a nce Internediate Final 
Posi t i on L R Position Position 

Lcateheaviest 05 B------ A --vo--- SQM----
Weigh 09 ------- A B --vo--- SQM----
Lcateheaviest 07 ------- A --vo--- SQMB---
Seriate 03 VO----- A ------- SQMB---
Seriate 01 vo----- A ------- SQMB---
Lcateheaviest 05 VO----- A ------- SQMB---
Weigh 09 v------ A 0 ------- SQ,MB---
Loatehe aviest 06 v------ A 0 ------- SQMB---
Getridof 10 v------ A 0------ SQMB---
Lea teheaviest 05 v------ A 0------ SQ.MB---
Weigh 09 ------- A V 0------ SQ,MB---
Lcateh~ a viest 07 ------- V 0------ SQMBA--
Seriate OJ o-- -:- --- V ------- SQMBA--

Seriate 02 0------ V ------- SQMBA--

Lcateheaviest 05 0------ V ------- SQMBA--
Weigh 09 ------- 0 V ------- SQMBA--
Lcatehe a viest 07 ------- 0 ------- SQMBAV-
Seriate 04 ------- ------- SQ,MBAVO 

{1234567) 

Figure 25. Protocol for Wa rwick < 8 ;4) on 

a weight seriation task. 



PART III 

GENERAL MODELS OF DEVELOPMENT 
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CHAPTER 8 

PIAGET 1 S TRANSITION MECHANISM: EQUILIBRATION : 

The most fundamental s t age-independent concept in 

Piaget's theory is that of the equilibration model . This 

comprises a basic general theoretical construction which can 

be imposed on the whole of the developmental sequence 

outlined. It can be considered as a 1 ~lobal conception of 

what the whole developmental process and its successive 

structural products are about' (Flavell, 1963, p.238). The 

model is proposed as an attempt by Piaget to cope with the 

problem of a mechanism, or system of rules, to explain the 

transition from one stage to the next. Phillips (1969) 
considers Piaget's conception of equilibrat i on as the 

inspiration for the theory in the first place, and which now 

remains as its overarching principle o 

The model of transition used by Pia get was b orrowed 

from cybernetics, which is probably 1 the most influential of 

all disciplines in affecting interdisciplinary currents' 

(Gallagher, 1977, p.28). Piaget often cites Ashby's (19.56) 
account of cybernetics which was written for workers in the 

biological sciences. Piaget describes the discipline as an 

'explanation of how one mechanism can direct others, or 

itself, by means of transmissions and the retroactive or 

anticipatory effects of information given ' (Piaget, 1971, 
p .6l). Pia get has in a number of articles, considered the 
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relationship of cyb ernetics to his general theoretical 

position. (Pia get, 1942; Piaget, 1953). 

11. Cybernetics 

Before looking more specifically at Piaget 1 s model of 

equilibration, I shall discuss in a general way what various 

authors have considered c ybe rnet ics to entail, before tying 

the concepts more closely to Pia get 's work. 

The compu te r simulation of behavior, which has been 

the main emphas is of Part II of this thesis, has to a large 

extent emerge d as part of t he broader c ontext of the 

discipline of cybernetic. Wiene r (1948) introduced the 

word to refer to a new . inter-disciplinary subject that he 

felt was emerging and which took as its subject matter, 

control and coP.1111uni c a tion systems of all kinds. Wiener's 

book was eclectic and c on tained discussions of normal and 

abnormal physiolog ical processes, as well as information, 

commun ication and feedback oer se. Wiener's definition of -· - -
cybernetics was I t11e study of control and co!Tlmunication in 

the animal and the machine.' In practice the field to 

which this refers is so wide (incorporating parts of 

engineering, mathematics, logic, c omputer science, linguist­

ics, biology, physiology, medicine, anthrop ology, psychology, 

sociology and economics, among other s~bj ec ts) that it is 

not surprising that there have been differences of emphasis 

and subsequently disagreement as to what the term refers. 

Apter (1970) suggests that the field of cybernetics •is 

perhaps the same as that to which the term "systems research" 

is beginning to be a pplied' (1970, p.31). He further 

suggests that 'cybernetics is in a sense more an attitude 

than a strict subject-matter: an attitude characterised by 

a passion for preci~ion and a contempt for ideas that caruciot 

be expressed in effective form, a desire to search for 

common organizational features in ~urposeful systems super­

ficially unlike one another, a feeling that organisms are 

essentially constructible .••• This attitude has in turn 

stimulated the emercence of a host of sop~isticated concepts 

and practical technlques' (Apter, 1970, p.~.5 - 46). 
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Glushkov outlines a different outlook on the subject when 

he states: 'Cybernetics can in ge neral, be divided into 

two large fields which form t he basis of the discipline. 

These are one containing the general theory of information 

processing, and the other t~e theory a nd stru cture of 

information processors' (Glushkov, 1966, p.v). 

The very foundation of the discipline of cybernetics 

is based upon a systems approach. It is primarily concerned 

with information flows in complex systems. 1 Athough 

cybernetics has been applied primarily to mechanistic 

engineering problems, its model of feedback, control and 

regulation has a great deal of applicability for biological 

and social systems as well 1 (Kast & Rosenweig, 1972, p.17). 
It can be thought of as an attempt to understand organisms 

through making analog ies to machines. Pask (1961, p.11) 

gives the theme of cybernetics as 1 how systems regulate 

themselves, reproduce themselves, evolve and learn.' 

Cybernetic s is theoretioal in the sense that it has 

traditionally emphasized the understanding of a given 

process for its own s ake, rather than for any practical 

applications that may emerge. Guilbaud (1959, p.6) makes 

an interesting c omparison: 1 The position of cybernetics is 

rather analogous to that of statistics, which finds uses in 

extremely diverse fields ••• and derives its name from one 

specialized application - the study of hQ~an societies or 

states - with which it never lost contact, despite its rise 

to independence.' 

George (1965, Po2) considers cybernetics as 1 a search 

for precision.' This can be achieved b y either mathematic~l, 

information processing, verbal, or even hardware models . He 

also emphasises an important aspect of cybernetics as the 

concept of negative feedback. Cybernetics is as yet a young 

discipline, and, like applied mathemctics, cuts across the 

entrenched specializations of the sciences . How far the 

imp lications of this new approach will effect advances in 

science, and psychology in particular, remains to be seen. 
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2. Equilibration 

Piaget believes that the three factors of maturation, 

experience, and social interaction do not suffice to 

explain cognitive development. Me ntal behaviors are 

observed that suggest the child contribut Ps an organizat­

ional, or regulating quality, to development. Equilibration 

means that t~ere is a requirement for t~ese three concepts 

to be in balance. The organism comes to each situation 

with its own cognitive structures, which may be as diverse 

as the infant's reflex a ction patterns or the adult 1 s 

accomodated structures. The discrepancy between the new 

objects or experiences and established structures sets up 

an imbalance, termed disequilibrium. Piaget maintains that 

grovth of knowledge is due to the conflict between structures 

and eve 7ts, the imbalance between what the individual knows 

and new experiences. If the new expe riences are neither 

too novel nor too familiar, they may be assimilated and may 

influence or change those existent structures. In this 

case we may say t ~a t the structures have accomodated to the 

new information. This conflict creates the transition from 

one stage to another. The process by which structures 

change from one state to another is called equilibration, 

and the result of that process is a state of equilibrium. 
" 

What these first three factors have in common is that the 

individual is passive. Something is done to hira; his 

physiological system matures, or he is presented with 

physical or linguistic material to absorb. But intellectual 

development is not this passive and Piaget finds it 

neces sary to call u p on the fact or of the individual's own 

activity. 1 An individual learns to see the world as 

coherent, as structured, to the extent that he acts upon 

the world, transforms it, and succeeds in coordinating these 

actions and transformations 1 (Duckworth, 1964, p .172) • 
Piaget maintains that achieving a near equilibrium in 

a constantly changing situation is the goal of all human 

functions: biological, affective, and above all, cognitive. 

He defines equilibrium as a state in which 1all the virtual 
transformations compatible with the relationships of the 
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system compensate each other' (Piaget, 1957, p.41). 

Life itself is in a field of constant motion and 'intell­

ectual operations pro~eed in terms of structures-of-the­

whole . These structures denote the kinds of equilibrium 

towards which evolution in its entirety is striving at 

once organic, psychological and social, their roots reach 

down as far as bioloGical morphogenesis itself' (Piaget, 

1952a, p.256). Any state of equilibrium is entirely 

theoretical, and at least, only momentarily attainable. 

Piaget thinks that psychology should use the laws of 

equilibrium, which are primarily descriptions of the 

processes of change governing the states of equilibrium. 

Piaget furth ,,r proposes that organisms tend toward 

equilibrium with the enviroment. The organi sm - whether a 

hurr..an being or some other form of life - tends to organize 

structure into coherent and stable patte rns. His ways of 

dealing with the world tend towards a certain balance. He 

tries to develop structures which ere effective in his 

interaction with reality. As Maier states (1965, p.90): 
1 Life is a progressive series of attempts to balance forms; 

each attempt rests upon previous acquisitions; and each -

with increasing complex i ty - creates new forms which furnish 

in turn the foundations for later balance.' 

Equilibration may also be conceptualized as the 

regulator of the relationship between assimilation and 

accomodation. It can be thought of as a mode or style of 

regulation. A given event may be assimilated or accomod­

ated differently by different persons. Structures con­

tinually move toward a state of equilibrium, and when a 

state of relative equilibrium has been attained, the 

structure is sharper, more closely delineated , than it had 

been previously. But that very sharpness points up 

inconsistencies and gaps in the structure that had never 

been salient before. Each equilibrium state therefore 

carries with it the seeds of its own destruction, for the 

child's activiti Ps are thenceforth directed towards 

reducing those inconsistencies and closing those gaps. 

Piaget (1977a) distinguishes three kinds of equilibrium. 
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Firstly there is the rel a tions h ip between assimilation and 

accomodation. 1 There is an equilibrium between the 

structures of the subject and the object; its structures 

accomodate to the new object being presented and the object 

is assimilated into the structures' (Piaget, 1977a, p.11). 

This i s the fundamental form of equilibra tion. Secondly, 

there is an equilibr1u~ among the subsystems of the S 1 s 

schemes. Schemes are coordinated into subsystems, partial 

systems in relation to the total system of the S 1 s knowledge. 

Systems can evolve at differe nt r a tes, and as they evolve, 

there is a need for coordination of the two, or 1 an 

equilibration of subsystems' (Piaget, 1977a, p.11). 

Thirdly, there has to be an equilibrium established between 

the parts of the S 1 s knowledg e and the totality of this 

knowled ge. 1 There is a constant differentiation of the 

totality of knowledge into the p a rts and an integration of 

the pa rts b 2 ck into the whole. Thi s e qu i librium between 

differentiation a nd integr a tion p l a ys a funda mental 

biological role' (Piaget, 1977a, p.11). 

Piaget g ives two re a sons for postulating this fourth 

factor of equilibration. The first relates to a need for 

coordination among the three other factors that have been 

mentioned. Secondly, 'in the act of knowing, the subject is 

active, and consequently, faced with an external disturbance, 

he will react in order to c ompens a te and consequently he 

will tend towards e quilibrium. Equilibr ium, defined by 

active compensation, leads to reversibility. Operational 

reversibility is a model of an equilibrated system where a 

transformation in one direction is compensated by a 

transformation in the other direction' (Pia "et, 1964, 

p.181). This has been restated more recently as 1 in the 

construction of any operational or preoperational structure, 

a subject g oes through much trial and error and many 

regulations that in a large part involve self-regulations . 

Self-regulations are the very nature of equilibration' 

{Piaget, 1977a, p.10). 

To conclude, Pia get defines equilibration as 1 the search 

for a better and better equilibrium in the sense of an 
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extended field, in the sense of a n increase in the number 

of possible compositi ons, a nd in the sense of a growth in 

coherence' ( Piaget, 1977a, p~12). We can see that even 

though it h a s not been possible to define the process of 

equilibration precisely, it is possible to get an overall 

general view of what Piaget considers a fairly basic process 

in cognitive development. 

3. The Relationship between Cybernetics and Equilibration 

Living systems are open systems in the cybernetic sense 

because they exchanee information with their environment. 

If however the system accumulates information without 

subsequent organization, it will cease to exist an an 

indeµendent system. The question is : How is it possible 

to have both stability a ~d change? 

The a nswer to this system lies in considering the 

system of equilibrRtion as a series of feedback loops of 

increasing complexity between the living system and its 

environme nt. The essenti a l aspect of such a process is 

progressive closure, which permits simultaneous extension 

of the environment. Such a system is only possible when 

the cognitive mechanisms function as specialized regulatory 

organs which control exchanges with the environment (Piaget, 

1971, p.354). 
The stability of this system is maintained by the 

achievement of equilibrium, which i mplies a conservation of 

the system. Operations are self-re gulatory mechanisms and 

are there fore perfect regulators of the whole system. 

Piaget's equilibration system incorporates Von Bertalanffy•s 

(1960) concept of equilibrium as a stab le state in an open 

system. This equilibrium is characterized by both a 

stability and a mobility. (See the discussion between 

Von Eertal8nffy and Pia g et in Ta nner and Inhelder (1960).) 
Cognitive functions are specialized factors of self­

regulation which control the exchanges und erlying the entire 

system of behavior. Skinner's (1971) suggestion that 

mediating states of mind can be neglected betrays a lack of 
underst and ing of modern biology , which emphasises the role 

' 
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of self-regulation. Piaget states: 1 The notion of 

operation ••• involves self-regulatory mechanisms. They 

are - in Ashby's sense, in his cybernetic terminology - the 

perfect regulations in that the outcome ls anticipated 

before the act is actually carried out. The feedback, which 

at lower levels has incomplete reversibility, now becomes a 

feedback with perfect reversibility in the sense of 

inversion or reciprocity' (1977a, Po12). These self­

regulatory mechanisms are 'important throughout every level 

of biological development' (Piaget, 1977a, p.9). 

To understand equilibration finally, it is necessary 

to conceive of it as a process, leading to greater and 

greater probability that equilibrium will be reached. That 

this equilibrium will be reached is in the end assured by 

logical necessity. Furth outlines what is meant by this 

logical necessity: 

Piaget related equilibration to implication as 

an intrinsic form of causality within a total organiz­

ation and to the lawfulness peculiar to dynamic systems 

as they are studied in cybernetics. Piaget likes to 

draw a parallel between the probability laws oI' 

equilibration and the transition from unpredictable to 

less predictable and ultimately logically necessary 

responses of strict implication. In this light the 

development of intelli ge nce appears to an observer as 

a coordinated sequence of behavior such that a present 

stage is most likely, c onsi dering the immediately 

previous one, even though the intrinsic probability of 

its occurence, considered from levels far removed, 

appears only small. For Piaget, the concept of 

equilibration makes comprehensible why, in retrospect, 

alternatives or degrees of freedom for further 

evolution or develo~ment are progressively reduced 

with succeeding stages. (1969, p.207 - 208) 

Piaget 1 s theory of progressive stages of development 

is based on this notion of logical necessity. 1 The transit­

ion from one stage to another is therefore an equilibration 
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in the most classical sense of the word. But since these 

displacements of the system are activities of the subject, 

and since each of these activites consist of correcting the 

one immediately preceding it, equilibration becomes a 

sequence of self-regulations whose retroactive processes 

finally result in operational reversibil i ty. The latter 

then goes beyond simple probability to attain logical 

necessity• (Piaget, 1970, p . 725). The s t ructures or 
systems of operations of the stages become neces s ary even 

though they are not so in the beginning. The seed to 

initiate and sustain this development i~ the process of 

equilibrationo 



PART IV 

CONCLUSION 



CONCLUSIONS 

I have tried in this paper to consider Piaget 1 s theory 

from two diver gent directions . Fir s t ly a very precise look 

at a specific area of c½ildren•s beha vior, and secondly a 

l ook at the g e ne r a l me chnnisDs of deve lop~ent and stace 

transition that Piaeet propose~ , s pe cifically equilibration. 

The prograns shown in the Appendicies and discussed in 

Chapter 7 can be seen to model fairly accurately the limited 

area of obs ervable behavior that has been investigated in 

this study. This particular tar get behavior was chosen 

bec ause of its rel a tive simplicity, but, it can be seen that 

even this results in a model of some complex ity. To make a 

production ame nable for observation, the problem are is 

restricte d marked ly. This is what has been done here in 

that a specific aspect of behavior, that of weight seriation, 

has been consid0red in some detail. Extensions to this 

work could involve enlarging the size of the production 

system to incorporate wider aspects of behavior. Further­

more, the procedures which have been based on a random 

model need to be investigated to discover any parameters 

controlling the behavior that c oulc decrease the degree of 

randomness and increase the d egree of prediction. 

The representation of t he problem space used in this 

study has been at a fairly simple level, involving arrays 

for the original and final positions and the balance. This 

simplicity of representati on nakes the problem a very useful 
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one for investiga tion. Compare it for instance with the 

complex representations needed for chess-playing programs. 

Other important areas of possible research include a 

more intensive investigation of whether the production 

systems and base strategies, which have formed the basis of 

the model, are actually "in" the child ready to be brought 

to conceptual awareness. This has lead to criticisms being 

levelled at this type of model c oncerning whether the 

subject actually carries a ''program'' around in hi.s head or 

not. An analogy is perhaps appropriate here. Twice in 

my education I have been introduced to different models of 

the structure of the atom. The latter 6ne was considerably 

more sophisticated but neither are "correct" in any absolute 

sense of the word. The y were both convenient fictions for 

coIJ1P1unicating a model of a tomlc structure. In the same way 

the models presented here are convenient fictions for 

communicating a m0del of the mind's structure. No doubt 

they will become incre a sing ly sop~isticated, but they will 

never be coopletely correct models. 

The consideration of general mechanisms of development 

has not been done in great detail. What was originally 

envisioned was a mathematically-based cybernetic system that 

would be capable of being run as a program, that could 

demonstrate the transition from one stage to another. 

Piaget's concept of equilibration remains a general model 

and would heed to be more formalized before it could be 

used as a basis for any development. Grodins (1965) talks 

about a computer simulation of cybernetic systems in medicine 

and biology. With the biological foundation of fia6et•s 

theory, his vJOrk could lay the groundwork for the simulation 

of Piaget's equilibration concept, conceived of as a 

cybernetic system . 

Other transition mechanisms have been posited which can 

describe the child's movement from one stage to the next. 

These have been outlined in more detail in Appendix VI. 

Firstly there is an approach which considers the transition 

mechanism as a "higher ord er" production system which 

controls other production systems (Klahr and Wallace, 1976). 
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Secondly the work of Pascual-Leone (1970) has exciting 

possibilities in tha t he considers the deter~ining factor 

in any particular sta g e to be the size of the central 

processor , or M- space . This ties neatly in with Piaget's 

concept of a "field of equilibrium". Elements of a 11 these 

approaches may be useful in the final formulation of a 

transition mechanism . Appel and Goldberg's (1977) book 

illustrates that researchers are attempting torr.ore closely 

understand the conc ept of equilibration and its a pr lications . 

How does the work that has been presented here tie in 

with the ori g inal problems expressed in Chapter 1? The 

first problem concerns a lack of direction in research. 

For a large body of researchers, Piaget's theory has 

~epresented a direction, a specific (if broad) area to 

direct the i r attention. The developnent of the child's 

cognitive ability is a n imp ort a nt area, for both theoretical 

development and practical benefit s . Fur t hermore Piaget 

believes that his t h eory represen ts a coherent whole, in 

spite of the f urface diver s ity of its expression. This 

leads to the second problem Newell discusses - that of 

putting all the results of the various experiments 

to gether . It is here that the most exciting possibilities 

of the methods I have been advoca t ing lie . Th e development 
of an efficient symbol processor , the computer, has given us 

a means of "putting it all together". For example , a model 

of motiva t ional factors could be divised and superimposed 

over the seria tion structure, leading to some predictions 

about the effects of interaction between the two. More 

complete environmental representations could lead to such 

factors as the relative s pe e d of descent of the balance pans 

leading to a possible hypothesis about the difference 

between the weights . Developments of programs of other 

specific cognitive abilities may lea d to further work on 

interaction effects. The phenomena being obs e rved are 

complex, and complex models will be needed to simulate them. 

Before the wides pread use of the computer, the only 

material available for the p s ychologist to work on were 

animals and hUr.J.ans . ~he use of ani~als has c onsiderable 
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limitations, eventually leading to a 11 ratamorphic" 

conception of psychology. HW:1ans are satisfactory in most 

respects, but ethical limita tions prevent excessive 

manipulation of variables to deterr.iine effects. Now we 

have available a new experimental field, whose theoretical 

degree of complexity may be similar to ~an's, and who can 

be experir.iented on with no ethic a l problems. 

It would be naive to suggest that in a volatile science 

such as psychology, there should be quite distinct periods 

of analytic fact-finding followed by distinct periods of 

synthesis. The two should occur together. But it is 

important to r~alize thst analytical research has gone on 

for a considerably long period of time. In conjunction with 

this continuing research, attempts should be made to 

synthesize a model of the "whole man". Computer science 

technology is almost at the point where preliminary attempts 

to do this are possible. It is worth noting that the level 

of software development in comp~t er sc ience in well in front 

of its application in psychology. 

It is interesting to note that Piaget's theory already 

has a strong information processing orientation, with his 

emphasis on operations, but diverges very distinctly from 

this with his cor.iplete lnck of emphasis on the processing of 

representations. The develo pment of adequate representat­

ional models is an important area f or further research, and 

may need to precede a more complete mode lling of cognitive 

ability. The concepts of informa tion processing utilized 

in this pa per offe r a powerful methodology for developing 

models of the human information proc e ssor. We are still 

some way from realizing the full implications of the 

statement that the development of the computer will be as 

significant an event for psychology as the development of 

the microscope was for biology. 
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APPENDIX I 
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(* 
(* 
( * ,. 
(* 

BASIC PROCE DURES 

PROCEDU RE GOALCNEWGOALl GOALSET>J 
C* •••• *) '* PUS H A i~ EW uOAL ONTO TH£ STACK *) 

BEGIN 
IF GSX < G~XMAX THlN BEGIN 

GSX t= ~UCC<GSX)J 
GOA~S TACKtGSX) l= NEWGDALJ 

END ELSE 11AL T J 
END C• GOAL *); 

PROCEDU RE SUC~EEDCOLDbOALl G•ALSET)J 
,. ·------ *) <*POPA GUAL UFF lHl UOAL STACK•> 

BEGI N 
IF GSX > 0 THE N 8EGI N 
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LND ELSE HALTJ 
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WRITELNCUUlPUT, !STAGE 1 WEIGHT SERIATION')J 
WRITELNCOUTPUT, •••••••••••••-•-••------•')J 

WRIT~LNCOUIPUT>> WRIT LNC UTPUT)J 
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PROCEDURE CURHENTFINALPOSi 

'* ~-------------- *) BEGlN 
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(* 
(* 
(* 
c• 
(* 
(* 

PROCEUURES FOR 
MOVEMENT OF WEIGHTS 

*) 
•> •> 
=~ •> 

PROCEDUHE POTUPB(VAH NPOI lNTEGERI BPOSI 8ALPOS)) 

'* ------ •> C• MOVEME NT Of WEIGHT~ FROM THE ORIGINAL POSITION TO THE BALANC£ •> 
BEGIN . 

~RITEL NC9UTPUT, ' '145, '~OVE PO[', NP012,'l TO PBC', BPOSl5, 
. l C, POLNPOl, , )t)J 

PBCBPO~l I= POL NPOlJ 
NPO 1= N~O • 1J 

IF BAL~ EMPTY THEN 
BAL t= BPUS 

ELSE BAL 1= BQTHJ 
ENO C• POTOFB •>, 

PROCEDURE PbTUPf(UPOSI UALPOSJ FPUSI INTEGER)) 
C* •••••• •> 

C• MOVEME~T or WE!GHTS FROM THE BALANCE PANS TO THE FINAL POSITION*) 
BEGIN 

WRITEL N<9uTPUT, • '•45, 'Myv~ PBt', BPosas, •1 ro Pre•, rP0s12, 
• ) C , PBtBPOSl, . ) >J 

NPf I= fPOSJ 
Pf[~pf] 1= PBCBPOSlJ 

rt l3~l = BOTH THEN BEGIN 
If BPOS = LEFT THEN 
ELSE ~~t :: ~t~~J 

·-E-N-0 ~E-LSE BAL 1 = t RPTYJ 
END C• PBTOPf •>J 
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C * 
(* 
( * 
(* 

PROD~CT10N SYSTEM 

*) 
•> 
*) 

*> 
*) '* 

PROCEDU~~ ~~~=~!~!~;*) 
BEGIN . 

WRITELNCOUTPUT, 'GGAL = ,, GOALSTACKCGSX])J 

'* PROuUCT!ON 1 •) 
C• ••••-••••• • •l IF NPO > 0 THEN BEGIN 
WRITELNCQUlPUT, ' '125, 'PHODUCTION Ol'>J 
~OAL,f!NDHEAVYLIGHT)J 
£ND ELSE 
C• PROuUCTlON 2 *) 
C• •••••••••• • •> IF NPO = 0 THEN HEbih 
WRITEL~CGUlPUT,' 1 12~, ~PRUOUCTION 02'); 
WRI9TEL~(OUTPUT,'~ULCEEU :, G•ALSTACKC~sxl)J 
sue EEO(SEkIATE), 
END 

ENO C* DOSERIATE •>; 

PROCEDURE DUFINDHEAVYLIGHTi > 

'* ~--------------- * B£CHN 
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- --;iG~Jl Ac>-.L UiE-1..G!UJ __ _ 

END ELSE-
_ _____________________ 0--1.l.!.OOJ...2..tl,_. ---------

011i00131 l 
01110011110 
0111001410 

--------- - ___________ _,,,_~l_(l().14..._1.vO------
------------------------ 0111001410 

0111001410 
0111001410 

---....-----------,,----------·---·--------------------QUJJtQl4JO,_...--___ _ ,... 011100141() 
Q!!~QQ~~!O 



C• PROUUCTlON 4 *) 

'* ·--------- - •) IF BAL IN CLEFT,RlGHTl THE N BEijlN 
WRITEL NCUUTPUT, 1 1 125, 'PRODUCTION 04')J 

IF ~AL: LEFT THEN BEGIN 
PBT OPfCLEFT,NPF+1)i 
END ELS£ BE GIN 
PIHuPf C1dGHT ,NPF +1 )J 
ENDi 

WRITEL 1~CuUTPUT, t SUCCEE.U ,, uOALSTACK[GSX])J 
CURRENTFlNALPOSJ 
SUCCEEu(fINDHEAVYLlGHT)J 
ENO ELSE 
C• PROuUCTIO N 5 *) 

'* ---------- - *) IF BAL= BUTH THEN BLGIN 
WRITE UH OUTPUT, ' ' a 2 5, ~PR u DU CTI ON O 5 ' ) J 
If PB[~EFTl > PBC RIGHTl THEN BEGIN 
PBTOPF,LEFT,NPF+l)i 
PBTOPFCRIGHT,NPF+l)i 
END ELSE BEGIN 
PBTOPF,RIGHT,NPF+l)i 
PBTOPF,LEFT,NPF+l)i 
LNOi 
WRITEL WCOUlPUT, • SUCCE[D ', UOALSTACKCGSXl)J 
CURRENTFINALPO~J . 
f~8JEEuCfI~OHEAVYLIGHT)i 

END C• DOfINDHEAVYLIGHT •>J 

PROCEOUR,E DuWlIGHJ 
.. ·------ *) BEGIN 

WRITELNCOUTPUT, ' GOAL: •, GOALSTACK(GSXl)J 

r:- ~!~~~~~ ~ : ~ 
It NPO > 1 THEN BE~IN 

.. ·I-l-fi.- u+trtff1> ttt~'-t..+? s-, ~Pflo-o-tJ-C-TION o-6-~)J---~----~------------
POTOPB,NPO,LEfT)J 
POTOPB,NPO,RIGHTlJ 
WRITELNCOUTPUI, ! SUCCEED •, GOALSTACKCGSXl)J ~gc~Eg~wt-~ • - --

01110014:0 
0111001410 
0111001410 
0111001410 
0111001410 
0111001410 
0111001410 
011:0014:0 
011&001410 
0111001514 
0111001514 
0111001014 
01P001E15 
011:002013 
0111002110 
0111002215 
0111002215 
0111002c10 
011•002c14 
011,002013 
0111002EIO 
0111002EIO 
0111002£ 0 
0111002£ O 
0111002F 2 
0111002f 2 
01110037 2 
01110039 0 
011:003A 4 
0111003C 3 
01110030 O 
01P003E ~ 
01110040 3 
01110040 3 
011i0049 4 
0111004A 2 
01110046 1 
011•004811 
0111005714 
0111005714 
0111005714 
0031000011 -
0031000011 
0121000011 
012•000912 
0121 O"Oo-9T2 -
012•000912 
0121000912 
012&000A13 

ltj 
p) 

(lQ 
(D 

-.:n-
--.J 

o t2 t-o-oiTA-t a~-----
01210012 a a 
012iOOLHS 
o12'88lf:~2,_ ____ _ on-a ,-. 
012aoo1fal 
012•002010 
0121002010 

-----------------..... ----....----------------------- -- ---o-i-2-a-o-tto-i-0.------
012 ~ 0020 a o 



(• PROuUCTlON 7 *) 
C• •••••••••• • •l 
l f" _NJ~_O = l T J:l EN B LG I N 

WRITEL NCOUTPUT, • 
POTOPB(N PO,LEFT)J 
~'4 R LlE L N C OU l.P UT , 1 

SUCCEEUCWEIGH)J 
ENDJ 

END C• DO WEIGH •); 

1 125, ~P~ooUCTION 07')J 
SUCCEED ', GOALSTACK[GSXl)J 

0121002010 
01210020,0 
012•002010 
012•002010 
012i0-020l0 
012•002010 
0121002010 
012•002010 
012,002.010 
0121002111 
0121002111 
0121002911 
0121002Al3 
012:003314 
012'003414 
01210034&4 
0121003£14 
0121003£: 4 
0121003E 4 
012I003E 4 
0121003£: 4 
0121003£: 4 
0121003£ 4 
0121003£ 4 
0121003£ 4 
012•003£ 4 
0121003£ 4 
0121003£ 4 
0121003£ 4 
0121003£ 4 
0121003£ 4 
0121003£ 4 
012•003£ 4 
0121003( 4 
012*003( 4 
0121003£ 4 
0121003£ 'l 
012•003£ 4 
012•003£ 4 

1tl 
ll) 

()Q 
(I) 

'° CP 

---

012•003£ 4 
01210Q3E 4 
012i003E 4 
012I003E 4 
012•003£ 4 
012 • 003E: l4 
012•003£*4 
012•003£14 
012i003Ei4 ____________ o 12Ti• o_o_J_u ~4._ _____ ___ 
012 003£14 
012I003Ei4 
012•003£14 

--------------- O+l'-'2 l0-<Uc;..EJ.Jl 4- -----
012l003E 14 
012i003E14 
012i003E14 

-
__________ ,........... _______________________________ 7 12&001EJ...!l'-.....;...----

0121003E14 
Q~~~QQ~~1~ 



(* 
(* ~: 
(* 

BEGIN 
lNITIALISEi 
lNPUTOFDAT;d 

'*PROCESS•) 
REPEAT 

MAIN PROGRAM 

CASL GOALSTACK[GSXl OF 
SERlATE: OuSERIATEJ 

* ) 
*) 

: ~ 
* ) 

FINuHEAVYLluHTI OOFINDhEAVYLIGHTJ 
WEiuHl 
NONES 
ENDi 

DOWEIGHJ 

UNTIL uOAL~TACK[uSX] = NONt::i 

fINAL.PuSJ C* PRINTING OF FINAL POSITIONS*) 

0121003ES4 
0 t2 I O O 3 E ,--4 
0121003E 4 
012&003£ 4 
0121003£ 4 
012l003E 4 
012&003E 4 
012i003E 4 
012*003E 4 
0121003£ 4 
012&003E 4 
0121003E 4 
Ol21003E 4 
0121003( 4 
012•003£ 4 
00310000 1 
00310000 5 
00310001 .3 
00310001 3 
00310001 3 
00310001 3 
0031000214 
0031000214 
003l0003*5 
0031000315 
00310005&0 
Ou3l0005tO 
0031000611 
0031000611 
003I0006f1 
003l0Q0611 
0031000DS0 
003i000£:4 
0031000£14 
0031000ft2 
0031000fl2 END• 

=====================================COMPILATION 
FILE TITLE: CARD• 

[LE TITLE& WITH• 
) BY CDMPILLR 

SUMMARY================================================== 

)E SEGMENTS VALUE ARRAYS EST• STACK EST• MEMORY DISK SECTORS - : 
12 1 (JQ 

539 64 51 1366 49 @ 

===========================================================================================cz====z==~======.._ 

Mi'.SS!Y UNIVERSITY 
LIBRARY 

'° '° 



ST AGE l W EJ G H L S E 8 IAJ I ON 

------------------------
OkIGJNAL POSITION& 

ldO•OOOOOO 1791000000 182t700000 

GCJAL = SERlAT£ 
uOAL = FlNDHEAVYLIGHT 

GOAL= WEIGH 

SUCClED WEIGH 
~OAL = FlNDHEAVYLIGHt 

suCCElTD tINDHEAVYLIGHT 

PRODUCTION 01 

PRODUCTIUN 03 

PRODuCTIUN 06 

PRODUCTION O!> 

CURREN FINAL POSITIONt 
lti0•800000 176•1UOOOU 0•0000000[+00 

GOAL= SERIATE 
PRUOUCTluN 01 

1.iOAL = fINDHEAVYLlGHT 
PRlJDuCTiuN 03 

GOAL= WEIGH 
t' R u DU C T I U N O b 

succt:.ED WEIGH 
uOAL = FINDHEAVYLIGHT 

PRODuCTiuN 05 

SUCC£LO fINDHEAVYLlGHT 
CURREN ·r FINAL POSITIONS 

1tio,aooooo 11e,100000 1a1.trnoooo 

- - --~ 
SEF<IATE GUAL = 

.GO = t-Iti11HE-A..'LY..L-lGJH P R OD U C T I U N O 1 
. ~__, - - 0 3 -

GOAL :a WEIGH 
PRODUCTION 06 

181,600000 177,200000 

MOVE PO( 71 TOP~[ LEFT] C 
MOVE PO[ 6l TO P~[RlGHTl C 

MOVE PBCRIGHTl TO pf[ ll C 
MOVE PB[ LEFTJ TU PFC 21 C 

O•UOOOOOOE+oo O,OOOOOOOE+OO 

MOVE PO[ 51 TO PB[ LEFT] ( 
MOVE PO[ 4l TO P~[RlGHTl ( 

MOVE PB[RifHTJ fU PF[ 31 ' MOVE PB[ L fTl O Pf[ 41 ( 

177,200000 0,0000000£+00 

-

1ao.aooooo 

17d•100000) 
180•800000) 

180•800000) 
17b•100000) 

o,oooooooE+Oo 

177•200000) 
181•800000) 

181•800000) 
177,200000> 

178t1000UO 

0,00000001:.+oo 

o,oooooooE+oo 0,00000001:.+oo 
-~ - - __ ,.. ___ - - - .. - - .. 

'1::! 
si, 

(JQ 
(1) 

- --_. 
0 
0 

M-0-'JE POLl.l To e-at LEFT-l- C -- 1-82..• 7000.00J 

SU C C~E Df IN~~ ~2~ y LIGHT eR.Ol>JJ-.CliQlL..0_~ ·· - .. .. -bOAL , 
MOVE PO[ 21 TO PB[RIGHTl C 179•000000) 

i- -~ Ta-2,10·0-o_o_o 
To pre 6l C 179•000000) 



1bo,sooooo 178'100000 181,800000 

GuAL = SERIATE 

1.JOAL = PRODucTtuN 01 
FINDHEAVYLIGHT 

GOAL= WEIGH 
PRODUCTluN 03 

fJRODUCTILIN 07 

SUCCt.[O ME!GH 
~OAL ~ FIN H AVYLIGHT 

PRODUCTION 04 

~UCCEto FINOHEAVYLIGHT 
CURREN~ FINAL POSITlO~t 

181,600000 1 0•800000 1 6•100000 

GUAL = SERIATE 
t'RUDuCTiuN 0~ 

sucCEt::U SERIATE 

flNAL PQSITIO Nl 
1tj0•800000 178,100000 181,800000 

-

~ 

177,200000 182e700000 179,000000 

MOVE PO[ 11 TO P~C LEFT] ( 180•000000) 

MOVE PB[ LEFT) TO PF[ 71 ( 180,000000> 

177•200UOO 182•700000 179•000000 

177•200000 182•700000 179,000000 

0,00000001;.+oo 

180,000000 

180,000000 

.._, 
Pl 

()Q 
(l) 

__. 
0 __. 

- --



Pa ge 102 



B67uo PASCAL COMPILER VERSION 2•9•001 MONDAY, 1979 NUVEMBER 26, 04101 PM. 
- -- ,re - --- :a=·=-=======--========·============================== =====a:========= =a======·•===== ==:a 

CARD FILE 1• CARO• 
PROURAM STAGE1J 

'* C• 
<• <• 
<• 
C• 

STAGE 1B WEIGHT SERIATION ----- -- ------ ---------

. ) 
•> 
•> •> .. ) . ) 

'c* SIMULATION Of STAG[ 1 WElsGHT SERfATIONT BEHAVIOR•> 
* INPUT lS A LIST OF WlIGHT FOR I EMS UBE SERIATED •> 

C• LIST MAY BL ANY LENGTII, UP TO 20, SEPERATEO BY COMMAS •> 
CONST 

MAX= 20; C• MAX• NO• OF ITEMS WHICH CAN HE HANOLlD *) 
GSXMAX = 10J (• MAX• UEPTH OF GOAL STACK*) 

TYPE: 
GOALSET = CSERlATE, FINDHERAVYLlGHT,WE}GH, NONE)J 
BALSTATE = (EMPTY, LEFT, IGHT, BOTH> 

VAR 
BALPOS = LlFT •• RlGHTJ 

PO,PF l ARRAY [1 •• MAXl OF REALJ C* URIGINAL & FINAL POSITIONS*) 
NPO, C• NO• OF ITEMS I N ORIGINAL POSITION*) 
NPF, C• NO• OF ITEMS IN FINAL POSITION•> 
NORIG, (* NO• UF ITEMS ORIGINALLY PRESENTED*) 
K : 0 , • MAXJ 
BAL l UALSTATEJ 
PB I ARRAY C8ALPOSl OF REALJ C• BALANCE PANS*) 
uOALSTACK I ARRAY lO ,. GSXMAX l OF GOAlSETJ 
uSX 1 0 • • G SXM-AXJ 

003:0000:1 
0(131000011 
00310000'1 
0u3I00001l 
00310000:1 
0031300011 
003 00011 
003 000011 
003 000011 
003 000011 
003 000011 
0()3 000011 
003 0000:1 
003 000011 
003 000011 
003 0000:1 
003 000011 
003:0000:1 
00310000l1 
0031000011 
00310000'1 
0031000011 
003:000011 
0031000011 
003:000011 
003:000011 
Ou3&0Q0011 
003:000011 
00310000:1 
0031000011 
0031000011 
003l000011 
0031000011 
0031000011 
0031000011 
0031000011 
0031000011 
0031000011 
0031000011 - - ·-- -- -- - - - - ~ - - O O 31 O O U-0 H 
0031000011 
0031000011 
0031000011 

"u 
p, 

()Q 
(D 

~ 

0 
\.,J 

---------------........ -- --~--------oo-3-a-o-o-ooHla-1------
003100001 
00310000i1 
003*000011 

-~~ - - - -O'o 3 t'O-O"()Vt..-il1------
oo31 o o o o a 1 
0031000011 
003&000011 ---oo-3-t <T()i)t-AOrt1+1----___,.__, 
Q9J!OOQOl1 



(* 
C* 
(* 
C* 
(* 

BASIC PkOCEDURES 

PROCEDURE GUALC NEWGOALI GOALSLT)J '* ---- •> i• PUSl:l A 11Ew_ GOAL ONTU THL STACK*) 
BEGIN 

If GSX < G~X MAX THLN BEGIN 
GSX :: ~UCC(GSX)J 
GUALSTACK[GSXl &: NLWG0ALJ 

t:NU ELSE HALTJ 
END C• GOAL •n 

PROCEDURE SuCCEEOCOLDGOAL& G•ALSET)J 
,. ------- *) C• POP A GUAL uFF THE GOAL STACK•> 

AEGIN 
IF GSX > 0 THE N BEGIN 

IF uOAL~TACKCuSXl = ULDGOAL THEN 
GSX 1= 1.aSX • 1 
El.St. t-lAL T J 

C:.ND ELSE HALTJ 
END C• SUCCEEU *); 

PROCEDURE INITIALlSEJ 
C• •••••••••• *> 

•) 
*) 
•) 
•) 
•) 

BEGIN 
GSX I= o; GUALCNONE)i G0ALCSLRIATE)J 
BAL. I= EMPTY> 
NPF I= o; 

END C• INITIALISE •)J 

PROCEDURE INPUTOFOATAi 

(* ----------· •> IL(LMi O I = (fJ . • 
REPEAT 

NPO t = NPO + 1 J 
RU. D ( I N e.u LL.P ..ol.Jie.ol) J 

UNTIL EOf(INPUTH 
NPO I= NPO • 1i 
NORIG •= NPOJ I I:: tif..0-LMA.X.J.liE.J~ fir r. lN ----- 'w Rl TE L N C O IJ T PUT, 'TO o'~ ........ .,..,._ ., .. -.---.--... - -=-.--c. _ _,.,_ 

NPO le: MAX __ r- .. , - . 

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

Ov3I000011 
0031000011 
0031000011 
0031000011 
0031000011 
003&000011 
0031000011 
00310000&1 
0031008011 
003:oo 011 
00310000&1 
0031000011 
0031000011 
0031000011 
0031000011 
0031000011 
0031000011 
003iOOOOi1 
0041000011 
0041000113 
0041000214 
0041000410 
0041000614 
0041000912 
gg::gggi:~ 
0031000011 
0U31000011 
0031000011 
006:ooou:1 
00610001:2 
0061000310 
0061000Jl2 
0061000815 
OU6I000013 
006lOOOE11 
0061000£11 
OU610Q0Ell 
Ov31000011 
0031000011 
001:000011 
0071000214 
0071000312 
0071000410 
007 I 00-04.J 4 
0071000414 
0071000414 
0031000011 
Q_Q3J_QQ_O-'lJ...1 
oos•oooo11 
006100001~ 
0081000015 

'ti 
jl) 

(JQ 
(1) 

...... 

E-

...Q.0.8 i...0.01-l.l0-'2J..1.v0------
00810008 l 3 
0061000810 
008l000Ci1 

--------------------:0_0 _8J_0_Q_QD_I 0 _____ _ 
008&0Q0El2 
QO~H>O~llJ 



1m I T E L 1-. C U U T P U T , ' S T A GE. 1 W l l G H T S ER I A T l O N ' )J 
~RITELNCOUTPUT, •••••••••••••••••••••••••')J 

WHITEL.N(OUT~UT); 
WRITELN<OuTt'UT)J 

WRITELNCUUTPUT, 'OHIGINAL POSITION&'>J 
FORK a= 1 TO NPO uo WRITEcouTPuT, PO[K))J 
l'IR I TEL14 C OUTPUT H 
WRITE LI~ C OUTPUT) J 
WRITEL ,J((JUTPUTH 

END C• lNPUTOfOATA •)J 

PROCEDURE CURHENTFINALPOSi 
,. ·-------------- *) BEGIN 

HRITELi~CuUTPUT, 'CURRE t~T FINAL POSITION&'); 
FORK I= 1 TU NORI~ DO WRITLCOUTPUT, PFlKl)i 
11 RITE L 1~ C OUTPUT); 
1rnIH.Lt~ C lJUl PUT )J 
W R I T E LI~ C OU T P U T ) ; 
WRITEL NC CJUl PUT )J 

END C• CUKRlNTFINALPOS •)i 

PROCEDURE flNALP •~; '* ···----· •) BEGIN 
liR I TELN C OUTPlJT )i 
w R I T E LI~ C CJ u T p u T l ; 
WRITELNCUUTPUT, 'FINAL POESITION&')J 
fOR K a= 1 TO NPF uo WRlT couTPUT, Pf[K))J 
W R I TE Lr~ C O U T P U T ) J 

END C• fINALPUS •)J 

• 
0081001812 
00810Q16t2 
0()81001812 
oua:001a12 
0081001812 
008:001s12 
008&00181~ 
008&001E12 
0081002412 
0081002610 
0081002814 
0081003114 
0081003013 
ooa:004111 
0081004415 
0081004813 
0081005E14 
oue:oos£14 
0081005[14 
0031000011 
0031000011 
ooc:000011 
OOCI000611 
ooc:0012:0 
ooc:001514 
ooc:0019:2 
ooc1001010 
oocaoo2014 
oocaoo2c14 
ooc1002c:4 
ooc:002c:4 
Ou3lOOUOtl 
Ou3&000011 
000 I 0000 t1 
Ou0&000315 
0001000713 
ouo:000013 
000•001912 
0001001010 
000:002114 
000: 002714 
0001002714 ~ 
0001002714 A:J 
0001002714 ~ 
000&002714 1ro o I cr o 27 r 4 - __,, 
00D1002714 o 
0001002714 \J1. 
0001002714 

-oo--o--i-0-0-211 4- -----­
oooaoo2114 
0001002714 

----------------~ -~----------- ------ -------------- 888 :-gi~-: :..--------
00bI002714 
0001002714 
0001002714 ,,__......,..._.....,... ____________ ...._ ______ ~~---------------~~~--0-0-0-•~-t<h------..... 
000~002714 



(* 
C * 
<* 
(* 
(* 

'-* 

PROCELJURES r•R 
MOVEMENT Of WEIGHTS 

*) 
•) 
•> •> •> •> 

PROCEDURE POTUPBCVAR NPUt INTLGERi BPOSI ~ALPUS)J 
,. ------ •> C• MOVEMENT Of WEIGHT~ FROM THE OHIGINAL POSITION TO THE UALANC£ •) 

BEGIN 
WRITEL~C9UlPUT, • •145, 'MOVE ~oc•; NP •12,'l To PBl', BPOS15, 

• J C, POCNPO], ~) )J 

PB[BPO~l I= POlNPOlJ 
IJPO I= NPO • 1i 

Ir BAL= EMPTY THEN 
BAL I= BPUS 

ELSE BAL I= t30THi 
END C• POTOPB •)J 

PROCEDURE PbTupf(uPus• tiALPOSi FPUSI INTEuER)i '* ------ •> C• MOVEME1H 0~ WEIGHT!> FRUM THE BALANCE PANS TO THE FINAL POSITION •) 
BEGIN 

WRITEL N<QUTPut, • •145, !Myv~ Pac•, aPusas, 'l To PFt', FPos12, 
l C , PBlB~OSl, , ) ); 

NPF I= f PO Si 
PF[~Pfl 1= PB[BPOSlJ 

IF 8AL = BuTH THEN BlGIN 
If BPOS = LEFT THEN 

BAL 1: RIGHT 
ELSE BAL •= LErTJ 

ENO .ELfE 8A~ UL.E.M e.TY; 
END C• PB OPF •>J 

ouo,002714 
0001002714 
0001002714 
0001002114 
000&002714 
0001002714 
ouo:002114 
0001002714 
0001002714 
0001002714 
Ou0l002714 
0001002714 
0001002714 
000 I 0027& 4 
0001002714 
003iOOOOl1 
0031000011 
003i000011 
OOEIOOOOtl 
OOEIOQOl)I~ 
OO[I00151J 
OOElOQ1513 
OOEI001715 
OOEI001911 
00[1001911 
OuEIOOlA:.:i 
OOEl001Al2 
OOEIOQ1Cl3 
OCJEI001£14 
OOE I 001 t.: I 4 
OOE1001E14 
Ou3&0Q0011 
Ou31000011 
0031000011 
oor,000011 
OOF'I000D15 
OOfl001513 
OOF1001513 
OOFIOQ1612 
OOfl001814 
00f&OQ1814 

1-tj 
Sl) 

OQ 
CD 

-' 
0 
0' 

00f'IOQ1AIO 
00fl00181l 
00f'I0Q1811 
_Ol)f lOOU.)U 
OOFI001E12 
oor•oo2014 
oor1002014 

i-..wJ.J J·d.EJi£ R ;_ tp_JlSJ J}Ltt GER H---------~-------- 00 rJ..O 02..Q __ ,._l 4'"-------
- 0031000011 

FROM THE ORIGINAL POSITION 0031000011 
TO THE FINAL POSITION•> 0031000011 

- -------------- _______________ CULlJ_..()__Q.0..0,..1_._1 _____ _ 
BEGIN 0031000011 

WRITEL~CQUTPUT, • 1 145, ~MoyE Poe•, NPua2,~l To pre•, rP0s12, 0101000011 
. l C , POCNPO], ;> . >J 0101000D10 

NPf * = r POS) 8-t 8188 l~i{----,-----
r.fJJ,~E l .,!~ E0~~P0lJ -- Q!Q!QQ!~!J 

C• 



(* 
C* 
C* 
C* 
(* 

PRODUCTION SYSTEM 

PROCEDURE OOSLRIATEi 
C• ••••••••• •~ 

* ) 
•) . ) 
•> •> 

BEGIN 
WRITELNCourpur, 'GUAL = :, GOALSTACKLGSX])J 

',* PROUUCTlON 1 •> 
• ---------- - •> IF NPO > 1 THEN BEGIN 

rrn ITEL 1~ cu u T p u T, ' • z 2 5, • P t<a Du c TI o N o 1 ' >J 
GOALCFINDHLAVYLIG~T)i 
t::ND ELSE 

C• PROuUCTlON 2 •l 

'* ---------- - •> IF NPO : 0 THEN BEGIN 

~RITELN COUlPUT,' 1 12~, 'PRUOUCTION 02 1 JJ 
WRITELNCOUTPUT,'SUCC(EO :, GOALSTACK[~SXl)J 
SUCCEEuCSERIATE)i 
t.ND EL~E 

C• PROuUCTION d *) 

'* ---------- - •) I f NP O :: 1 THE I~ BEG I N 

WR ITEL NCOUTPUT,' •12~, 'PRUOUCTION 08'); 
POTOPFCNPO,NPF+l)J 
MRITELNCOUTPUT, SUCCEED :, GOALSTACK[GSXl>J 
SUCCEEOCSERIATEH 
ENDJ 

END C • u0"SERTA TE •>; - --- --- - - ---- ----

0101001B14 
O 10 l 00 11.H 4 
010&001614 
01oaoo1a14 
010&001Bi4 
0101001814 
0101001814 
010l001tH4 
0101001814 
010lOOlEU4 
010•001s14 
010•001ss4 
010l001B14 
010&001614 
0101001814 
00310000:1 
0031000011 
0111000011 
01110009&1 
0111000911 
01110009&1 
0111000911 
0111000All 
011&0QOAl2 
01110012:1 
0111001310 
0111001313 
0111001313 
0111001313 
0111001313 
01110014 4 
01110014 4 
0lH00lC 4 
01110025 5 
01110026 4 
01110027 1 
01110027 1 
01110027 1 
01110027 1 
01110028 2 
01110028 2 
01110030 2 - 1-t:J 
01110032 2 ~ 
011&003BS3 ~ 
0111003Ct_2 
01 fl 00"J"C r2-- _., 
011&004614 o 
01110846&4 --.J 
01 IQ 4614 PROCEDURE DOFINDHEAVYLiuHTi ) 

* ·--------------- ~ BEGIN 
. -- ~ - -OVJt o-0-0-0----1 ..... 1------

WRITELNCOUTPUT, t ~OAL ~ :, GOALSTACK[GSXl)J 
003 I 0000 I 1 
012&000011 
0121000912 

C• PROUUCTIO l'r"J tr) 

'* --------·-. •> IF BAL= EMPTY THEN BEGIN 
1-2 : f-RU-OOC-T I 0 

7n7t cnrcrv 1"2 
012100091.:! 
0121000912 
0121000A13 ~~t------~~-----------~~-- n~-~------
012~00l2J3 



C• PROUUCT!ON 4 *) 

'* ---------- - *) IF BAL IN LLEFT,RI~Hll THEN BEuIN 
WRITELNCOUTPUT,• •125, 'PRODUCTION 04 1 )J 

If UAL= LEFT THEN.BEGI N 
PBTUPFC~EFT,NPF+t), 
END ELSl BEGIN 
PBTUPFCKIGHT,NPF+l)J 
ENDi 

HRI TEL~CUUTPUT, ' SUCCElD ', uOALSTACKCGSXl)J 
CURRENTtINALPOSJ . 
SUCCEEUCFINOHEAVYLlGHT)i 
END ELSE 
C• PROUUCTlON ~ •> 
'* ---------- - *) IF BAL= BuTH lHEN BlGIN 
WRI TEL N(~U TPUT ,' •:25, !PRODUCTION 05'); 
IF PB[LEFTJ > PBtRIGHTl TH£N BEGIN 
PBTOPf,L£FT,NPF+1)i 
PBTOPFCRIGHT,NPt+l)J 
lND ELSE BlGIN 
PBTOPFCRlGHT,NPF+l)J 
PBTOPFtLEFT,NPF+l); 
£NOJ 
WR ITEL NCOUTPUT, ' ~UCCElD •, GOA LSTACK(GSX]}J 
CURRENTFINALPOSJ 
SUCCEEuCFINDHEAVYLlGHT)J 
ENDJ 

END C• DOfINDHEAVYLIGHT •>J 

PROCEDU-RE OOWt.lGHJ 
(* ------- *) BEGIN 

WRITELNCOUTPUT> t GOAL= !, GOALSTACKCGSXl)J 
C• PROUUCTlON 6 •> 
'* ---------- - •) IF NPO > 1 THEN BE~IN 

01210014:0 
0121001410 
0121001410 
0121001410 
012•0014:0 
0121001410 
0121001410 
0121001410 
01210014:u 
0121001514 
0121001514 
0121001014 
0121001(15 
0121002013 
0121002110 
01210022:5 
0121002215 
0121002c:o 
0121002C14 
012:002013 
0121002t:10 
0121002E.10 
0121002EIO 
0121002EIO 
0121002f1i 

81~:gg~~i~ 
0121003910 
0121003Al4 
012'003Cll 
0121003UIO 
0121003£15 
0121004013 
0121004013 
0121004914 
0121004Al2 
0121004B11 
0121004B11 
012:005714 
0121005714 

----- - -

0121005714 
0031000011 ""d 
003&000011 : 
81 i: 88.8~ L~ co ____ _ 
0131000912 ~ 

8ti:gggi:~ g 
----------------------- 0.1-3&..0-Q.0"-AJ..._J ______ _ 

, P~OOUCTION 06!)J 013*000All ~~f6~b~~~8!E~tf >; • 12 51 

WOOOT P NPO,RIGHTlJ 
( OllTClllf. ' 

. 

I ENO iE~WElGH)i 

0131001213 
013*00131~ G.0-A-L-S-l-Autos.U,,__ ______________ ~--- -0-1-3_..l.QQ 15 a 2 
0131001E13 
0131001fl3 
0131002010 

--------------------------------------------- ·~3...LQQ.20_L . .._ _____ _ 
0131002010 
0131002010 



C• PROUUCTIO N 7 *) 

,. --------·- - •> It NP• = 1 THE N UE~IN 

1m I TE L N ( 0 U T P U T .- t ' I 2 5 .- ~ P fl OD UC T I O N O 7 ~ >J 
POIOPBCN PO,LEF T); 
WR TEL NCOUTPUT, ' SUCCEED ', GOALSTACKCGSX]); 
~~gJEE uCWEIGH)J . 

E N D C * U O W E I G Ii * ) ; 

- - - - -- - - - ---------·-- -- ----

0131002010 o r 3 a o o 2-0 1 o -
0131002010 
0131002010 
013;002010 
0131002010 
013100201U 
0131002010 
0131002010 
0131002111 
01310021S1 
0131002911 
0 31002AIJ 
013SOQ3314 
0131003414 
013'003414 
013I003E14 
013t003E14 
0131003E14 
0131003E14 
0131003E14 
013:003Et4 
013; 00 31:.: 4 
0131003[14 
0131003E14 
0131003E14 
0131003[&4 
0131003£14 
0131003E14 
013I0031:.i4 
0131003[14 
0131003£14 
013lOQ3E14 
013I003E14 
0131003£14 
0131003E14 
0131003£14 
0131003E14 
0131003£14 
013'003E14 
01310031:.14 
0131003E14 
0131003(14 
0131003£14 

Frj 
~ 

()Q 
(1) 

~ 

0 

'° 

013 I 003~_14 
013100~Ei4 
0131003£14 
0131003£14 
013tillE14 
0 r3 • u u .Jrnf ------
013*003E14 
013*003Et4 
013IOOllt_,..4 ____ _ 
0 1 3 I 01J"3"("'1 
0131003El4 
013&003E14 
013&003t.14 .......,...,..........,......., _____________ ~---------,----,.--....... -----~---------~~--*0~1~3ei-il 0-o-3-t:.-r<·- -----..-. 
Q!J~QOJf.14 



(* 
(* 
(* 
(* 
(* 

BEGIN 
lNITIALISEi 
lNPUTOfDATAJ 

MAIN PROGRAM 

C• PROCESS•> 
REPEAT 

CASE GOALSTACK(uSXl Of 

:~ 
*) 
*) 
•> 

SER!AlEI DuSERIATEJ 
FlNUHlAVYLI~HTt uOflNDHEAVYLIGHTJ 

WElt.iHI 
NONtl 

DUW£IGt1i 

ENDi 
UNTIL ijQAL~TACKCuSXJ = NUNt.i 
FINALPUSI (* PRINTING OF FINAL POSITIUNS *) 

END• =====================================COMPILATION 
FILE TITLE& CAttD• 

[LE TITLE& .-UTH• 
) BY COMPIU.R 

0131003(14 
0131003E14 
0131003£14 
013&003[14 
0131003£14 
0131003[14 
0131003t.14 
0131003(14 

813*803£14 
131 03E14 

013&003E14 
0131003£14 
013I003E&4 
0131003(14 
0131003E.14 
00310000:1 
0031000015 
0031000113 
00310001:3 
003&0001:J 
0031000113 
0031000214 
0031000214 
003100031!:> 
00310003&~ 
003&000510 
0031000510 
00310006:1 
0031000611 
0031000611 
0031000611 
0031000D1U 
003:oo0E14 
0031000£14 
003l000fl2 
0031000f:4! 

SUMMARY================================================== 

)E SEGMENTS VALUE AHRAYS ~ EST• STACK EST• MEMORY DISK SE.CTORS -u 
13 1 p, 

595 71 52 1399 53 OQ ::_:;v:=:==~===============c===================================================•===========-=====•=~~===-==;~: 
_,, 
_,, 
0 



STAGE 1 WEIGHT SERIATION 

------~-----------------
ORIGINAL POSITIONS 

180•000000 179,000000 182,700000 181,800000 177•200000 180,800000 1761100000 

GuAL = SERIATE 
uOAL = FINDHEAVYLIGHT 

PRU-OUCTIUN 01 

GOAL= 
PRLJDUCTIUN 03 

WEIGH 
PRCIDUCTIUN 06 

MOVE PO[ 71 TOP~( LEFTl ( 178'100000) 
succt.ED WEIGH 

MOVE PO( 6l To P8CRIGHTl C 180•600000) 
bOAL = FINDHEAVYLIGHT 

PROOuCTIUN O!> 
MOVE PB(RIGHTJ TB PF[ 11 ~ 190•600000) MOVE PB[ LEFT] T PF[ 2l 1 8•100000) 

SUCCElO FINDHEAVYLIGHT 
CURREN 1 FINAL POSITION* 

ttio,aooooo 11a.1oouou 0,0000000£+00 o,uooooooE+oo o.oooooooE+oo 0,0000000£+00 0.00000001::+oo 

GuAL = SERIATE 
CiOAL = flNDHEAVYLIGHT 

PROOUCTIUN 01 

GOAL= 
PRUDUCTiuN 03 

WEIGH 
PRLJDuCTiuN Oo 

MOVE PO[ 51 TO PB( LEFfl C 177a200000) 
MOVE PO[ 4l To P8[RluH l C 181•800000) 

succt.tD WEIGH 
~OAL • flNDHEAVYLIGHT 

PRODvCTION O!> 
MOVE PB[RIGHT] TU PF[ 3l ( 18t•800000) MOVE PB( LEFT] TU PFC 4 ( 17 •200000) 

SUCCE~D FINDHEAVYLIYHT 
CURREN

8 
FINAL POSITION 

1811800000 l 0•800000 176•100000 177,200000 o,oooooooE+oo O•OOOOOOOE+OO 0.00000001:.+oo 

-- - --- - - - - - - - - - - -·--- - < -- - - - -- 1-rj 
ll) - - -

GUAL = SERIATE (Jg 

PRCJOUCTIUN 01 (I) 

GOAL• FINDHEAVYL.IGHT --' 

GOAL= WEIGH 
PRCtDtrCTicrN 03 

--' 

PRODUCTIIJN 06 
MOVE PB[ 3] TO p~[ yEFTl 192,700000~ C 
MOVE PC 21 TO PBCR GHTl C - - l 9--a 000000 SUCCl:.ED WEIGH 

uOAL s FINDHEAVYLIGHT 
PRODUCTION 05 

M-0-VE- PR ,-1EF-T-l rn PF~ -s-~ -r - 1-9 2--r7 0-00-0-0 ) 
SUCCEEOt FINDHEAVYLIGHT 

MOVE P CR GHTl U PF 6 l 9•000000) 
CURRENT INAL POSITIONI 



1~0•800000 - 178duOOOO ltl 1, b00000 

GOAL= SERIATE 
PRUDUCTIUN Qt; 

SUCCEEU SERI ATE 

FINAL t'QSITION& 
lijQ,800000 178el0000U 1a1.sooooo 

177,200000 182t700000 179•000000 O,OOOOOOOl+OO 

MOVE PO[ 1] TO PFC 7l ( 1ao.oooooo) 

177•200000 162•700000 179,000000 1ao.oooooo 

~ 
si, 

OQ 
CD 

_., 
_., 
I\) 
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ArPENDIX III 

ST AGE 1 (ALTEHIJATIV:2: ) WEIGHT S h~nIJ\TION i?ROGRAM 



86700 PASCAL COMPILER VERSION 2.9.001 MONDAY, 1979 NOVEMBER 26, 10156 AM. ~~=~===========================================================~================ 
CARD FILE i• CARO• 

PROGRAM STAGED 

( * 
( * 
C• 

'* ( * 
( * 

STAGE 1 ALTERNATIVE WEIGHT SERIATION ----~ - ---·------- ------ -------·-

*) 
•> 
•> •> •> 
*) 

C• SIMULATION Of STAGE 1 WEIGHT SERIATION BEHAVIOR•> 
(* INPUT IS A LIST OF WLIGHTS FOR ITEMS TO BE SERIATEU *) 
C• LIST MAY Bl ANY LENGTH, uP TO 20, SEPEHATEu BY COMMAS•> 
CONST 

TYP 

VAR 

MAX = ~o; C• MAX• NO• or ITEMS WHICH CAN jj[ HANDLED *) 
GSXMAX = 1UJ (• MAX• UEPTH OF GOAL STACK*) 

~OALSET = tSERIATE, fINDHREAVYLlGHT,WEIGH, NONE)J 
UALSTATE = (EMPTY, LEFT, lGHT, BOTH)i 
BALPOS = LlFT •• RlGHTi 

PO,Pf : ARkAY [1 •• MAXl OF REALJ (* ORIGINAL & FINAL POSITIONS•) 
NP •, C• NO• OF !TEE MS I N ORIGINAL POSITION*) 
NP f, ( * NO• OF IT MS I IJ FIN AL POSITION *) 
NORIG, C• NO• ur ITE MS ORIGINALLY PRESENTED*) 
LIT, 
HEV, 
I< l O • • MA Xi 
BAL a tiALSTATEi 
PB I ARRAY [BALPOSJ ur REASLJ ,. BALANCE PANS*) 
GOALSTACK & ARRAY CO•• G XMAX l Of GOALSETJ 
GSX I O •• GSXMAXJ 

- - ..:. - .. --...- - - .... -, -. - - -- .-- .._. -·--, . - ·-- --..-- -... - .. - ---- -- -· -- --

1-tj 
Sil 

(lQ 
CD 

_,, 
_,, 
~ 

0031000011 
003:0000:1 
00310000:1 
0031000011 
003&0000l1 
003:0000:1 
003:0000:1 
00310000:1 
003:0000:1 
00310000:1 
0031000011 
0031000011 
00310000:1 
003lOQ00:1 
00310000:1 
003:0000:i 
003:0000:1 
003:0000:1 
003:0000:1 
003I0000i1 
0031000011 
003&0000:1 
0031000011 
ou3:oooo:1 
003:0000:1 
ou3:oooo:1 
003:0000:1 
0031000011 
003,0000:1 
00310000:1 
003&000011 
003l0000:1 
003:0000:1 
003:0000:1 
003:0000:1 
003l0000ll 
0031000011 
003l0000:1 
00 3 lJ)OQ_O 11 _ 
00 310000: 1 
003lOOOOl1 
003&000011 
0031000011 · --------~-----------------,;IO'Jl OOUO fl 
0031000011 
00310000:1 

--8-8 ~ }8-8-8-8+t-
003 & 0000 ll 
0031000011 
0031000011 
oo:uoooo11 



~: 
(* 
(* 
(* 

BASIC PROCEUURES 

PROCEDURE GOALCNEWGOALI GOALSET)i 
C• •••• •> 

C* PUS11 A NEW GOAL ONTO THE STACK•> 
BEGIN 

IF GSX < G~XMAX THlN BEGIN 
GSX 1= SUCCCGSX)J 
GOALSTACK[GSXJ I= NEWGDALi 

END ELSE HALTJ 
END C * GOAL * H 

PROCEDURE SUCCEEDCDLDGOAL: G•ALSET); '* ----·-- *) '*POPA GUAL urr THE GOAL STACK•) 
BEGIN 

IF GSX > 0 THEN ~E~IN 
If GOAL~TACK[GSXl = OLDGOAL THEN 
GSX I= llSX "" 1 
ELSt.. HALTi 

END EL~E HAL Ti 
END (* SUGClEU *)i 

PROCEDURE lNITIALISEJ 

'* ·--------· *) 

•) 
•) .. ) .. ) .. ) 

BEGIN 
~sx •= o; GOAL(NONE)i uDAL(S~RIATE)J 
t3AL I= EMPTYi 
NPf:. a: Oi 

ENO C• INITIALISE •>J 

00310000:1 
00310000:1 
00310000:1 
0031000011 
00310000:1 
00310000:1 
003:0000:1 
00310000:1 
00310000:1 
00310000:i 
00310000:1 
00310000&1 
0031000011 
00310000:1 
00310000'1 
00310000:1 
00410000:i 
004:0001:3 
0041000214 
0041000410 
004lOQ0814 
00410009:2 
0041000912 
004:0009:2 
003:ooou:1 
0031000011 
0031000011 
0061000011 
0061000112 
00610003:0 
OC,6&0003:~ 
006:oooa:~ 
00610001.):3 
006l000E:l 
0061 OOOE :i 
0061 OOOE al 
0031000011 
0031000011 
00110000:1 
00710002:4 
00710003:2 

~ 001•000410 
oq 001:000414 
CD 0071000414 

~R-OC-f[WR& -1-N-PY.TOfBA'f..AJ ------ ----------------------- -001-l0-004-t.4 
-,. ----------- *) ~ 0031000011 

BEG~~O I= OJ G ggij:ggggg 
------ ~~------------------------------- 0-0-a.1-0-0-0.0--1-S-NPO l• NPO + 11 0081000015 

REAuCINPuT, POCNPO])J 0081000210 
UNTIL EOFCINPUT)J 0081000813 

------ - N~P~o---•-=-4ffNflO-L- . l.0-0-0-B--l-0-
HEV •= 1; 008•oooc11 
LIT 1= NPOJ 008lOOOCl5 

ORIG a= NPOi ooeaoooD•4 
If: ~~¥ T ~ L ~t ~~~ M- A_,_N_Y_ I_T_E_M_s_,..•-, - N P- o- ,- M-A_X_)_J ___________________ -u-,Ov-0 e-:-g~fs ~ 

•. _ tJ PO I s MAX J _ _ _ __ 0 0 8 I O O 1 9 I 0 



----- --- -· ----- - ·-

WRITELN(OUTPUT, 'STAGE 1 WLIGHT SERIATioN:)J 
WRITELN(OUTPUT, '•••••••••••••••••••••••• )J 

WRITELNCOUTPUT); 
WR ITr-L.N, OVTPUT); 

HRITELNCOUTPUT, ••RIGINALEPOSITIQN&')J 
fOR K 1~ 1 TO NPO UO WRIT (OUTPUT, PO[KJ>J 
~I R I J E L N C O U T P UT > J 
l'I RITELN(OUTPUT)J 
l'I R I T E L N C O U T P U T ) J 

END C• lNPUTOfOATA •)i 

PROCEDURE CURRENTfINALPUSi 
(* ------------·-- •> BEGIN 

1-IR ITEL I~ C (JUT fl UT, 'CURRENT FI f NA b PO Sf TIO NI ' ) i 
FOR K := 1 TO 1WRilJ 00 Wk EC UTPU , PFCK]H 
,IR ITEL 1-; C OUTPUT )J 
11 RI T £ L 1~ C OUTPUT ) J 
l'I R I T E L Ii ( 0 U T P U T ) J 
t-1 R I T E L 1~ C O U T P U T ) J 

END C* CUHRlNTFINALPOS *>J 

PROCEDURE FINALPOSJ '* -------- *) BEGIN 
l~ RITEL1~COUTPUT )J 
rn ITEL.~ CO UT PUT > J 
HRITEU.J(CJUTPUT, 'FINAL POSITIO IU ')J 
fOR K a= 1 lo NPf uo WRITECOUTPUT, PF[K])J 
WRITEL~(OUTPUT)J 

END C• Fli~ALPUS •>J 

ooe,0019:5 
008 • oo 1~ rs 
ooa10019:5 
0081001915 
00810019:5 
0081001915 
00810019:5 
0081001F:~ 
00810025:~ 
0081002913 
0081002D11 
0081003311 
0081003fl0 
00810042:4 
0081004612 
0081004A:o 
00610060:4 
00810060:4 
00810060:4 
00310000:1 
003:000011 
ooc10000:1 
ooc:0006:1 
ooc:0012:0 
ooc:0015:4 
OOCI0019C2 
ooc:0010:0 
oocaoo2014 
ooc1002c14 
ooc1002<;:4 
ooc1002c14 
ov3:oooo:1 
00310000:1 
00D I 0000 t1 
00010003:!;) 
00010001:3 
0001000013 
00010019:2 
00010010:0 
000:0027:4 

t-u 000•002z14 
s:o OODl0027l4 

CJQ 0001002714 
co 0001002114 

0001-0-02..7 l4 
::: 0001002714 
a- 0001002714 

OOOI0027t4 
0_0J1LClQ2 7 I 4 
0 CfDT0-0 2Tfli 
ooo a 0027* 4 
0001002114 

a 0027_1 
0001002714 
000!002714 
000•002714 
000•002714 
000 I 007714 
0001002714 



C* 
(* 

~: ,._ 
C * 

PROCEDURES FDR 
MOVEMENT OF WEIGHTS 

•) 
*) 
•> 
* ) 
•> 
•> 

PROCEDURE PLJTuPB(VAR NPOI INTEGERJ BPOSI LiALPOS)J '* ------ •> C• MOVEMENT OF WEIGHTS FROM THE OHIGINAL POSITION TO THE BALANCE•> 
BEGIN 

JRITELN(QUTPUT, ' '145, !~• VE Poe•, NPo:2,'l TO PBC', BPOS&S, 
] ( , PO(NPO], >1 )i 

PB(BPOSl l= PO[NPOlJ 
ilPO l= NPO • ti 

IF BAL= EMPTY THEN 
BAL I= BPOS 

ELSE BA[ I= BOTHJ 
END C• POfOPB •>J 

PROCEDURE P8TuPF(~PUSI BALPUSi FPuSI INTEGER); 
'* ......... *) 

(* MOVEMENT Ot WEIGHTS FROM THE BALANCE PANS TO THE FINAL POSITION•> 
BEGIN 

WRITELN<QUTPUT, • •145, !MQV~ Pat•, sPusas, •1 To Pre•, rP0s12, 
l C , PBCBPOSl, ) ); 

PF[FPUSl I= P8[~PUS]i 
NP F I = Ii P F + 1 ; 

IF BAL= BOTH THEN BEGIN Ir BPOS = LEFT THEN 
BAL I= RIGHT 

1..5-t:-B-A t. I • L Ef T r 
END ELSE BAL I= EMPTYi 

ENO C• PBTOPf' •>J 

00010027 4 -
00010027 4 
00D10027 4 
00010027 4 
00010027 4 
000:0021 4 
0(;010027 4 
00010021 4 
0(;010027 4 
00010027 4 
00010027 4 
000•0027t4 
00010021:4 
0001002714 
0001002724 
00010027'4 
00310QOOS1 
0031000011 
0031000011 
00[1000011 
OOEI000D15 
00[1001513 
OOEI001513 
OOEI001715 
OC>EI001911 
OOEI001911 
OOEI081A12 
OOEIO 1Al2 
OOEIOOlC:3 
OU[I001El4 
OC>EI001E14 
OO[I001EZ4 
00310000l1 
0031000011 
00310000:1 
OOF IOOOOSl 
OOf'I00-0D15 
our:001513 
00f"I0015:3 
oor:0011:s 

~ OOF"I0019&0 
11) oor,0019:0 

OQ 00f"IOQ1Al2 
(I) oor1001aa3 
_. O-O-fl001-BH -
_. oor,001013 

--.J oor•oo1E14 
oor1002014 

-----------------------c----------------------------G-O-fc'-G0-2-0~-
oor•oo2014 
oor•oo2014 
OOF"I002014 

-<H,-f--11)~+4 
oor,002014 
oor•oo2014 
oor1002014 

----------------------------------------------------U-.U.,,..~o-2-o-~-4-oor •oo2014 
oor aoo20 t 4 



~ :-
PRODUCTION SYSTEM C * 

(. 
(* 

PROCEDURE DUSERIATEi 

'* --------- *) 

•) 
•> :~ 
*) 

BEGIN 
HRITELNCOUTPUT, 'GOAL=,, GOALSTACKtGSXl)I 

C• PROuUCTlON 1 •> 
'* ---------- - •) IF NP • > 0 THE~ BE~IN 

1m ITEL,, CU UT PUT, ' ' : 2 5, 'P l<O DUCT ION O 1 ' ); 
~OALCFINLJHEAVYLIGHT)i 
END EL~E 

t: ~~~~~~!!~~ ~ :1 
IF NPO = 0 THE~ BE~IN 
I~ RITE LI~ C U UT PUT, t ' I 2 5, ' P ~ U DUCT IO t-l O 2 1 

); 
11 Rl T EL N C OU T P U T , t S U C C £ E lJ . , G O A L S T A C K C G S X l > J 
SUCCEEu(SEHIATE>J 
ENDJ 

END C• DOSERIATE •>J 

00f I 0020 t_4 
oor roo20 n, 
oor10020:4 
oor1002014 
oor1002014 
ooraoo20:4 
oor:0020:4 
oor10020:4 
oor10020:4 
oorroo2014 
ooraoo2oa4 
00~•0020:4 
oo •0020•4 
00 I0020f4 
00fl002014 
003:000011 
0031000011 
0101000011 
0101000911 
0101000911 
01010009:t 
0101000911 
010IOOOA12 
010I000A12 
0101001221 
010:0013:0 
0101001313 
0101001313 
0101001313 
010:0013:3 
01010014:4 
010•0014:4 
0101001c:3 
010100251J 
0101002612 
0101002612 
010f002[:4 
010•002E:4 

PROCEDURE OUFlNDHEAVYLIGHTJ ) 0101002£14 
C• ••--•••••-•••••• * 00310000:1 

fiEGI~ 003IOQ00:1 
l~RITELNCOUTPUT, 'GOAL=~, GOALSTACK[GSXJ)J - - ~ 0111000011 

OQ 01110009:2 

il ~~~~~!!~~ ! i~ --- , ----- __________ . -~ - ___ ---~- --- : 8lU&,8gj:~ 
u BAL = EMPTY TnEN BEGIN _., 0111000912 

co 01110Q0A13 
WRITEL14COUTPUT,' '125, 'PRUOUCTION 03'H 011'000A13 
GOALCWE:IGHH ------~----~--------- 0111001213 
C' II n C I t C -- -- -Un l Q O 1 J ( j 

011•001410 
01 1001410 

__ 0l1~•-0 0 t 4 I CL _ 
011100 410 
01110014:0 
011'0014:0 
0111001410 

0111001410 



C• PADUUCTION ~ •> 
,. ------~--- - •> - -lF BAL I~ (LEFTHU-GHTl THE N BEGIN 
WR ITELNCOUTPUT,' '125, 'PRUOUCTION 04 1 )J 

IF BAL = LEFT THEN BEGIN 
~BTUPf(LEfT,,NORIG+l) DLV 2)J 
END ELSl:. BEUIN 
PBTuPF(kIGHT,CNURIG+l) UIV 2)J 
ENDJ 

1rntTEL,JCOUTPUT, ' SUCCEED ', GOALSTACKCGSXJ)J 
CURRENTFINALPOSJ 
SUCCEEOCFINOHEAVYLIGHT)J 
END ELSE 
C• PROuUCTION 5 *) 

'* ---------- - •> IF BAL= BUTH THEN 81:.GIN 
I~ RITE L 1~ ( 0 UT PUT, ' ' I 2 5, 'PR lJ DUCT ION O 5' ) ; 
IF PB[LEFTJ > PB[RIGHTJ THEN BEGIN 

PBTuPFCLEfT,HEV)J 
HC:V t= HEV + 1i 
PBTuPFCHIGHT,LIT)J 
LIT t= LIT • 1i 

£ND EL!>E Bt::GIN 
PBTUPFCHIGHT,HEV)J 
HEV I= HEV + 1) 
PBTuPFCLEfT,LIT>J 
LIT t= LIT • 1J 

ENOJ 
1m IT E Lt~ C OUTPUT, ' SU CC t £ 0 ' , GO AL ST ACK C GS X l )J 
CURRENTFINALPOSJ 
t~iiEEu(fINOHEAVYLIGHT)J 

END C• DOFlNOHEAVYLIGHT *)i 

- P-fH).C-HW R-E D OW e: I G H-.J.-'* .......... •> BEGIN 
WRITELNCOUTPUT, t GOAL= ', GUALSTACK,GSXl)J 

~: ~~~~~~!!~~ ! :~ 
IF NPO > 1 THEN BEGIN 

-01POOl4HJ -
01110014:0 
01iaoo14:o 
01110014:0 
01 &0-01410 
0111001410 
011:0014:0 
01110014:u 
011:0014:0 
011*001514 
01110015:4 
0111001014 
0111001£'-S 
0111002110 
011'002113 
01110023:5 
011'00231~ 
011•002oao 
011!002014 
011•002(13 
0111002r:u 
0111002FIO 
0111002F:o 
011ioo2FIO 
011'003012 
0111003012 
0111003812 
0111003A:Q 
0111003812 
Olt:003Ct3 
0111003[:Q 
011I003f:t 
011:ooJf:4 
0111004111 
0111004212 
0111004314 
011'004415 
0111004415 
0111004£10 
0111004£14 
0111004f:J 

~ 011'004f 13 
OQ 011•005B14 
co 01 &005B14 

011•0aose14 . 
::: 003aoooo:1 '° 003l000011 

012•000011 
0-1--2-& 0-0-0.9-1-2 
012•000912 
01210009&2 

121000912 
-----------------------\H-~~-

'PRODUCTION 06')J 0121Q00AIJ 
012•001213 
0121001315 AU T..A-C~C-t1-s.x.l..-)J __________________ -v-1..2.1-0-015: 2 
012l001E13 
0121001Fl3 



-- --

C• PROUUCTION 7 *) '* •••w•••••• • *) IF NPO = 1 THE N BEGI N 

WRfTEL N( OUTPUT, ' •:2s, 'PRODUCTION o7')J 
PO OPBCNPO;LEFT); 
~RITEL NCOUTPUT, ' SUCCEED ', GOALSTACKCGSXJ)J 
SUC~EEu( wEIGA)i 
ENO, 

END (* OO ~EIG H *)i 

012:0020:0 
~ 012,0020n, 

0121002010 
01210020:0 
0121002010 
012:0020:0 
012:0020:0 
01210020:0 
012:0020:0 
01210-02111 
0121002111 
012!002911 
012•002Al3 
012&003314 
0121003414 
012l003it:4 
0121003£:4 
0121003£14 
0121003E:4 
0121003Et4 
012'003[:4 
0121003[:4 
012:003[:4 
012l003[:4 
0121003[:4 
012l003E:4 
0121003£14 
0121003[14 
0121003£14 
012:003[14 
0121003[:4 
0121003 £ 14 
012&003e;:4 
0121003[t4 
0121003[14 
0121003[14 
0121003[14 
012i003[14 
0121003[14 
0121003[14 
012:003[14 

~ 012&003Et4 
OQ 012&003ES4 
<D 0121003£14 

012&Q03El4 
...,. 012•003[14 
:?5 012&003E14 

0121003[14 
0121003[14 

--oT2100 3E 14 
012I003E14 
012•003i14 

-
_________ ...;._ __ _,__ _____________________________ 012a_oJ)J 14 __ 

o-rv-003 14 
0121003£14 
012*003[14 
012•003[14 

1003[14 
01 !>IOf\':lC' tll 



::---~ .--::;.;: r---.-- M\ • W-~___._._.._. ,._,,_ 

C* 
C * 
(* ,,. 
(* 

BEGIN 
INITIALISEi 
lNPUTOfDAtAJ 

'* PRQ(;ESS •> REPEAT 

MAIN PROGRAM 

CASE GOALSTACKCGSXl OF 

*) 
*) 
•> 
=~ 

SERIATEI DOSERlATEi 

flNUHEAVYLIGHTl uOFlNUH[AVYLIGHTJ 

WE il.iHI DOWEIGHJ 
NLlNt:. i 

ENDi 
UNTI~ ~OAL~TACK[GSXl = NUNEJ 

flNALP OS J (* PRINTING UF FINAL POSITIUNS *) 

0121003£14 
0121003£14 
0121003[14 
0121003E14 
012I003E14 
0121003£:4 
0121003[:4 
0121003[14 
012:ooJf;:4 
0121003£14 
0121003[14 
012•003£14 
0121003[14 
0121003E14 
012:003£14 
003:0000:1 
003:0000:~ 
0031000113 
0031000113 
0031000113 
00310001:3 
003:0002:4 
0031000214 
00310003:5 
00310003:5 
0031000510 
0031000510 
0031000611 
00310006:1 
0031000611 
0031000611 
003lOOOO:o 
0031000E14 
0031000E14 
00310QOFl2 
003IOOOFl2 END • =================•=-==========-==================COMP I LAT I Or~ 

RAM SOURCE FILE TITLE& CAHO, 
RAM CooE FILE TITLE& WITH. 

SU MM ARY=====================s=========================== 
RHUR S FOUND BY COMPIL~R 

-- - - - -
CODE SE GMEN TS VALUE ARRAYS EST• STACK ESf• MEMORY 

ft 12 1 
DISK SLCTORS 

I 545 64 53 1369 51 

1-rj 
~ 

011 
(1) 

=--=-===--== ==-==-= =-=-=-= -=- - -~--=-==-=::..::==--====·==a=.: ==== :::.:..:.z:=-:a z.: a:.=:..:::.::z==·==-= •= • ===== s-:a:..:-:z-=.:,: aa::==-=•=•==-::a=:mc..::a.::..:a: 

~ 

I\) 

• 



STAGE 1 WEIGHT SEfiIATIO~ 

----------------------·· 
ORIGINAL POSITION& 

lOO•OOOOOO 179•0U000U 182.700000 

GOAL= SERIATE 
PROTIUCT10N 01 

GOAL IC FINDHEAVYLlGHT 
PROOUCTIUN OJ 

GOAL.= WEIGH . - -- - - PRuDlJCTIUN 0 6 

SUCCl:.[D WEIGH 
GOAL= FINDHEAVVLIGHT 

PRODUCTION 05 

suCC[l:.D FINDHEAVYLIGHT 

181,800000 177,200000 

MOVE PO[ 7l TO PB[ LEFT] C 
MOVE PO[ 6l TO P~[RIGHTl C 

MOVE PBCRIGHTl TO Pf[ 11 C 
MOVE PB[ LEFT] TO PFC 7l C 

180,800000 

17th100000) 
180•800000) 

180•800000) 
176,100000> 

CURRENT FINAL POSITlONI 
1Bo•800000 o,ooooooot+oo OeOOOOOOOE+OO OaUOOOOOOE+OO O,OOOOOOOE+OO o,uoooooot+oo 

GOAL= SERIATE 
t,QAL s FINDHEAVYLlGHt 

GOAL= WEIGH 

UC Ct.ED WEIGH 
u8AL s FINDHEAVYLIGHT 

SUCCE:lTD FlNDliEAftLIGHT 
CURREN tINAL POSI1IONI 

PRODUCTiuN 01 

PRuOUCTIUN 03 

PRuDUCTiuN Oo 

PRODUCTIUN 05 

MOVE PO[ 5l TOP~[ LEFT] C 
MOVE PO[ 4l TO P8[RIGHTl ( 

MOVE PB[RIGHTl TU PF[ 21 C 
MOVE PB[ LEFT) TO PF[ 61 C 

177•200000) 
181•800000) 

181•800000) 
177.200000> 

lb0•800000 181,800000 o.oooooooc+oo o,ooooooot+oo o,ooooooot+oo 177,200000 

GuAL = 
llOAL = - GOAL a 

SERIATE 
PRODUCTIUN 01 

f INOHEAVYLIGHT - ~01TCTIUN 

WEIGH PRODUCTION 06 

succE.tO WEIGH 
GOAL~ FINDHtAVYLIGHT 

PRODUCTION 05 

-- - - -- - _ __.. ___ - -

MOVE P8[ 3l TO PB( LEFJl C 
MCTVC- p C-ZrTO PB rRTGFfT :i-c-

182•700000)) 
--; OlrO O o-o. 

- m-rrFTT TO-P-rLn ~-r - ra~T TCYO-Cf0"01 
MOVE PB RIGHT] TO Pf[ 51 C 179•000000) 

- -

178dOOOOO 

178,100000 

11e.iooooo 

1-tJ 
n, 

()Q 
CD 

I\) 
I\) 



1bo.aooooo -- 1e1.auoooo w- 182.700000 

GUAL =- SERIATE 
liOAL = FINDHEAVYLlGHT 

PRuDUCTiuN 01 

PRODUCTION 03 
GOAL= WEIGH 

PRODUCTION 07 

SUECLED WEIGH 
GOA • fINDHEAVYLlGHT 

PRuDlJCTIUN 04 

suCcElo FINDHEAVYLIGHT 
CURRENl FINAL POSITION& 

1bo,aooooo 1a1.eooooo 182,700000 

GUAL = SERIATE 
PRODUCTiu N 02 

succn:u SERIATE 

FINAL POSITIO N: 
180•800000 181•800CiOU 182,700000 

o.ooooooot+oo - 179.000000 

MOVE PO[ ll TO PB[ LEF'Tl ( 

MOVE PB[ LEFTl TU PF( 4l ( 

180•000000 179•000000 

180,000000 179,000000 

177.200000 

180•000000) 

180•000000) 

177,200000 

177,200000 

17t1.100000 

178,100000 

17a.iooooo 

ltj 
P) 

aq 
(I) 

..... 
I\) 

\.,J 
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8 6 7 0 0 , PASCAL COMP l LE R VERSION / 2•9•601 · , 1 · M.d ND A Y, 197 9 NOVEMBER 1 9, O 5 I 21 p M • 
====~-============-=================--========================================== 

-----.--u,,-,.----.,..~- .., ••-• - -... ---•·~ .. - ..-••-••• ... _,.•w - ,._.,... ... -•--• -• • ,-- ~,_ .... _,, .., .. ., ~•••••• ••-- , .. __ __ •- - - - - - - • ----•••-••- -- •-- • • •-•- - • -

CARD FILE a• CARD• 
PROGRAM STAGE3, 

----·- ------- ------ -- -----~---------~· --

C• •> 
C * * ) 

-----f·-* " S T-A-G·E--,·3--W-E-I u-HT-- ·S ER I-A T-I-o N---....... ~ ---- --...... )----- - --- ·--- --
( * ....... ·•-·--· ............ • ) 
C• •> 
C• •> 

··-· - ----- ·------ ------ -·· ·-· - ·• - ---

---------- --{-•-S·I Mttt.A--T-I-trN- o·f- -s·T-Au~3-- w E lG HT- St.:: RIA l ION BE HAV l OR ·· *)- -- -
C• !NPUT 15 A LIST OF WEIGHTS FOR ITEMS TO BE SERIATED •> 
C• LIST MAY BE ANY LENGTH, UP TO 20, SEPEHATEO BY COMMAS•) 

------------ --cu-Nsr- - - --- --- -------- - ------- -- ·--- -----· 

0031000011 
.. -- - - ·- - ---- ·------ - ----- ----· 003l000011 

003lOQ00tl 
0031000011 
0031000011 

,--- -·-- - ·-- ------- - ------- - --- -···----- 003lOQOOl1 
0031000011 
003l000011 
OCJ3S0000l1 
003IOOOOll 
003tooout1 
0031000011 
0031000011 

·-- ·-· -- - ·· - --- -·-O0 310 0 0 U I 1 
0031000011 
0031000011 
0031000011 

MAX~ 20J C• MAX• NO• OF ITEMS WHICH CAN BE HANDLED•> 
GSXMAX = lOJ '* MAX, DEPTH OF GOA~ STACK*) 

. --·-- - - ·-·-·-·-- - ........ 0031000011 
003•000011 
0031000011 

iYP'E --- ------- ------------ ---- ---- ---·-------- ------ - -----·-- -------- --- 003IOOOU:1 
0031000011 
0031000011 uOALSET = CSERIATE, LCATEHREAVIEsT, WEIGH, GETRIDoF, NONE)J 

~ALSTATE = (EMPTY, LlFT, IGHT, BOTH)) 
... _________ __ ~~_Lf_O_ ~----~--L EJ_T_ ___ ~ .. •--R _I G HJ) ... _ _ _____ _ __ __ ____ _ _ . _ _ 

0031000011 
0031000011 .. .. - - . -- . ---- -·-------- ···- --- 0 0 3 I O O O O I 1 

VAR 
Po,rF,PI t ARRAY Cl •• MAXJ OF REALJ Ou3I00001l 

iW(f c * U.J3Jt!.N~-a+-&~-Ly.~ ~-~~ 1t~~o~ 1 ~l ~ ~t ~~~ l + I 8~ 5·• ·) ~-----·- - -- --·- --- ---- --· 
NPF, ~• NO• OF ITEMS IN FINAL POSITION*) 

ouJ:0000:1 
003:000011 

- - oo-3: oouo 11 

HPI, * NO• UF !TEEMS IN INTERMEDIATE POSITION•> 
NORIG, * NO• OF IT MS OHIGINALLY PRESENTED*) 1\- r-o-,-.·--MA-Y.-;- ----·-····--- -----·-·--·--- .. ... ·- ·--- -· -- · · .... 
UAL I UALSTATEJ 

0031000011 
0031000011 
0031000011 ... -- ·-- · - ·- --·-----·- . . --- - ··-- - - 003l000011 
0031000011 
0031000011 PB l AHRAY CBALPOSl UF REA~; C• BALAN~E PANS*) 

GOALSTACK I ARHAY LO •• GSXMAX l Of GOA~SETJ 
- -----. SX4--o--,-1- --a-s·X1-rA x, - - --------·------ - ·-- -·---- --·---------- --- OCJ3I0000ll -o 0 3 I 0 0 0 0·I 1 '"ct- -

- ----------·----------- - --- __________________ _ __ p ____ -· ·--- - ---------·-- - - --- - ·----------.. - - - -·------

003IOQ001~ 
g2j:ggss: r$ 
003100001"1...I, 
ggj:gggg:~ 
0031000011 ------------- 0-0 31 00-0-0 t 1--
003 l O O O O I 1 
0031000011 
0031000011 ----- -- ·--· - ·-·--- - -- - - -------------- - ---- ----------·- - --o CJ 3 IO O O O I 1 
0031000011 
003lOOOOl1 

- ~--,---- ----------------~--- ------- .... ~~-- 003&000011 
----,Q&-3-&-0-0-0011 - - · -·· 



;• " 1\ ::; s i.=. --r , , \1 , ., ,- n : 1 T v 

-~---~--------~-- __ ,_,,_,_,..._..,. . ..., _,.. ________ . ___ -·- ----------
0031000011 
Ou3lOOOOll 
0031000011 

-0()3100U011 
00310000:l 
003I0000ll 

_ ··- ··-- ••·••·- _ _____ --· -· ··- --- --· 003I000Ut1 - ---- ------------- - ----- ---- .... ----· -·--- ·· - -- - -----·- -- . ----- - ·- ··--
003:000011 

(* *' 003:0000:1 
C* •) 003IOOOUl1 

-------• .... ::-----.-~~aA,S_lc.__.e.B.O.G_EJ)J,J_~_E s __ - ···--~-:-~----·--· ........ -·- --·--~~-~--- ·-· ·-·--- --- --- -----~-- --·---8-8·H g 8 g g :t 
C* •> 003:000011 

· 0031000011 
·-·····--··---eRo.CJ:.oU~~~~~~~y-W-GOAL.J __ .GQAL.SE.T.)) _________ ---- ------· -- -- --- --- - ------- --·-·• - --- -- ---- - · - -------··-- - 88~: 8888 n '* PUSH A NEW GOAL ONTO THE STACK*) OU3lOOOOl1 

BEGIN 0031000011 
_ ____ l_[ 8 ~ ~' fF~~~-~ -~_JiEJiJ~~-~- ~-~------~~~-------~ --~-- 8-8-4: g 8 g y i ! 

GUA~STACKCGSXl := NEWG• ALJ 00410002:4 
ENO ELSE HALTJ 004&00041U 

----END- -' -*--il.0.AI..- * ).J_ _ _________ __ . -- ··· -··----··- --~ ... - ··· --·-------•--- ........ ------ -- -•····· •· --•--- _____ ·- ··· . ·•·•·--·--- - - -- ·- ... 00 4 l O O O 8 I 4 
ou4:000912 

PROCEDURE SUCCEED, •LOGOALI G0ALSET)J 
------r.rr~A--N-Ew~~r oNrrr rA"~A'EKTr---··~ ...... -"' .. _ ·------­

BEGIN 

--~~y i\; o A E~ l~a~.c ~ ~ [~~=- •Lo G O.A.L.J_H E.N_ ·--·- ·-····--· .. 
GSX I= uSX • 1 
ELS£ HAL TJ 

END ELSE HALTJ 

0041000912 
004100091~ 
0.03 1_0000 I 1 
0031000011 
0031000011 
00610000:1 

_ . __ . _ _ __ .. __ • . ·-··· ___ _ 0 0 6 I O O O 1 : 2 
006:0003:0 
00610003:£ 
006100081!;) 

______ N_O_~ _ S.LJ..!,;_C_l£1J._!_1} __ ~~---------~------· ., ____ .... _ ,,, .. _ .. ,.. - - 006IOQ0l)l;j 
--0061 OOOE l 1 --

0061000E I l 
006IOOOE11 PROCEDURE INITIALISEJ 

------•·--'~--- -- ----• • ...... __ *J. BEGIN ---------- -------- -----· - - ---· -· ·--·- ·--- ----- --·---- -- -- . .. ·• ... ·- ·-- ----- ------ .. -· . - ----- - - 003&000011 
0031000011 GSX l= OJ GDAL(NONE)J G•AL(SERIATE)J 

~

l= EMPTY> 
I I= QJ ----. -, ,- ........ ,~ p ·= -o ,~~...,,..........----,-...,~ __ ____,_,.. ___ 

£NO (* INITIALISE *)J 
------.. ---·-----------------

0071000011 
oor1gou214 
0071 003Vi! 
our 1·0-0 o 4 ro "l-tl ·· 
00110004:4~ 
0071000512CD 

PRO CI:: DURE IN PU fiJF' DAT A, --- --- ··------- --------- ·- - --·----- ------· ·--·-- 00710005.12 
007IOQ051£~ 

'* ·----·----· •) BEGIN 
, ,_,, o, ~t~EjT ""'Qi • ~oovp "* pooqm o __. 

. NPO · t~ NPO + 1J 
READClNPuT, eoCNPOl)J 

0031000011~ 
003&000011 
OOBIOQOOll 

·----------ocfBTo·ocro 1·~- --
ooe 100001 s 
0081000210 

·------- --- -----------------·- -··------··-·--88g: gggg: g ____ ____,U_N1 IL. 1:: •.LU N.f..U.lJ.1 _ _________ _ 
NPO t= NPO • n 
NORIG a= NPOJ 0CJ8l000Cl1 

ocistooou,u 
ooe&ooou10 * 1 .... p: AH:_*,,, • .... ,,,... ,,, •· • ~ ------~---------..-o·aTo oo o ro - -----



ri. i ·-. ~ ~ S r ;,, I il ~ 
ooe:ooou:o 
ooasoooo:o 
008lOQOUIO 

---~-~------·~-..----.....----- ............... ~----·•··----·-·· -~--- - ......... -·~·-· --~ ... - - ---~-· · • - -·- .,._.. -·· ·~···•--·- - - -----·- ·00 8 IO O O l) I 0· 

Ir NPO > MAX THEN B~GIN -----w ,n-tE"Lr.J ,1JOif1.J Tr l TOO -· M·A NY 
NPO l= MAXJ 

·IT EMS•-,-· NP o,-- 1H X ,;-- ------ ---··--· ····· ·· ·- · - ···-

ENOJ 
11 R I T E L N C O U T P U T ,. t S T A G E 3 W E I G H T S E R I A T I ON 1 )J ----~ ~tl~~ti~-rt~trf,r•nn1..-.••••W1111---··•nr .. lii·• ·· ·•v-.·l) J--· --- ••·----- - ·-·-
WRITE L H ( lJ UT PUT) J 
WRITELHCOUTPUT,. 'ORIGINAL POSITION1 1 )J 

· - · ··- - --- FOR"" K--i ~ ·· 1 ··· To - NP 0- -- u O ··WR I T E ' 0 UT PUT, ·· · P O C K l ) J 
WR I TEL I~ ( 0 UT PUT ) J 
l~RITELN(OUTPUT)J 
HR ITEL r~CUUTPUT )J 

OCJ8IQQ0l)IU 
00810000:U 
008IOOUOIU 

·· ·- ·- · · ··--- -- -· -- ·- - ·-··· ---- - 008 I OOOE 12 
008I00171J 
0081001812 
0081001812 

---·008 I 00 lE: l 2 
0081002412 
008i002810 
oua:0021;14 

- ·- ----- · ---- - - 0 0 8 I O O 3 1 I 4 
008I003lJl3 
0081004111 
0081004415 

EN D- -< ....-IN PtJ-T--0 F-O-A-l·A-• · )-1---- · --···- ·--- ------·--- ··- ·---· ·--- ------ ·- --- --- ---- -- · -- -· ---- ·--·---- -·- - 008 ·100-48 I 3 

PROCEDURE CURRENTFINALPOSJ - -·•- ----------- -·· - - - --c·i' .. -.;..;;;~---;.;-;.-~.;.;.;..;.;..; ·•) - -- --- . -···. -···· 
BEGIN 

WRITELNCOUT~ur .. 'CURRENT FINAL POSITION1 1 )J -------Wx-r ~t ~-c-o-0-r pff,~-9.fil.§_ Do __!!_R_!_!J c_o_u ~ P_u I'----~ F_~ K __ l_ Lt -···· 
WR ITEL N ~ OUTPUT H 
l~R I TEL N C UUTPUT) J 
1'4RITELNCUUTPUT)J 

--- ·----ow---c ·•-cuRRt."NTF'INAtPOS-- fr)J . ... - - ·- ... .... -· ·---

00810Q5Elq 
ooa:ooSEl4 
0081005£14 - - .. - - .. -... . . - . . ·-· .. - .... - ---- -· . ·- . - 0 0 3 I O OU O I 1 
003100 0 011 
ooc1000011 
OOCIOQ061l 

·-·- - ··- ·- - · ·- - · -- -- ·--··••- ·---•--·- ·- ··- -------- OOC I 0012 I U 
OOCiOOl:>14 
OOCI001YI£ 
ooc100101u 

.... - ··· ----- ·--- -·-· --- .. --- ---- -· -· OOC IO O 2 0 I 4 
OUCI002Cl4 
oocsoo2c14 

PROCEDURE FlNALPOSJ ----- ·--(-.-.-.-;;·.-..-..--- -·'\.-------- --- ·----··------··- -- -- -· --- -··-- -- -- - - - - ·--------.. ------,---- ·-- ·- OUCI002Cl4 - - o 0 3 I 0 0 0 0 I l" · ·-
003 IO O O O I l 
0001000011 

BEGIN 
liRITELNCC.JUTPUT)J 
\·IR ITEL I~ CO UT PUT ) J 

-·---·--- -·---wH-riEtu c-ou·rpuT-;-- •·r ·1t.JAL·-pos·n10rn-1 >J ··· ·-··· -· · ···· -
FORK ,~ 1 TO NPF uo WRITECQUTPur .. Pf[K])J 
1m I T E L N C O U l P U T H 

000100031!) 
· 00010007: 3 

0001000013 
0001001c;:2 
0001001010 WRITEU~COUTPUT)J 

---'-'W R·1-T-~trrC-o·u T·Pu-T-}-J ------- --··-··---------·--------- -·-· -- -----·------ ·----- ·· - ·- ··-- --- ----- 000 I 0020 14 >-o 
END C * F ll~ALPUS * )J 

- ----------- ·-- ----. ----·-------.-- .. -·--·· - ----- ~•··--- ·-· -·- ·- - . ·- ~- ----·------·-•--·- - -- - ·· ·· -

00D1002412 m 
0001003214 <:n 
0001003214 Cl> -----· - ·ooo: oo 32: 4 ..... 
00D1003214 N 
00DI003214--:i 
000I0032l4 - - --- ------------------------'"""----· --- -- ------------ ----- -·---·---- ·--------000 a 0032-14 - --- ·­
oc,01003214 
0001003214 

- - ---- . ····- -- ·------·--- -· - -·-····- .. - - . ·----··- - - -- - -- - - · --- ·---·-. ·-· · - --·- - ------ 0001003214 
0v0I0032t4·- · · 
0001003214 
OODIOOJ214 
0001003214 

-----~~-~~ - -.....,,..--....,.........---·--·----· -- ------·--- -------~-------~- --· ·- ·----··---- · · - · -·••- - 0 0 0 I O O 3 2 l 4 · -
0001003214 



__,....,.,..,. 

i\., I\'.:" ~ 1--: ' ' 1 ' "J ! '-,' r :i ': J f 'r' 
OODlOQ3214 
000l003214 - ,,,, , .. --~------.. -···---····~----•-·-·-~-· -- -~-· · · __ ..., _____ -~---·--•-- ··- .. , ----·----~------· 8·t8: 8~~~:: 
ouo:003214 
OUOI0032t4 

- -- ···-------·-----·-·. --·--·-·--····· ... ------ - · ----- ·-·---- --- ·-·-- ·- ··- -·· -- ·---·-· ..... -- ---- ------- ·-·-· 000&003214 
( * *) 

00010032:4 

( * *) 

- -----~ --<. ~: -. -- ~~l«J~~~-~~~.u.s f5-wt-~ ~ A Ts-··--·-- -: -~----------~~--·--~·---·-------
(. *) 

0001003214 
00010032l4 
000:003214 
·ooo:oo32t4 
00010032:4 
000:003214 (* . •> 

PROCEDURE PB Tup ICBPos·•- B°AU5 uS J } - -------·------.. -····-·-· - - --- ------ ------··-··- - - ·----·--· '* ....... •> 
C• MOVEMENT Of WEIGHTS FROM THE BALANCE PANS 

, .. ,,. , • .. ., J O_ TJiE __ l_~J .. E 8.M.E;J)_W _E_ P_U_SJJJ O N.2 J __ ~~-----~-----~---

____ o o o , o o 3 2 1 4 
OU01003214 
003I0000S1 
0031000011 
00310000:1 

-0·0·3 rooo o i 1 
BEGIN OU3IOO OOl1 

NPI t= NPI + 1J OOEIOO OOll 
____ P.LLN.P-1..l .. .1.= ___ p_a [ ae.9.s U ---·--·r ··--- - - -· ___ 7 _ __ ... --- ---· - ,---- .. - · ·-r ... ---·~····-- -···--·. __ - -- --·· -··--·· __ --·- ·-· · 00 EI O OU 1 t 2 

WRIT~LNC9UTPUT, '145, ,t)49VE PB[ , BPUSIS, ] TO Plt , NPil2, OUEl000314 
J ( ,PO[UPOSJ,. )J OOEIOOll ~ 

00[10019 U 
--~----,-.. ~ l~ QA.L~.B.UJi;i_JJiE.~.B E.G.HL .... ""f'f-~-·-....----.,,..-.......----·· - - ·......---.~--~-____________ _o u EI o o 19 o rr 'If P 0 S == Lt: F' T T H £ N • · _ . O O E I 0 O 1 A 2 

BAL I= RIGHT OOEIOOl B 3 
ELSE BAL I= LEFTJ OOElOOltl 3 

ENt~~- ~[f5p~A~-y-J-?-.EMP.T.Y) __ .... _ .. _ --···- -·--·-- ·······-·- · · ------ --- - -----··--· · - ·-·---------·-··---------88E: gg t ~ ! 
OOEIOQ20 4 
OUEI0020 4 

_uo.c.ro.u.~5 ~~~~~- <-~-~O.S.,'~ BALf_O~-~-'-~-- ---~--·-----~ - ~~~--~------------- ·--88·j: gg~g; t·---·· 
C• MOVEMENT Of WEIGHTS FROM THE BALANCE PANS TO THE FINAL POSITlON *) 003:000011 
BEGIN ___ ___ 003IOQ00ll 

----~ff9f~~~l~1~BJ;;u5l{4s, ;1>49vE Pat', sP •sts,•1 ro PFC!, NPr,2, ·- · ~~~i~~~i~! 
J C ,Ps[BPOSJ, • . )J ooF:001112 

_., . IF' BAL''Y-131TiH fFl!rrTI[ffr""---- ·------......---,,.-___,......---- ----·-- ---------·---------·- ---·--8-8~: gg i r-~ -·--
IF BPOS = LEFT THEN OOFIOOlA ~ 

~ EiAL •= RIGHT . OUFlOOl B ~ 
--------~rottek8·~*-f-=Lf~J+y, ··-- ·------·---- -------···- ---·-- -•---------- -·---- --------ggfi88lB ~ 

ENO C• PBTOPF •)J OOFIOQlE ~ 
"- OUFI002 0 ~ 

7 + c+>:4"f # Q$ W(OM4\ff#4% , pc;. i¥U4.fpt4 :X: P *¥4 ... A * *-»· _ .. 
OOf"I0020 4 

--------- ouFT tY020 4 - ·-·-
ouF10020 4 

:,,,' OOF 10020 4 
----------------- --·------·-------·------------------OOF a 0020 4 _ OOFl0020 4 

OOFI0020 4 
OOFI0020 4 
OUF'I0020 4 

4.- .' , l!-_P4 4,:/'' 493.'4' ·'~'"•-'!P.;'•··· .... , •• __ , , •r• 4"C+>•- • 0>4i. " -·-----cronoo2or4 
ourioo2014 



I , •~ C' -= \ ' L,' f\l j \/ I fl .~ oor:002014 
OOFI002U14 
OOFI0020l4 ·---,--------..,.,..........,..-....-.---~------·- ·-•··• ------·--··---~·~--~-- ·--··-••y ---------- -- --- ---- ------- OOF l 002014 
OOFI0020l4 

PROCEDURE PITUPOJ OuFlOQ2014 
C* ,"••••• *) 0031000011 

t-r1 01r2 itt1n- ·-crr-wnGTiis-rRa·M···T HE - 1 NT E:~M ED·I A·r-E·--p-a-s·t TIO N - -- - ------ ----- •• ·--·-·- -- - ----------- -----· 0 O 3 t O O O O I 1 
TO THE NEW ORIGINAL POSITION •) 003l000Utl 

BEGIN 
WRITELNCOUTPUT, ' '&45, !TRANSFORM PI TO PO'>J 

~-----P'--HQv-1-=-p-I -------~--------· 
NPO t= NPU 
NPI 1::: OJ 

- · --·----· - - ------ ----- - -

Ou3:000011 
010:000011 

-----01o~oooe1u 

11 R I T E: L.1~ C O U T P U T ) J 
\'I R·I·T E li~-C-0 U lP UT) J-- - ---- --------- - -- - ·-------- -· ---------- --- ·-·-· ·· .... · ·· ·· -
WRITELNCOUTPUT, 'NEW ORIGINAL POSITIONl 1 )J 

010IOOOAl3 
010100081~ 
010:oooc:u 

··- 0 1 0 I O O Of I 4 

FORK 1= 1 TO NPO UO WRITECOUTPUT, POCK])J 
Ii R I T E L. N C CJ U T P U T ) J 

----- --R I ·T-£trt(-o·u T P-U·T-)··1--------- - . 
WR I TEL1'1 C CJUTPUT) J 

END C• PITPPO •>J 
--------· ----------

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

0101001312 
010I0019: £ 
0101002511 

--------- ---------- 010 I 002tl I~ 
010I002Cl3 
0101003011 
0101004014 

.. - - --- - ------ -- - -- 0 1 0 2 0 0 4 0 I 4 
PROCEDURE POTUPB(VAR NPOl INTEGERi BPOSI ijALPOS)J 010:0040:4 

C• •••••• *) Ou3IOOOO:l 
C• MOVEMENT Of WEIGHTS FROM THE ORIGINAL POSITION TO THE BALANCE•> 0031000011 -----a~E,_,G,...X-N ----·-- - -------- - ---- ----- - -- ----- ---------·· - -··· - - --- ·- - --·- - - - ------------ 003 a 0000: 1 

WRITELNCQUTPUT> t '145, •t~ OVE POC', NP • 121!l TO PBC', 8POS15, 011:0000:1 
J c , POLNP• l, . )t)i 0111ooou1s 

----------~~~6-~~~~~r6~-f?J~-Po _JJ ____ -- · -- ~---- - -- -------- -- -· -- --- --- -------------- -- -------- · 8Hi88t1:~ 
01110019:1 

IF BAL= EMPTY THEN 01110019:1 
BAL I= BPUS 0111001At2 

E1.-s-E- B1tt- t =--s-OTH·;----- -----------····------- -- -- ··-·------ -------------- --- - --- 0111001 A: 2 --
END <• POTOPB •>J 011:oolCtJ 

- - - - --------- -··- ------ ·--·----- --- --···•·--- - -

~-- - -- --- ------------

0111001£14 
011'001El4 
0111001Et4 
0111001t::4 
011'001El4 
01110011::14 

--------------- ----- - - --O i-1 l ·OO l E·I 4 --~ ---
011 i OO l t:: 14 ~ 
OlllOOl[:4 CD 
01110011-:14 -------- -- - --- --- - ·- ---------- -···- -- --- --- --·· -- -·· - ·-·- · - .. ·--------- -------- - - --- --- -- · · ------------- 0111001Et4 ~ 
0111001[14 f\) 

0111001E14 '° 
- -----------~------~----~------------·---------· 0111001[14 

----------- ~~•o~~Et4 - - -
0111001Et4 
011I001E14 
011aoo1£14 

·------------·----------·-· ·-- ··- - - - .. ------ -------------- ---- - --- ---- ·--- - - - ·- . ···-- ·---Q 11 ·IO 0-1 E. I 4 
011IOOH..:4 
011I001E14 
011I001E14 

~~---~--~---~------ ---- ·-·----·----Q-i 1-~~ EI 4 



I\ :..; I l r: , ... C' I T 

0111001[14 
0111001(:4 

~.,........~~ ---........... ....,..........-....--- - -~--- ............... ----·-· . -----. ··· --··· -·---~ .. •··-···-- --·•-·· ··-·· ~- - --- ----·------ 011100 l E.: 4 . 
. 0111001(:4 

OlllOOlEl4 
011100ll14 

--- ------------·· ..... -----· · ·--· ..... -- ·- --- - .. · --- ..... - ---- -- - --- - --- ·-·- ·-- ... --·.. ...... .. - --. -- -- ····-··· ···- --- ·- -- . . .. 0 11 : 0 0 l L l 4 *' OlllOOlE:4 (* 
(* 
(* 
{* 

*) 011l0UlE14 
*) 011lOOlE14 

····~· : ~--·-··--~-·--,-,...-· - - ~ - ----~---~-- ···- ··-------~ ---~-8}1: g gt~ ; : · -
PRODUCTlON SYSTE~ 

* 
011'001El4 

PROCEDURE 00S~RIATEi 0111001[14 
·- ·--·-··- - ·- ···----- ----'.Jr _ _____________ ,},.} _________ __ ···•······-·-------·-···-··-- .. ---· --··---· ·-· ··· · - ... --····. ···•·--·-- ..... ·----------------··· 003 l 0000: 1 

BEGIN 003:000011 
WRITELNCOUTPUT, 'GOAL= !, GOALSTACK[GSXJ)i 012:0000:1 

--·--·-----•~.f..8_QO.JJ.CJ_l_O_N_12~---~------- - -,...,_....- - - . - .. -------
" * ---------- .. *1 It NPO > 1 THEN BEGIN 

- --·- - --------- 1-J R-I .T. E-L l~-C O u.:r P u.T-, _ .!__ •_a 25 , ___ !PROD U C-T ION. 0 L' ) J _ 
UOALCLCATEHEAVIEST)i 
LND EL~E 

0121000911 
012:ouoy11 
Of2f0009:1 
0121000911 
012l000At~ 

-·--···--·- .. --- .. . ----- -- ---- --- ----·· .. . 012:oouA:~ 
012•0012Vi! 
01210013:1 
01210013:4 

-----~- L~ eRO.O.U.C.'U.ON,..,2,....,J .•. - -~~--, ,,.---··--~----- ------------~-----· ··-·-··· _ . . ~--- ·-•----..-,-- - -·-·-- - _____ o 12I0013: 4 . 
C• ---------- • *) · 012:001Jl4 lt (NPO = 1) AND CBAL IN [LEFT,RIGHTl) THEN BEGIN 0121001314 

- ------ --~rn I l'EI.N.C.OU.T p.u.:r_, __ _. __ ' t 25, .. _!.~ROD U CTI ON-.. 0 2 .. ~ )J ... _ ..... 
uOALCLCATEHEAVlEST)J 
E.ND ELSE 

012lOOl611 
---· - ---· ···--·---- -·· ·-··· .. ... -----·- --------· ··- 01210016 I l 

_______ _ CJr_f_R.Ou.U.C..T..l.O.N....3~ t.L ____ ,...._.. -------.............. .,... - -- ······--- ~-~~----,-- --........--·--
i ~ ?~~5~:-~,-A~o*lNPI > o> THEN BEGIN 

012:oolLZl 
012lOOlFHJ 
012lOOlf:3 

_________ 0 l 2 l O O 1 F l 3 
012i001FIJ 
012:oolFIJ 
01210021:3 

_. -----·--. ---------- -- ----·- .... ------·· · 0121002113 __ ·--W.fUT..E.LN.CLJ.y.T.P.Ut.1 1 ' .125.,_ ,_P._RQOUCT.!ON- 0.3.! H _________ ______ _ _ 
PITuPu, . -------------

E:ND ELSE 
0121002913 
0121002A:l 
0121002Al4 

- - -,,.~~-t~-~~~~-~-~!~~-~--!~-}~----~--~-----~---, ·-· --~----- --·--··· ····•-··- -------•--·-····· -- -~---------8·1~ i gg~~: 4~ ·-· -
lF (NPU = 0) AND CNPI = Ol AND (BAL IN tLEFT,RIGHTl) THEN BEGIN 012l002Al~ 

t t ' t . , 0121002£1<.KD 
__ ___ __.LJU.T E..LN .. C.O.U.lP..Ul, _ __ l25., - ~.RODU C-T-I ON .. 0 4_ )J ___ . .. _ .. ___ __ ---·· ·-- ·· - ··-•-· _________ O 12 I 00 2~ 1 O 

1r ~~~•P~tt[~rJ~EN sEG N g1~:ggj~:p 
ENO ELS£ BEGIN 012l0038SOo 

". , ..... ' · t;fUCQ q=M ENO ~ J~OW . ..6.lGJ:lJ)_}, _ ·- ' b ~..,,.........,. • -- ---------- -8 l ~ :-g 8 j ~ ; j----·-
W RITE L N (OUT Pu T,,: s u cc EE D ', GOALSTACKCGSXl)J 012&0039lJ 

. suc,EEO(SEIHATE , _ _ 0121004214 
END r.;~~ DOSER lATE • ); ------------------· --- ---------- ·--- ··----- - ----g l ~ ! 882 ~: i 

, F 4l4' F • • •.FWW •%U!Hi i JI ,#@ '*·'' 1.;;;;wq ;14 dQD W -
012'004fl4 
0121004fl4 
012l004fl4 -----~-,--------.... ·r2·a·oo 4f" s 4·--· - · 



I , l .1 ;'J I , 
0121004f14 
01210Q4Fl4 
012IOQ4fl4 

-.rr. ........ -r------ ----··-·-··-----·---·--·- ··- ·-- ·- ·--. -- - .. ----·- ·- --~ -----o 12 I 00 4 Ft 4 

PROCEOU~~ ~~~~!!~~~!~!~~!'•> 
·-----st.u11r··---'···--- -·----------·-- ---- - ··•·•· --·------- ------- -·· -· ··•--- - · 

WRITELNCOUTPUT, 1 GOAL= :, GOALSTACK[GSXl>J 

012l004ft4 
012I004ft4 
00310000:1 --·· -·- -··· ----- --- . ·•• --·-· ··- ·· - · - ... - -- - - · -- - --- ·o () 3 IO O O O I 1 
013IOOOUl1 
0131000912 C• PRO)UCTION 5 *) 

'*1 .............. - --• -) - - ... ---·- ·-- -·- - -----
0131000912 

··-----·----- - -----------0-1 -3 I 000912 
IF BAL IN lLEFT;RIGHT,EMPTYJ THEN BEGIN 013l000<;:2 

013IOOO~IU 
____ _ __ ~~RI !~-~fl~ ~I~ ~l;- • _1_!_22 ,_ ~-PR o o u_~J_I_~ P ~ .. : _>_, ·· ---· ·--.. - .... - - ·- --- ·-- ••·•·•· · -- -·- - --------------- 013IOOU~IU 

013IOQ13tu 
0131001410 ENO ELSE 
0131001413 C• PROUUCTION 6 *) 

__ , . ..._......_...,.... .... -, - •) - ·- --------- --·-·-- ···--- ·- ·- -·--- ··- - --·- --- ·-·------ ---- ·- ------------ --- 0131001413 
----------0-13100141 J 

013I0014l3 
0131001614 
0131001614 

1 F C~AL = ~OTH~ ANU CNPO > O) THEN BEGIN 
l1RITEL1JCOUTPUT, 1 •125, !PRODUCTION 06')J ·---------· ·----------- G1n1.·c GTiRI o aM , -- - - -- -- --.. - -· · - · ·· --- - L - -· - -- --

END ELSE 
C• PROUUCTION 7 •> 

---- ---,--- .- .~~••••••• • W) 
IF CBAL = UOTH) ANU CNPO = O) THEN BEGlN 
WRITELN(OUTPUT, ' •12s, 'PRODUCTION o7'>J -~~rr·pa[L:EF'Tr~- PB-CRIGHTl ·iHEN B£G'IN .. l. _ ____ -·· ... 

PBTOPFCLEFT)J 
END ELSE Bt:GIN 

PBTOPFCRIGHT H - --- ----tt·""o-, ------- ---------- ------·- ····- ··----- ---------------- -
wR 1TELN Courrur, ' SUCCEED ,, GOALSTACK[GSX))J 

··--·-·-- -·· ·- - - -··---· ·---·- -··------·· ··--·------- -- - 013I001E14 
013100lf14 
0131002011 
0131002011 

--- - 0 1 3 l·O O 2 0 I 1 
0131002011 
0131002212 
01310022:2 
013lOQ2Al2 
013I002CIU 
0131002Cl5 
013I002Ul2 ··-·-- - ---·----- ------:-·------------ -·· ·- -o 1-3 l ·002E I 2 

. 013&002£12 CURRENTFINALPOSJ . 
_________ ----~~~~1~ED C LCATEHEAV IE.ST __ ); ------------···------··--·----·-- ____ _ 

013l003713 
0131003811 

- - .. 0 1 3 I 0 0 .3 9 I U 
END C• DOLCATLHEAVIEST •)J 

----f>R1)-C-~ DURE D Oit£-1·ottJ-. '* .......... ) 
BEGIN 

_______ W_R_I_T_ELt-H OUTPUT, t - ·- GOAL ...:_ ~_, GOALST ACK tosx_l) J 

C• PRODUCTION 6 •> '* ······-·--. *) IF BAL= EMPTY THEN BEGIN 

WRITELNCOUTPUT, ' :125, !PRODUCTION 08!)J 

~·- - · - --------

0131003910 
0131004314 
0131004314 

---.......,01-3 a 0043 I 4~ ·· 
003lOOOOI ~ 
003IOOOOIICD 
0141000011 -·- ·- · -- ·-- -- .• · ---- --------- - 01 4 IO O O 9: 2._i; 
014100091~ 
0141000912_. 
0141000912 
0-1·4-100-0-A·l -3- -
0141000 A I J 

~8f8~~~~~ 0 ;~1~ArS, 
----4E-J.IND-'-'-E-l;SE Br:a-'i-N . -----·--·--·--··-··· ------· · ·- --------

0141001213 
014100131~ --- ---··-- ----- -- -- · ·-- __ __ ,. ____ - -· ·-·- - 0 1 4 I ·O O l 5 I 2 

................ . 
01410015:!;i 
0141001515 
0141001515 

-- - -- 01-41-00-1-515 -- · 
0141001515 



!\-'I 1', s ~-; I'. ·1 !j 1\l I '/ 1: r. c- ; T '( 

- -·· '*""'"'· >. 
,,___,... __________ .__ --.. - -... ~------~-""~----·- --- ------

<• PRODUCTION 9 •> 

014100151~ 
014I0015 I~ 
014100151~ 

-- 0 1 4 I O O 15 I~ 
0141001515 
0141001515 

----------------it--nH~i:"ir:ttLEF t;·-~1 GHT j r ·rHE°N ·-lH:GI N- - ---- --------- ---·-- --· -- --- ··------- ·---·-·-· - _ ___ 0141_00151~ 
0141001515 
0141001713 

WRITELNCOUlPUT, t '&25, !PRODUCTION 09'.)J 0141001713 
-----~- -

1bT~J~W-h1~J-~-0-tG .. ;_~---------~---~~---·--·~--~-----·-·~----- ·---------·---------··---8·t-i:gg1b:l 
END ELSL BEGIN 0141002211 
POTOPBCNPOjLEFT~J 0142002214 

------·-- £ND~~-81-·-·-- ------·--·-·--···-···-····-· ··- ·--·--··- ··-- -··----· ---·- .. ·-····· ·-··--·- -····-· -·-· ·-- --------··--·---------·-g l i ! 88~i: ~ 
WRITELNCOUTPUT, t SUCCEED •, GOALSTACKCGSXJ)J 014100241U 

-----c~N-o_n_§~&frf-i-8{~-~t9HJ' ~...------...--~---- ----~---~~~~-~~~---------~~-- -8}H88 ~ ~ i l · 
0141003614 
0141003614 

-·- -- _______ J R0CE.0lJR.£ __ QQGE.T.RI D 0f.J _____ --- -- - ··- ··•·----···· ----··-- .. . . _ ·-· _____ .. -· ·-· ______ ·· -·-----·--·- ·-·-··--·· _____ ____ 0 14 l 00 3 6 I 4 '* •••••••••• *) 0031000Ul1 
BEGIN 0031000011 

WRITELN(OUTPUT, ' GOAL= ', GOALSTACK[GSXl)J 0151000011 
-~-~~---CT".,.,P-R au u c r 1 trrrirn · .~ .. -~..,...,.-----~--.. --~--~------ --·--··----.-· ·-------~----------------- ---8 t § :-g g 8 i: j 

'* ---------· -- *i 015100 09&~ ________________ J ~ 1 ~1rt~~¥.t~~PB ~-R 1 l~i t i.~~2 ° ~t! I 2~--~-·~-~ _>_! __ . _ _ ___ ____ _ ____ ___ . _______ ___ _ _ _ ··------· ____ _____ ___ . gt~: g g ~ 1: ~ 
PBTUPI(HIGHT)J 0151U0131U 

ENO ELSE BEGIN 015100l41U 
PBTUPIC~EFT)J 0151001413 

- - - - -- -fi-~¥+rL1TCotJTPUTT 1---:-succtF.:·o-·.-, Go·JmA ~Kt 7l sx·n-J ·-----·--·-·----- ..,........ - -=-----·------- ···-8 l ~ : 8 8 l 5 : ~ 
SUCCEEuCGETRIDOr)J 015IOOlEIJ 

END C* DOGETRIOOF •)J 015IOOlf13 
-- ----···---·-------·---·--·---------------·-· - ··- -· ---· ---- ·-·-·--···---- ·-··--·- -- -·· -- ·- ·------·-·--- .. ------ · -·--· ------- ·-· 0151002514 

015 t 002:;i I 4 
01ssoo2514 
0151002514 

--,.-~--.-------- ...,.. ----· --~---------.. -------- .. ,--~~---·-------·----·----- ·- --- 0151002514 
- - 015l0025t4~ . 

0151002514~ 
015I002514<D 

____ ·····-- . ______ ··-----·---______ ___ . 0 15 I 0 0 2 5 I 4 ________ ..,_ - -·--- --- - ----•·----- .. - ·- -·- ... 

. • - WI lTY' 'W4if!&l'MU if iW4W A i=@ • Ct¥ hp .JL!IA4 I \• Jt,+ ..._,9 -A 4 i ---.-.•-,,,_.....,.,.._ -•--- .,.--• 

0151002514-' 
01510025&4~ 
015&002514 
0151002514 -·o 15·1·0 0 2 5 I 4- ·--
0 1,5 I O O 2 5 I 4 
0151002514 

---··--·-------------- --· ---· -8 t §: gg~~: ~ --
015&002514 
015&0025&4 
0151002514 

7 T2TQQ?2 f~ -· 
V4 0 S l\ ¥ ECP Z .X pc::. 1 '1 .,.!$MSfftJ\ ,,. ft..:i QPCC Wt • 



t, ' ' I l J "! I \: :: I , I 0151002514 
0151002~:>14 
0151002~14 

----~-~~~-~-~------,-- --~----------~---~- --·- · ···- --•--· ··-· ·- -- - ··•-·------ ·-- ··-----0 1-5-l 002 5 I 4 
0151002514 
0151002514 
0151002514 ---- ·-- -·-c-•-....l.· ------- . - . ---·- -- ·----·--.. ,--- ----- ------·- - ·- ·-·· ·-·---··- -·-- -·--·····-·-·· - -------- o 15 t O O 25 14 

( * *) ~= MAIN PROGRAM =~ 
--------~,-__,.,..._ -~---- ------·-- --•->·----------

BEGIN 
-----•-- --·-· ·- -- - - -------

0151002514 
0151002514 
0151002514 

- 01-51002~14 
0151002514 
01s•oo2~14 
003IOOUU11 -····-·-·- -·-----IN IT·IAt-IS Ei · ------ ------·-··--·-----·-- · ···-----·······-··· ---- -- · · ·-- •·- --·--- -- ··- ·- -·-·· -·· ·-·-·- ---- ------ · -- -------··--- - oo 3 IO 000 l 1 
003lOOOOI~ 

INPUTOfOATAJ OU310000l~ 

--·-·-·--(-ill-P'fliJ-C·E·-S-S- ..-)-- --­
HEP EAT 

CASE GOALSTACK[GSX] OF 

OU3I000113 
··- -- -- o-u 3 1ooo11 3 

OU3l000113 
003100011J 
0031000214 - --- ---------- --- ---s·E-RTATe:,-ocrSIRTi!tTC--J ---·-- --- ·· - - - --- ·-- - --· · ----- - ... ···--··· ---- ... ·--- ·- -- - --- -·-- ····-- ------- ·- ·· 00310002:4 
003100031::> 

LCATEHEAVIESTI OULCATEHEAVIESTJ OU3I00031~ 
wt:-i Gttt--0-0WE lut-i , -----·---- ----- · -------- ····- - -- --- -- - --------·----···-•··- ---­

GETR IO Of I DOGETRIDoFJ 
--~_:- --rmrn:·1·-----------· - -- ------ ---- ---- · 

END) 
UNTI~ GOAL~TACK[GSXl = NONEJ 

..... -------·-----·-- ----- --·----- -· ------ ·------ -- -
FIN ALP US i C* PRINTING OF FINAL POSITIONS*) 

00310005tU 
- -- 0 0 3 I O O O 5 I U 

OU3l000611 
003&000()11 
OU3I0007t2 
0031000712 
003100071~ 
0031000712 
0031001010 

- 0031001114 
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PRODUCTION 09 

' 181•800000) 
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APPENDIX V 

STAGE l (UPGRADED) ~'!E IGHT SERIATION PROGRAM 



~ - - ,
0 ~~·k~·S= ~~ ~-£~·k£~-~-~! i ~ ~==-=-~-~ ~~-!-~-~=-~:-~~ ~ ~-l==~==-~ ~-~ ~-~}~=~-~-! ~-e ~ ~ ~ ~ ~ ~ ~ ~ ==-~-~ ~=~ ~ ! ~ ~=~ ~-~------· -·- · --- · --- - ·· ········ 
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----- * ~ - - ,....,. ____ ...,. ______ •J·' -----~ ... -- ... . - -·-~-- ·--- -··• ------·- -----------88i :-8-8881 i·--·--·-- -··-- .... 
< • *) 
C• STAGE 3 CUPGRA0EO) WEIGHT SERIATION •> 003*000011 

0031000011 
- ·'-*- --------- ------- ----------•------~ --- - ...... -••• ··- ·· ----*-- '·- ·---- . C• •> _____ ---- -- - --- ----- · ·----·· - ------ ----------- o.o3J_oooot 1.. . ____ . _____ _ _ 

C• •> 
----------------------~-----

C• SIMULATION Of STAG£ 3 WEIGHT S~RIATION BEHAVIOR•> 
--- C-• - 1 NP Ul--I 5---- A----l. lS T- -0 F--W-El-G HT S .. f". 0 R -·ITEMS - T U--- -B E- S ER lA-T E O . *) ... .. 

C• LIST MAY BE ANY LENGTH, UP TO 201 SEPEHATE• BY COMMAS•> 

0031000011 
00310QOOl1 
0031000011 

-- - -----------8-8i~ g.g 2 81 t- ·--· ·---·-
003 l O O O O 11 
003&000011 

·-·- --·· - ·-· ·· ·---· -----003 I 0000 I 1 
003IOQ00ll 

CONST 
___,.~M.A.X- -~OJ~ ._,.._-r.,--,l*...,,.M.AX..1_ .N ll.~-- 0 E:T.l T EMS ... I~ HlCH .•. C AN .•. BE- HAN!) LED .. *).--·••··-~-

G S XM AX~ 10, . C• MAX• DEP HOF GOAL S1ACK •> 

003&000011 
003&000011 

________ OQ.31.00001 l _ ...... 
0031000011 
0031000011 

TYPE 0031000011 
------ uOAL.S E.T.-.ic - CsER.l AT E1 .. -L.C AT £H£AV lE.S T > WE.! G H , .. G E.T.R..100 f' , _ NQNEJ L. ··-···. . _ _ _____ ___ . __ ___ . 00 3 I 00 0 0 S 1 

BAL.STATE ~ CEMPTY> LEFT> RIGHT, BOTH)J 0031000011 
UALPOS ~ L~FT •• RIGHTJ 003&000011 

0031000011 
__v._A~ o, PF, P 1 1 A ,rn Av~Tr'· •• · WA-X-lorRDTr~----~----~--- .... - ·---~----- ···--·---···-·--·-·-· -----------881l-88 8 8 H ---

c • ORI?INAL, INTE,~EDIATE & FI NAL POSITIONS •> 003&000011 

- ~ ~-~~-------.c..: __ ~R: _ _s~_I.TEE_~~-I.~.}.~~xc~~-as ~9r i ~~~-~jl_~! ___ )·--·-·· -- ---------------·-···--- ---- .. _ -- . gg i: gggg a __ -· ---
NP I, C• NO• OF IT MS IN INTERMEOIA E POSI ION * 003iOOOOl1 
N0RlG, (* NO• OF ITEMS ORIGINALLY PRESENTED*) 0 0 31000011 
K I O •• MAX; 003I0000t1 
~t71A~ ~ ~~J-t ~{ ~-Pei s 1. or R·t ACf -~TI7DiITNc-g- 15AN·s..-~-~--- ---- ------ ----- --- ------.. - .. - g g ~ :-g ~ g g-a-.. -:~------
GO AL ST ACK a ARRAY to •• QSXMAX l OF GOALSETJ 003&000011 ~ 
GSX I 0 •• GSXMAXJ ' 0031000011 en 

---S l - RE.A-1.-J--'-*-4-E-E-D---r.-OR---RANOOM- NUMBER-- GE.N-E-RA..l O-R-- * -)~ .----·-- -·--------·--------·--· --- - ·------ 003.l.OOOO 11- - ··---· -- - -
ggj:gggga t 
003I0000ll 

., · -··'"'"'~Ii""•• • +!'_., • .,.., .. ,,"''"'"'"'- -·-·------ ....... -·-----·----···-----·------··88-lf-g-g-gg-:-t-·----------

_........,._.¢¥1 J¥ -., \4if44 J f ~...,.._.__......,.__,... ,,_,_.. _ _.____,..,..~ - ·--- -....._---------- ~------

003 lOOOO I 1 . 
0031000011 

·----- ·--- 003&000011 .. ____ --·-· -
003IOOOOtl 
003IOOOOll 
003&000011 

__________ 0_0_3
1
1.00.00 U ..... 

on~ nnn n tt 



iii -\ ~~sr l lf',! l \ 1 r::r.:: ·T,, 

003l000011 =--,....··-~-·- ··--·- .. -·---__,_··--·---~-·--~ ............ -.--- ---·-~· ·-~· ··••· ------oo-3 •·0000·1-1-·-- .. -- - - --- ...... _. 

--- - ·-------···--·--·- - - ··-- ---·----·--··---- --- --- ... --·• 

0031000011 
0031000011 
003I0000t1 -····--· - . · - · · ·· - ····· ·- --·--- -- ---·- .. .. .... ·-·- 0031000011 .. -· · ·· . . 
0031000011 
0031000011 

•) 0031000011 - ---- --··••·-•- ---·--*) ··----------- -- -·-·-·- .. .. _______ ___ ,, __ .. -- ... __ ____ ,,_ -------·- ·-·---- 003IOQ00t1·· ·· - -----C* 
---- -• 

C* ,. BASIC PROCEDURES •> 003IOOUOl1 
*) 0031000011 
•) 003SOQOOl1 ,. 

--- . ------ ---·------ ------·- ---- - - - ··-·· 

PROCEDURE GOALCNEWGOALI GOALSET)J '* •... *) 

· - .. --- -- ·· .. -- · · 0 0 3 I O O O O I 1 
0031000011 
0031000011 

C• PUSH A NEW GOAL ONTO THE STACK*) 
- B·f-(H· ---· ·-----·------· -- ----·---·- ----.. - ·-- ----- ·•·-•· ---------· 

IF GSX < GSXMAX THEN BEGIN 
GSX •• succ,GSX)J 

003IOOOOt1 
----- - -----------· 003 I 0000 I 1--.. --

_ __ -cN
0
.G.~t-~~lAi~f9sx_l_ 1_~ ___ NE_W_G•ALJ __________ ... _ .. 

END C* GOAi. *H 

"-PRO-C-tlJtrlir-·s-LTC-C-'E'ED1"0l:1J G O"At"l""-ci'O Ats·E-1-r , - .. - -- - ·-·--· · · 
C• ••••••• *) 

C• PUSH A NEW GOAL ONTO THE STACK*) 
BEGIN -- - ···1r-··u-s-x-)i- o- TBEI~ "'BEG'I'N ___ . - -·-···- ·•- - .... ------- --· 

IF G• ALSTACKCGSXl = OLDGOAL THEN 
GSX fs CiSX • 1 

0041000011 
0041000113 
004IOQ02t4 . ·- ------- - .. ---- --- .. -- -----··· - ·------ -- 004&000410 
00410Q06t4 
004lOQ09l2 
0()41000912 

-·-· --- · ------ --~---- · --0041-0009 t 2 · 
0031000011 
0031000011 
OU3I000011 . ___ .. __ . ·- --------·- ·-·· .. - .. . ·-- -- .. -006I000011 · -
0061000112 
006I0003SU 
0061000312 

---·---- ·006 •·oooe Is·- -- ·-
El.SE HALT) ---c-N-o- e:·i:-s-E·-wn:-rr ·-----·- ------·-- --·-- ·---- · --·-------·----·-· ·- ---·-·- -

END C• SUCCEED •>J 
- PRO CED D RrrNTTTA [TS E"J--· __ ,, _____________ ___ ___ ·--·--- --- ·- ·- -- - ---

BEGIN ,. ·-------·- *) 
GSX l= OJ •GOALCNONE)J GOALCSERIATE)J --~~--~ r7!5rm~--- -.... ·---- --- -------·- --- ------···-·--
NP I t ::1 0 J 
s aet 1731' 

- ··nu--c-.--rn1Tr-An·sr-i·n · -----------· ---- .. _, _______ -

0061 ooou 13 
006IOOOEl1 
0061000£11 

· 006toooE11 
00310000:l 
0031000011 
007&000011 

-----·------ -----00-1 • 00-0214 -- -· - ~ ----·--
0011000312 ~ 
0071000410 a, 
0071000414 ·- ·-----·· ··· - --· ·- ----· · o-011·o·oos1~.- · ;;,i.-

0011000612 t;° 
0071000612 · 

PROCEDURE INPUTOtDATAJ ___ ___ 007l0006t2 
t • • ·•·•·-·•·• ...-),~-~------------------- --o·o-:tt-ooo-o~t1--·---

B E G l N 0031000011 
NPO I= OJ r 0061000011 

___ R....::EPl~J- ~ttP"0- .-1 J------··--·-·--------··-·-·-.. -- - _____________________ ,, ____ _________ __ --- ···- ... ----- gg~ :.gggg: ~----
READ CI NPUTI -PO[NPUl)J 0081000210 

UNTIL EOFCINPUJ>) 0061080813 
NPO •= NPO • 1 00610 0~10 1 ---J.I.NAQ.O.R-¼-G--t--a-N.P.-0 J · • __,.,.....___ ------- -------- --------- ----··-··-·-- · --- -·---'Q ~ ~ -~~~ ! ! -· .... ---- ---



---------... ..... ....-..... ~--...... ------~-----~-,....,._-~, .. -.,. .... ~--.. ·- ·- -·· --"'-- .. .... --- ~~~ ......... --.. ·- OCl810QOOtO -- -·- ··· -·- ------------------ - 008 l OOOLffo .. ·---- -· - --- -
0( 8 I OO OO t O 
QC.,81000010 

--·-·-- · - --- - -- - --- ---- - -----·-·- -- ·-·-- - ----------- - ------- ----- ----- -- ---- --- ----- --- ·--- ----·-- ----- _ 0 0 8 IO O O (JI 0 __ _ ------ -------- ----
ooa1000010 

lF NPO > MAX THEN ~~UIN ooa&ooooao 
WRITELN'2UTPUT, TOO MANY ITEMS', NPo, MAX)J 008lOOOE12 

---. E~mr~_e..o ar.: ~-.x> ..• • ~---~----·------ -- ------------- ----~88~-:-8-8-lH-~---- --------
---~-~lfltJH 8~l!.8Jj_L:_~!!~:.!.!:!~~!.~-=~-!~~!~~ :_ ~ 1 -----·-- ··-·--------···- -· --· -------- --____ ______ ggg i 88!!: I--· --- ___ _ 

WRITEL N(UUTPUT)J 0081002810 
HRITELN(OUTPUT, ••RIGINAL POSITIONt•)J 0081002B14 
FORK ,~ 1 To NPO 00 WRITECouTPUT, POCK])J 0081003114 

--~-~-H~r1N~+~8-fr~+H~ - --------- ---- ------- ---------- ------g.g-~+gg-i~+r- --------
WR ITELN ( OUTPUT )J 0081004415 

END,. lNPUTOfOATA .,, ooe•og481l 
-- ------- ------·----·- ---·--· ·· •·-- ------ - ------ - - - ------ - --···- ·•··--· -- ----- -- ----------------·-- 00 8 IO 5 E 14 - -- - -·- - - --

PROCEOU~~ =~~~:~!~!~!=~~~'•> 
_ a~~ i fEl tH'o u 'fp'iJf; p 'c U'lf Rt N r " FI N A7:POS1Tfififl 11 )' · ·­t 21 ~L~~o6~~8r~9R1G DO WRlTE(OUTPUT, PFCKJ}J 

Ou810 Q SE I 4 
0081005£14 
0031000011 

-~-----------~-----~.,.,..--~-0-o.3 .1.0 0.0 OJ l _________ _ 
. . OOCI000011 

---WR.llE.t..N C.OU-lP-1.JJ_)J _______________________________________ _ . ·-- .. --- ---- -
1~ R I T E L N C O U T P U T ) J 
WRITELNCUUTPUT)J 

END C• CURR£NTFINALPOS •)J 
.,..----- --c-....-------,.-----.-.-----~-~-~-------

_____ _...,_,.. _______________ _ 

OOCI000611 
ooc10012to .. __ ___________ _ __ 0 0 CI 0 0 15 I 4 .. ___ ___ ___ . 
OOCI001912 
00CI00lDI0 
ooc1002014 

--------g-g ~+8 g ~ g: !--- ----- --- -· 
PROCEDURE FlNALPOSJ oocaoo2c14 

C• ••a••••••) 0031000011 
----BE-G-1-N------------------ --------- -- ----------------- ----· ----- ---- - - --· - ------ -- ------------- - 003 I 0000 t L .. ___ _ WRITELNCOUTPUT)J OOOI000011 

WRITELNCOUTPUT)J 000100031~ 

_ __ ___.., ~_§-~~t_;~!J_g~P-~~-~~R11~ t619.~-~;J!.P-Lt.lU.)J~ .. ~. ,, . _ -~---- ··----- ----- 888 :_g_8_8l: j _ -- --------_ . 
WRITELNCOUTPUT>J OODI0019t2 ~ 
WRITELN(OUTPUT)J OODIOOlOIO :,q 

- ~Eillill~JJJ ______ ___ ______ __________ ---- ------·-·-------- -- ______ ggg:_gg~~:~ --- ~ ----·· 

y $ " ·. •·(1.'¥ (0: .,. - - *'!' as a s «e a .; 

4 • C( O 4 4 4 «:tR 
1
$ A 444, ;ao e. ;4 cp.11 w ~ 

0001003214 : 
g g 8 : g g 5-~ : : w 

·------ - - -·----· · ___________ QQ.QJ_OQ32-14 . ___ -- -- ----
0001003214 
000•0032&4 
OODlOQ32t4 

------------------ - - ·-- ------- --- ------ ---- - -·---- 000 I 003214 
0001003214 
0001003214 
OODIOQ3214 

8_o_B_aro o.J 2..1• 4 
0 _0032 4 



-~-- ----- --~--------~------------.. ·-~ .....,.. ______ ... _"i•- • ' ... _,.,_ .. ~_,,. __ .,.__. __ ~-.,p,-.¥0--·--•··-- - OOD&0032t4 
- ·---~-000-10032·14 -- -· ----- -·-

OOOI0032t4 
ooo•oo32t4 
000•003214 ·-··- - ----·--·· --·- ·· ___ J ____ ··-·-··-·--·-- - - --··• ---·· ·-- -··--·· ··---·· · -··-··- - - -·-·•••·····--· - , ... -· ·-- -·· ··--·- ····- ······-- - - ···-· ··-··--·----- ·--·- · ·--- oootoo32i4 
0001003214 
OOOI0032t4 

·~-- -·---··--·! ~---·····--·~--~ ---·•·-- .... - . --·. ···-----·- ------·------- ggg,:.g.gj~t:---- --·-
PROCEDURES FOR •~ OODl0032l4 

C* 

~: MOV£MENT OF WEIGHTS * OODI0032l4 
-- - ~:·-·-·------- ·-··----·····------·--· -··- -· -····-- -··- -- :,.... .. -· ... -··. - .. . .............. _____ ··--- --·--------- __ ggg:gg~~:.: .. . 

OOOI0032l4 
PROCEDURE PBTUPI(BPOSI BALPOSlJ OODI003214 '* •••••• *) - - 003&000011 - - t..-MUVC-M"Dfi·--o-r- wE,GFftS- frroM··-·THt~ BAL-ANCc:--PA~s ·------- · ···•··-···----·-- · .. ------- --- - --- ---·- 0·03 •·oooo l 1--·- · --·-·· 

TU THE INTERMEDIATE POSITION *) 003lOOOOl1 
003SOQOO 1 

- a E Gl~ FL e..o s L _t __ ._. - MA x ' --------- .. -- ·- ·----· -· --· -· .. .. . . ·-- . ----· - ·- ·- . .. . - -·- -··· - -··· ·-·-·---·- ---·- -- -· -·- 8 g E: 8 8 g 8 l 
POS l= TRUNCCRANOOMCS)*NPl + 1)J OOEIOOOO 1 
NPI I= NPI + lJ OOEI0002 5 

_ _ _ l.~F'-~ ...... ~?rl~-t~f-J._.T.~~~p·~~1-JJL._ .. __ ---·--··--- --··- ----···- -. --·- --- . - ---·------·----------- 88t: ggg~ ~ ----
~ ;~1i~~~i~~lf~f!f~s!j2~: :~g~~ ~~~:: G~8!i~;11 19oP~i~~,N~~!i~;J'lJ ~~~~~~~i ~ ~ - -'---· - --- ·---·~-] -,,,p·scBf>•Sl,· •· )•)J ·- . -- .. ·- ... . - - . ··- ·--- ·---·----·---·-·· - ooEI0027 1 

ENO ELSE BEGIN OOEI002E 5 
PlCNPil I= PBtBPQS}J · OOEI002Fl2 

--- ~w RJ_u;_1,._tlJ.9~le .. ~lhsenJci-~ r,:-~ 9-lf .. P B. ~-~-.. __ BPO~.•-s~l _ _l•_ -~I l_!_, ._NPJ ~2_, ______ ---------------8~t~gg~J: r-·-
EN OJ OUEl004710 

OOEI0047tO 
---- --u: __ ~ ~-LsPlT~ 0-I-H ct~ f NT~ t ~ 1 N_ -- - ·-·- -- ·· ----- ·-- -- -- ---- ----- --· · ---·-·• · ·· - --- - · - - -- - - --·- --··- · -- ·---- · ·· · - - 8 8 t 18 8 ~ ~: ~ 

BAL I: RIGHT OOEI00491J 
ELSE BAL •~ LEFTJ OOEI00491J 

- c-,,nl~~• -~la1~l8-;,;II EJiE.TYJ___ ____ ·- ---- -·-,-- ·-- ··----·-- --------·------~f:gg}~.:r----~---··---
__ P_R_O.C_E_O_Vf ~-·P-~;~~~ (_~ )·D S ~ _ B_~.L tO S .>. J 

C• MOVEMENT Of WEIGHTS rRoM THE BALANCE PANS TO THE FINAL POSITION 11>) 
BEGIN 

--~tf N~~ l N~~ ~B ~i-P-9"51·r------------- - -------------·-----
WR I TELN C QUTPUJ, ch l4S, !M)9vE PBC', BPOStS, 1 ] TO PFC', NPr12, 

l , ,PB 0POSH . . · )J 

OOEI0053t4 OQ 
OOEIOQ5314 <D 

_____ OOE}005314 __ ... ~ 
gg~,ggggH t= 
003IOQOOll 
010100001 - --- -o nrto·o-0-1,-2 ··---------
0101000314 
010•001112 
010•001910 ---rrr:r;~UJllLTI·yN"~~f~1N-- ·-·---·----···---~--·····---·--·---·-·-----· --- · -· - · ·· ----·---·--·····- ·- --· · - - ---· 0-1 o a oo 1"9 ro 

1:3AL t= RIGHT 
ELSt BAL I~ LEFTJ 

fi ND E t!>-£- -S--/f~-t-.-E"tH>·t-Y->- ----- - - ~--- - ~ ~ --

010IOQ1At, 
0101001813 
010•001013 

-- ---~--- ·-- - --·- --- ···- ·---n1 -nt-<tn-t-n1-~ ··-----



11.; 1 ,\..:) l ,_ • j \J I ' f s J : T y 

~--~--~~~~~----..--~-------, .. ,,_.,...,. 
.. ,, _.,. __ ,.... ___ ,.,....,_,.. _______ . ·-~~- ...... -~------ -~- ___ OlOJ 0020.l 4 .. ______ ...... _ 

010•002014 
010•002014 
Ol OI002014 

------------··-·--·----·· --·------------·· -•· ·- · -···· • -· -- --····---·---··- ---·· ---- ·-· ---·-· ··-···· --··-·--·-· -- - · -···- -----· · - - -•···~·-··- -··· - ··--- ---- -----01.0 a· o o 2 o t 4 
01010020&4 

PROCEDURE PITUPOJ ) 010
1
t0020t4 

'* •••••• * T 003 000011 
_ t•-1mv.EM.£id _ Clf_ wUG1:11-S.,..£.Ro~i.r ·~~-E~-l~R~~~-A 1 ~i~( ~5f'ftr• jT.·,~-----------·-- - ·---~---- ---gg f:-g 8 g 8: 11 ---- ----- ---

BEGIN . 003100001 
WRITELN(OUTPUT, 1 1 145, !TRANSFORM PI To P0 1 )J 011&000011 

----PO J _li _ Pl J ·----------- ------------.,-··· -----·· ··-··-----· ·-------- ------· --·· . ···--·- ---••·· - -- -------···· O 11.1 o O O 81 u. -- ____ ---
NP O Im NPIJ 011IOOOAl3 

WRITELI~ OUTPUT)) 011•oooc10 
N P l 1 1: i; , 0 1 11 0 0 0 B l 2 

--.... ~~tttttt g~+~~-f~J-,N t w ORIGI NA[ P(js1TfiYNT' .5T_____________ ------~ 8·itl·88~·r:-~-------
__ ; ~J lit l; rg ~l! ~ l~ i ~----~~-:-~~-~-~-~-~-~~ ~~ ~ ,. ____ ~o _c_ ~--

3
. -~~-- ··-· _ -- .... .. -- _ _ _ - -· ... .. --- ··-·· .. .8 U i g 8 ! I : I ·-_ ····· 

WRITELN(OUTPUT)J 011too2c13 
END C• PITPPO •)J 0111003011 

0111004014 
PROCto1J1tE ' PoTo~a C v·AFr NPO t I NiEG°E R) ~eP•-sf-aATP·a··s->, -----····--....----····-·~---------------8 tr! 8848: :-------·--·- -'* •••••• •) 0031000011 

_ _J EG ~]~_e:_M ~_N T_ •_F_ w E_l_G_H_! ~---~~-~-~-.. r_~E __ o~!~_I_N_A~-- ~ •-~~~~-~-N _T~- !._~ s ~-~-~-~-c E_ ~ > __ ··-- -· -- ---·------------ ·--·- gg ~: gg gg H ________ . 
WRITELNCQ~TPUT, • •a4s, ~•VE t-iot', NP1Jt2,'l To PBt, BP•srs, 012,000011 i C , ~OLNPOJ; , )t)J 012lOOOEl1 

--~li~~g_~~~ OlJ_ . --~------. ........ ,.., . -~----·-----·-· ---- --- __ 8.t[:gg_t~:_g ____ -
012&001914 

lt BAL~ EMPTY THEN 0121001914 
BA~ Im BPUS 012&001Al5 

END£-t:£-p~~~p~• *~9T-HJ-------- --- - ·- - ·· ·---------------· - ·--------------·-·· ·· · - ----·-8t~: 88r~ :~ -·-·· .. 

~ -- --.-,-• ffi PW W - ---

------------ -----------------·--·-· ----------------- . - ·------··-----------------------

012•001f14 
012&00lft4 
0.12.1.0 0 1 f l. 4-·--·t-c, ___ _ _ 
012100lfl4 n, 
012i001Ft4 c,:i 

_____ g 1 ~.188 l E! ! ---- _: ____ -
012&0Qlft4 -i=:-
012I001ft4 \J1. 

., P O •. 41¢:f'FIIPN "" 4 « •--•if- .4 ae;p •- • • ,. . • • ,, --••-·-•·------•--- gt~ig-g-1fi-~--------· 
012i001F14 

c;_ '--'i. # 41 e:+4"1J,14P,l) ':'Y"'WP!ifi> @ P AQ 4fC < '4 4 ,(( ;;• " 

-~ ' 

012I001F14 
------·--------0-1.2100lf 14 .. 

0121001fl4 
012I001fl4 
012&0Q1fl4 

·------- g-t ~ 18-8+~+:--- -----
nit n t n ,... • r- • ~--



0121001ft4 
·---~--........ ---------·~---·---·--~- - - ---··~·- - ··-·--------or21-oo t-f i-4 -- --- -- ---- - --- -

012I001Fl4 
012I001fl4 

· 012I001Ft4 ··-- ··-··-·-·- -·•--·· ·-- ··--------·------ ·---- ·--·-··· ---·- -- -·-------·---- ------o r2 a oo 1 r·a 4 - - -----·--

~: . " ' ' --~-.. ! -~--------------- ----·- --.1.. 
C* . PRODUCTION SYSTEM •) 
C • * > 
C * * > 

. --- - ---- ---.. ·-- -· - ---•·---· -------- -- - --- ·-
PROCEDURE 00S~RIATEJ 

'* ··-----·· ·~ 

0121001 Ft 4 
012I001Fl4 
012IOOlf14 - ---o 121-00-1 f-1-4--- - --- -
012•001f14 
012I001 F l4 
012lOQlf14 ··----·- - -------· ·-·--- · -- 012 a O O 1 Fl 4 

BEGIN ---w R-I-T-e-L-rtC-otrrM;JT---,- •-au-A-L;;- -- '---~-~ O·A L; s -T A-C·K+G·S x-]) ,__ ___ - -·- ---- - -- --- - ·- - - ---

012IOOlfl4 
0031000011 
0031000011 

- ·-·-O·l·-3-l-OOOO+l -· - - - ·-·-·· - -· 

~: ~~~~~~!!~~ ! :~ -··-·-·--n·--N P •--->· -1 -·-rR E'W 1lE"CHlf' . -······--- .. -- ----·--·---- - .. 

013&000913 
0131000913 
0131000913 -- ··--·---------··-· -··- ·-···---- ---- ·· .. .. ·-·- -------- --- -- - --- ----- · ·oi-3•000913 ....... . 
013I000Al4 
013IOOOAl4 
01310012:4 

·0131001313- ··---

WRITELNCOUTPUT, ' !&25, !PHQOUCTION 01 1 )J 
UOALCLCATEHEAVIEsT,J 

- - -E'N ur:-c-s·c-- ---- - - - -----------
0131001410 

((• PRODUCTION 2 *) 0131001410 
* , ••••••••• • •> 0131001410 

--n •·-· 1.N'Pu '!ir -·n -· 1r1ru-- caAl:-•·1·w- c·i.;tfi,RlGliTl) · ·rHEff ' BEG1N ·• - . ·- ·- -- ···- --· .. - -·- ·---- --·----- - -: ·- --- ·- " 0131001410 

WRITELNCOUTPUT, • 1 125, 'PRODUCTION 02!)J 
GOALCLCATEHEAVIEST)J ----E NO-r:L·s-L ·-- ·· ·- ---~-~ -~ -----··----

013*001613 
0131001613 
0131001[13 

----- - -- - - -- --- -- -- -----0·1 -3 I O 01 f 'I 2 ------ -
013I001fl5 ~• PRODUCTION 3 •> 013tOOlf15 --·--rr -? NP u··: ~-5-j ~AN o-!·fNp-r - ,.--o )·-·-r RE rrsr a IN ""· --... · ·---- - ·-·--· ------ · -- -- ··--·-.... · ··------------· · ... ·----- -- ·- -· ·- · · · .g l j: 8 8 l ~: ~ 
0131002115 WRITELH(OUTPUT, 1 •a2s, !PRODUCTION 03!)J 0131002115 

-~·-E-N~O p ~ l ~-~--------~------ ------ ---------·----·---------- g l-i: gg~ X: ~--~ ---·• .. . •·· 
0131002810 !!-' 

(ti PRODUCTION 4 •> · 0131002810 °ci 
(• ~•••••••~•. *) 01310028&0 ----n·--1.-N-Po- ·e -o J -AT'4o--·c·N p·r--.--crr-ANt)··- re·tt:- rN ··-ci:EF' T ,RTGHi' J--, - -r FH:'N- B'EG1 N---- - - ------·- -- - · -- - - -- -···- 013·100 2 BI o-· -- _. --

013 IO O 2 EI 2 -i:=--WRIIELNCOUTPUT, , !•2s, a~ROOUCTlON 04!), 013•002E•2 °' 
- ~---f 4a-~e;f·~-t½~-r-l ~ ~~--8~. N 8-l-l~ 8 8~l~-~ ·---- ·• --

t ND ElSE BE~IN 013*003812 
PBTOPF'tRIGHllJ 0131003815 

~No; · __ _ _ 0131003915 ~ITeclETiti~Jfjfr)-; s-tJ·c-c-tEO-·-'-r -<HtAt·sT AC l<-t-GS-~ J·), -------·---· --·- - - - .. - ·- ·- g l i :gg·t ~ :r. --·---
END' . 0131004410 

END C• DOSERIATE •); 0131004410 
-.-,o 1·3·1 00-5-0+4··-·-



----~- ......,._._ -........ ... _ .... __ -- .. ___ ...... ___ .,.. ____ .,._, _...,,. ·--· . 013~005014 _ ··- ··-- _ - --
0131005014 
0131005014 
0131005014 

- ~ --------·----·-•· - ------·- -~ -----~· -•- ··• . -·- ·· · - ·-·-·- --· - . ·-- ·- - - ... _. -·- --- ·· _ ... _. · -·- -·--- ·------- ··- -- -· -- -······- ···--·----·- ----- _ _ _ . o 13 iooso 14 __ 

PROCEDU~5 2~~~!!~~~!~!~~!'•> 
_ B_E...G{-~I TELi~ C OUTPUT,; G"oAt ....... : ,-G•AI"SiA 'CKt"G'S"~r) r --~~---~----------------~- · 

0131005014 
013i005014 
0031000011 

---~·----- -~8~ fl 8888 H------- -··· · -
0141000913 

C* PRODUCTION 5 *) 014l0009tl 
---·-~ ~-sAr-iN·rr·ur, ~1·taH1', EMPTY r •·1 HEN ·· aEG1 N -- - --·- ·- · - ------- -·----- --------- - ---- -··- -·-------- ---------- 8 l ! : ggg-i: f -- --
- WRIT~LN(OUTPUT, ' ' ' -·-C-ND.G~t~{ltLI..GJ:JJ.) . 125, . PRODUCTION 05~)) --------------~ 

o 1410001n 1 
0141000811 

·---· 8 t :+g 8+t-: t---- · 
0141001414 

-----·--~ :-~~~~~!~!_~ __ :J, ___ -------- -·-·--··-· -- ---·-···--·-·- ---·------- -- - -- ·--- -·-·-· ·--· -- --· -- -·-·· ----·---- -- __ -· 8 l i: gg iti i _. 
lF (BAL• ~OTH) ANU CNPO > 0) THEN BEGIN 0141001414 

0141001615 
WRITELNCOUTPUT, ' 1 125, !PHOOUCTION 06!)J 014100161~ 

--~~G.OAl.r~t.l-Rl.D-UF-:,.).J .. ._,,,....~-~~~--~----T~---··---r~~....,----·~--- - --•--·------.......--- ---- ·- -···-- _Q 14.S 001.£_& 5 _______ . ·-ENO ELSE ... ' 014100lf15 
0141002012 

C• PRODUCTION 7 *) 0141002012 
----- '-*-----•••---- -- --*-l----· -···-- . -- ---·-·· --- -·· ___ .. ___ - --------- --- ---• - ··· ·-··. . .. ----·· - ·- ··- - ----· - - - .01.4 & 002012 __ . 

IF CBA~ ~ BOTH) ANU CNPO a O) THEN BEGIN 0141002012 
01410022&3 

~ ~ 1J~.t-~1~~~j p~ ~P-B-~~,~~-fjj_~-~~~t~l2.~--~~-:__-~----~~-------- ·· ·--·-······-~·--·····-· ____ 8 ltf _gg ii: t_ . ____ ·- .. 
' PBTDPFCLEFT)J . 014•002Cl1 

ENO ELSE B~GIN 0141002010 
PBTOPfCRlGHT>J 0141002D13 

------- END>---··--·- -- ---·-·····--- ,----- ---------- , ·--· - -·-·· -·-···--- -·- ·---- --------- · ···--·· .. . - ---·· ··- -· •· - .01410.02El3 ... ___ _ ___ · -·-WRITELNCOUTPUT, SUCCEED , GOALSTACKCGSXl)J 0141002El3 
CURRENTtlNAyPOSJ 0141003715 

- n ·No~~~l~~~~~~~H~:;-~~~s:~~----·-----·~----r---........ ,~, ------ -~---··--···-· --~sii :ggj! i !--: --
01410043 t 4 OQ 
01410043&4 (I) 

- P-R~t.DU-R-C.-D-0.W £.t..Q}I.J ------ -- -------·- ---- ·------------ - ·-·--··- ··-- ---- ----- 0 14.1 0 0 4 3 L4. ·-- -- - --- -- -. '* ----··· *) 003&000011 ~ BEGIN 0031000011 
WRITELNCOUTPUT, t GOAL• !, GOALSTACK~GSXl)J 0151000011 -.J 

, '-""

0 •er; 'p'~·ooUcTlof'.J 38 • r ·· ·.. - · .. ---- -~---·--·---------8-t§+888i-: l-·-
,. ··--······ • •> 0151000913 Ir BAL s EMPTV THEN BEGIN __ 0151000913 
WRI TELN C OUTPUT, t 1 125, ! f>ROOUCT ION 08 1 )J ----- ---- - -· --··· - -·-·--·--8i"§: g-gg~: :---.. --- -· . -·. 

POTOPB(NPO,LErT)J . 0151001214 
POTOPBCNP01HIGHT)J 0151001410 

_,,,_E~.O- t;L~E .. JtE,Git;j,,.,. «, _ ., • , -• --· q • -----·~---------- 8H+881~-:~------
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----- ~---~------~-----"'- ·----·--·-·- ··"-·-..--·---- ··-.. _,.... ___________ __g~ ~-:-8~-t i-: 8 
01510016:0 
0151001610 
0151001610 ----------··----------·--. ------- ---- -- -- -·- -·----·--------·- --------- - -·------------ ----- ---01s1001610 '* PRDUUCTION 9 *) '* ···-····,·. •> Ir (BAL IN LLEfT,RlGHTJ) THEN BEGIN ~ -------- ---

WRITEL1~COUTPUT, • '125, !PRODUCTION 09 ~ )J 
If UAL(~ LEFJ THEN BEGIN 
POTuPB NPO,R GHT)J 

015&001610 
0151001610 
0151001610 

-----0-1-s-• 001 7·t 4 -- - -- · - -
015&001714 
01510Qlf14 
0151002015 - - END ·ri.::sE-·srarw---·-·----·· -------· -----·-·---·--- --------- ··-------··-- -···· --

PoToPBCNPO,LEFT )J 
... -- -- . -· - -· ··------· - -- ---- . --·-------- 015 IO O 2 2 I 2 

ENO; 
ENDJ 

015100221~ 
0151002411 
0151002411 

e-N1) J ---- --------------·-··----·------·-·-------· 
WRITELNCOUTPUT, t SUCCEEO •, GOALSTACKCGSXl)J 

------~i-s·• 0024, 1-
o 1 s 1002411 
0151002013 SUCCEEo,wE~GHH 

- .. E.N.D_ tLD_o_w_E...lG..tL~-- _}_ -- -·-··------·--·---·-·--· -· --- --- -

PROCEDURE OOGETRlDOFJ '* •.•....... *) _ ....,B_E_G_I.,.... N--- - -- ---------~------------------- -----
WRIT ELN (OUTPUT, t GOAL~ ', UOALSTACKCGSXl)J 

_ _ ___,(~· PRODUCTIO_N_ l_O -:~-- ---··-·-···--- _ _____ ______ _____ _ 
C ............. i 
WRITELNCOUTPUT, t t25, 'PRODUCTION lO!>J 
IF P~CLEFTJ > PB[RIGHTl THEN BEGIN 

· · ... -· ·- ·-·· ------·· ---- -·-- --- -- ----- 8 t ~: ggj~: ~ 

--- - ------ ·-•- - ·-----

0151003614 
0151003614 
0031000011 

-----------00·3 IO O O O I 1 
0161000011 
0161000913 
0161000913 --- -- · - . --- ----- .... __ .. ___ _________________ 0161000913 

0161000913 

PBTUPICHIGHTH - - -r-,EN'""Oc-'--P~Tfffil~J1),- ------··----- -- ·------- - ------
ENOJ 

016:001113 
0161001311 

-----or61oot411 - ···-- -·-----
0161001414 
0161001513 
0161001513 ---~~-e~~~-~-8H~-~-6trr; ,- ~u_c ~-E~O ___ -~-~_ G_O AL s_t~ c.~ta s X1 )_L .. -· - - .. -

ENO C• OOGETRlOOF •>J 
----- - ----------------- ------- -o 1 6 l 0 0 1 [ I 5 -- - -

816I001f15 
161002614 

0161002614 · 
------o 1-6 1-0 02 6 • 4---- --;;;, - - · -

01610026&4 CJQ 
0161002614 <D ________________________ ..,__. _____ _ 0161002614 ------------ ------------------------- ----------------·1n6·10026·14- ·- - -~ 
0161002614 t:, 
0161002614 

', ... ,. 

0161002614 --------------- --------o ,6-tcro-zoi -4--
016•002614 
0161002614 
0161002614 -------- ----- -- --- -----.. --· ··--- cn6•002514 ··-- -- -

-----------------...-,...--------------- - -·· -

016•0026:4 
0161002614 
0161002614 

--0-1-6-I 00-26·t-q--------- ·-
l'\ IL. n""""' ' • ·· 



------- ·~---- ------------·-•~-------- - -·-.--- •- .. ._. .... ____ ....., __ .. _____________ _ ·-· -.- -- -· -- - - ---·-·-· ·· ···-01.6. ' 0 0 2 6 14 - -- , ... -· 
016100 2 6&4 
0161002614 
016100 2 61 4 

----· - -·- ------ - - --- ·------·--··· ·---····-·-- ··-· .. ----·· --··-·-· - ---· -·- ----- - --- - --· --·--· --•- -· ----- -- --·- - - -·--- 01610 0 26:4 

___ _ (* *' ( *' - ,- . - - --·- - -. y·•~---- --·.......-, 
C• MAIN PROGRA M *) 

0161002614 
0161002614 
0161002614 

--·-·-~ - ·-·---------~--------- ·-8 t i+gg~~ :·: ------- --· -- · 
0161002614 

______ l:__ - ------------··------- ·---·-- --· ---·--: ~--·--- ----- ---- --- ---· --·-· --- ________________ ·--· _ ·-· . _______ 8 l ~ f 8 8 ~ ~ : ~ . __ _ ____ --· __ 
BEGIN 

__ _..I N-l!.l.Al..1-S.EJ..._ _ ___ ~ _ 

lNPUTOrOATAj 

0161002614 
016I0026l4 
0031000011 

·~---0.Q3J _0 0 0.0.1.L _ ___ _ .. 
Ou3I000015 
0031000015 
0031000113 ~-Ei;·f ~·9° ~SS---•->-·- ·· ··-- -----·- . -- ---- --· • -· ---- ·-·--· ·---- --- --0 (J 3 l O O O l I 3 .. - ... .. 

CASE GOALSTACKCGSXJ OF 
. ._.....-~,.,... S-E-R.1-A-T E-1- ,-DOSC-R-1-A-TEJ -.,.,..,,. ~~-,-- - .. ·---- --- ------~--.... ---,-~--·--- . ~•--..._....------- --· 

LCATEHEAVlESTt DOLCATE HEAVIESTJ 

Ou3I000113 
Ou3I0001l3 
OU310002l4 

~ - ------~-.u-0 03 I 0 Q.0 2 I 4 - . --·-· - .. 
0031000315 
Ou3I000 3 1!) 
0()3100051 0 

-- -.. -- ·- -WE I GH •·----- 0 0 W E-I.G HJ. -···· -.. ---- - ... -- --·-·- -- -·- - . . ---------- ... -- ---- --.003 IO 00 510 

G~TRIDOFt DOGETRlOOFi 

,.NO.NE.I _ ___ ........,...._~-·-...--- •-- ·~-~-........ --- ------ -~ -----····--·---·----··----- -

0031000611 
0031000611 
Ou3I000712 

- ·· ·•----0 0.3.1 00 0.7 l 2 .... _ . __ .. _ 
003&000112 

END) 0031000712 
UNTI~ GOALSTACK[GSXl = NON EJ 003100101 0 

-----·-- --- - -- - - ·-·- -- ··- "--.. -·-·---- ·-·---·-· - .......... --- -·-···· - -··-- ·--· - --· -·--····- ·- ........ ........ - ---·-·- - ·- ·----- · ···-·--- ---003 & 001.114 
FINALPOS) C* PRINTING OF FINAL POSITIONS*) 0031001114 

0031001212 
END• 003100121£ 

-= :.:;:.;:..:..::..:.=.:.=.:i.~.=--=-=-=-:_:;;_:1_: = :1~=-=.=.i;: =-=-=-=.=.==-===CO M.P.1.LA.T.1.0 N..-.S.U.MM A.R 't..= =-= = = =-=-=.=-=.=.: .;:.= =.=.= ;::_;: .. :: =..: ;::_= .. =.=-=..;;.= =.=.E.=.~ =-=-= =.=.=.= = ;:.= = = = = = =- __ ·--· _ 
( ILE TITLE'& CAHO• I 

IE T1TLEI SERIATION• ~ 
D BY COMPILER . ~ 
-------- ------·-·- ------ -•··---·-··--- - · ·- ·-- •- - ·- - •-··- ----- - --- - - - - - --- - ---- ----- - - - --·----·-·--· CD .• - -

DE SEGMENI~ VALUE ARRAYf EST• STACK EST• MEMORY DISK SECTORS ~ 

758 88 57 1502 64 ~ 
.. =...::,; _;:_~ =5,.~ ~~-~ =-• ~ ~JZ,..,=-$~.$; ... :;it:sr~ =-:--=t:;..;::_ ;:-~ -~-: .~_;:_: _::,.:;=.= ~ =_;:,,: ~ ... =;:.: .. ~ ... ;;,;:.: ... ~ .. :a:::;_: : = .. = : _: _: _c_=t=J: =;: = =;: = ... =-= = =-= = ? E-~ .. = 11. =_;:_: _: _~ ~-=-~ : _:;_: _: ~ =-==~=:a: ---- --, .. 

- ------ •-•M·-- ---- •---- --- .... -• •· ----·-- -- -- --- - - - ·----· -· -~----- - - ·•···-- -•· ------- --- -··- · 
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·--· .. _.....---,,. .. -.........-----..---.- . . ...., .. .., __ ,,.,. __ ---- -·-- --~-----· ... --

. - OR I GI NAL- P-0S 1-T-ION l -- - ----···----···--· -- - --- ·-·· ··· •-" •- · . 
179•000000 181•800000 1761100000 

. . . - . 

180•000000 · iao. e a·o o oo -- -- -r r1-. :io a c ffo· · ·· ·- -- ·i tr2.·1 o"tfo a o 

-------- ------G_O_A_L_ .!__ S_E_RJ1'_u: p R o·oucntITrllT ____ ---·· ··- -· . . .. ··- -~----------····...,.,.- -~-~--- .. ---·- - . ·- -- ---·· 

--- G•AL = LCATEHEAVIEST PROOUCTIUN OS . ···--· _____ --·· -------- -----·---··- ·---·- - · ·-- ·------
. ·--···· -- ---·· -··-·- · -·- ··· - -· - 182•700000) 

------ GOAL _::il __ _ _ w.£1GH PROD-UCTIUN Od MOVE Pot 7l To PBt[Ri~~t~ ~ 177•200000) ------------ · 
MOVE PO[ 6l TO Ptl ---- -------------·_...·- --- .... ----SU CC f.:.£.D _ __ fLl.GffiCsr-...---.....------~--

·-7,oA C• LCA EHE V PRODUCTION 0
6 

_ ·-··· . ... ....... .. - -------

177

, -

2000
o·or· 

GOAL= GtT~ID• r ~ ---.PR-ODUGT -ION --1-0--- - ···-·- -· i,fovt -··PB[RIGHTl TO PI[ ll C 

SUCCEED GETRIDOF 
GO AL a: LC ATE HE AV I £ST PJiOD.U.CJ_l O N~ O 5 .. -- -----~---,--,- .,. ..... - ··· ·- .. 

--lf(fAL=-·. ·w E f G H • . ~ p R OD U C T I o N O 9 M O V E p O C 5 J T O p B C R I G H T J C 1 8 0 • 8 0 0 o O O ) 

~--·•• -.. -, ·--.---,.., .. --~~ - ·· -·-- - ·• -.--- -··· ----··- - ----·--

----- - ----

GE~Ec~t
0

Lc·i1~i-~~v-ftsr- ··;~-~~~~-~r •N a~ ··· -·- ~--------·-----···~---- -------- ------
GO AL • GE TR ID O t l'.R0OJJC.T.10 N....1 u __ ··•- j.f [J\TtPft- r r r·o ·p1 [ n 1 l 

, . MOVE PBCRIGHTJ TU P 
SU c C EEO GE TR l DU f:" __________ . . ___ :- -- --- -------

- - -GOAL-- = LC-ATEHEAV-1-t:sr PRODUCTION 05 

.l t --180•000000) GOAL = WEIGH PRODUCTION 09 ------ MOV.E~P-O( . .4l_ TO . P..~tRIGH.T. - ---- ... 
--- ·~--r- ----- ...,--;------~--- -----·-·su cc E. tD ·--WEIGH £ST . , 

Go AL :11 LC ATE HE AV I p Ro o u CT Io N O 6 _______ ____ _ 

( 180•800000) 

·-· -··•·~--- -·--- - -·•··---- -------- - -----•- ·. ,. 

"'Cl 
______ p) _ - - -

()Q 
a, _ ________ GoAL ___ tll _ _ Gt.TJu.o.or PRoouciToi10- ·- -·----M•VE PIC 2l To PIC 3

1

l 
2

l c 180•000000> 

MOVE PB[RIGHTl TO P ·---......,~-------···· ·--·-------· - GOi~-C-~Uilll'(ffi-iillfr• "~'~o;~~;~·o~ -;;- . ---~-
~ 

\.n o -·---- -

Go AL = WE I G H · • ~-R-0..0.U.C-1.to.N_ Q.9. M·o VE -P·•-tTI- foP B CR I G Ii T l ---
SUCCEED WEIGH EST I • 

Go AL a LC ATE HE AV I eR.o..D.U.c.J.,lOJ.L.,0..6t..,.s....,,.,..,... _...,...,_, __ __.,.._, __ _ 

GJ!AL: • GETR rnor_ • ·:-"' -~Raoucn aN 1 o . MOVE P 1 c 1 i To P 11 H , , , 
. u , O.V.Le.B [.R I G HT l T n P 

C 176•100000) 
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I• 'V .. ..., 1 1 ✓ 

SUCCEED GETRIDU_f"...__~~~--~-----..-•--.-- ----··· -- .•.... ·-· -

--~-oAr- ···=AiEtto:'tI~S PRODUCTION 05 ___ --- ------ · -- -- · 

. - - - -- ----- ---18 n aooooo > G•Al. = WEIGH _f_R_OOJ,/_CTJ_O.N __ 0_9 _______ , ____ M•-VE--POC --2J · ro PBCRlGHT) C 

-- -· ~~cc·i-~o - -; :: ;;-~----- -------------------. ·-·· -- --------- --- -- -- ·--G O A L = L C A r £ H E A V I £ S T p R (J D U C ..!_~ _u N 0 6 -- ··-·- ----- · -----

--G-Q·A-L- •---G-E-iftlittl PRODUCTiON 10 MOVE PI( 2l TOT PlCpyi 2] C 181•80oq_go~----- ··-- --·- · · · 
' M •VE _P_ Bf_~ I G HT l U - -- --·· --- ... · - ---·- SUCCEED -- - GEiR10trr--·-·--··-- - -- ------ -···- ·-··-·· 

GOAL: LCATEHEAVIEST 

--- -·- --... -------- - ·-·•··-~ 

GOAL Ill WEIGH 
------ ··--- ---- PROiJtJC ·T I·oN·-·09--·------ ------·- --------· -- · · -·-- -- - ·· --· -------- ·----------- --- - ------ ---- ---- -· · · 

E 
I MOVE PO[ 1l TO PBCRIGHTJ C 179•000000) 

SUCC ED WEIGH · 
GOAL= LCATEHEAVIEST ·-. -· - . -·- ---·-rRODUCTioN·· o1 · _ , ........ --·-···· --· --- · ·---·---- ·· ···-- · -· -· -·- -- ···- -- - · -· 

MOVE PB( LEFT] TO PFC ll C 182•700000) 
SUCCEED LCATEHEAVIEST 

CURRENT FINAL POSITlONI 1 · 

- -- Ta·2-rro ou-o-o 7fi-U-0UU-OmH:-Fuu-·--o , o·o-01Jo 01>£+ 0-0--0--. ·ou·ou-o o OE f"OU --o -.o ou o·cro crt·,o-cr--oTo·o·o o o-oUE"•-cru--o-,-oo o-o·o om..·+ o o · -· 

PRODUCTION 05 

----- --··--- - - - - --.. ·· . --- ·- -- -- -·•··-- - ... - . ·- - ··----'----
-- -.G crA L- H- · - S nu A re- p R (J D u C T I O N O 3 

TRANSfORM PI TO PO 
-------... ··- -··-- ---·· ·------·------- -- ----·-- ... - .. --

NEW ORIGINAL POSITION& 
178•100000 181•800000 111.200000 180,800000 180•000000 

---···· --- - ----•------ -- ---------

GOAL II SERIATE 

__ G_O_A_L 1: LC ATE HE AV I EST 

GOAL. II WEIGH 

PRODUCTION 01 
-----·----- ----YRU01J cTI1m- ·o·c--s ------

P R O DU C T I O N O 9 M o V E p o J_ __ 5) __ T_ O . P_ 8 C _ L Er t 1 
·tr----------·-·--su CC EE D wm 

GOAL :a LCATEHEAVIEST PRODUCTION 06 ___ --~----:--~:-:.-~:-:--------·- ----

GOAL~ GETRID•r FtO-Ot;-C-rioN 1e E PBCRIGHTJ Ta Plt 11 c 179•000000> 
(I • MDV 

-----~-------------------· ··- ---- - ---·--

~ 
180•000000) ~ 

---- - · - . ·-- - ·---------- ·- -· · -· (lQ 
(I) 

( 
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\,7. 

0 F' -------- ---------· -----· . - - - ·-- - -sucCEEo GETRlDEST --- -- ·-·····~- . GO AL -= LC ~ T EH E A V I ·· p Ro o treal-ott"- 0-5 ------·-G-0 AL. 11: WEIGH 

. . s-uc-e-&E-0---W·E-tGH · • ,. , , -- MOVE PO t 4 l TO PB CR I GHT l 
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1 

GOAL ~ LCATEHEAVlESl:, .. il ,l • .,,,-,,-----------~--
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PRODUCTION 09 

' 180•800000) --~--------------~---------
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... -GOAL.--•-- b-C-AT-~!Hill-1'. . MOVE PB[ LHTq ;A PH 1 l 
PROD U-c°T-I (J N. O ~ --- -- ---·-·-··--------- --- ... ---- ·····- ··- ----• - -- --

( 180•000000) 

GOAL 1: WEIGH 
PRODUCTION 09 

.-~-scrc--c-t:·w - WE I G •' MO_V.E_.e..o [_ 3 l_ lo_ e_a_t ___ LE.E...TJ~_ .l __ .J.17_•_2..Q0.00.0 l 
GOAL• LCATEHEAVIEST - --------

- ---- __ G.O A L ___ I! __ G t.tR.1D.O PR DD UC TIO N Ob 
PRODUCTI •N- 10 ·---- -- ----- ----·------

S. UC_C_E._E D G LI.JUD Q E MOVE P IC 2 l TO p I C 3 l 
GOAL 1:1 ·LcAiEHEAvn:sf _,,.,,, ,, F, MOVE PB[ LEF'TJ TU Plt 2] 

GOAL• WEIGH PRODUCTION 05 

177•200000) C 

--- --- ------ - . RCID-UC--T-l-ON--0-9---- . --------------- ---··----- ----·-----·- -----~-~--- -- ---·----··- ·------ --·-· - - -

succE..ED WEIGH 
MOVE PO[ 2l TOP~[ LEFT] ( 181•800000) 

GO AL = L C ATE HE AV I Es T aR.oD.U.C,I.!.U!L.0.6._ ,,,.. ~-
--G-• A L- 9,..--

7
G"'t ;;-;T R~I;<;:D_;:O;r=f"~~--_,-;-~Ro Du CT ION 1 0 
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APFEIID I X VI 

OTHF.R TRANS ITION MECHANI SMS 

Wha t other mechanisms or processes c a n be posited which 

ma y g overn the child's move ment thr ough the developmental 

sequence? Pia ge t's formulations unfortunately are h i ghly 

g e n eral statements which do not deal with the particular 

mechanisms governing developmental changes or specify the 

c onditions under which they take placeo In this chapter 

I will attempt a brief review of a number of different 

a pproa ch es to the probl em. 

1. Klahr and Wallace 

To und e rstand the trans ition mechanism proposed by 

Klahr and Wallace (1976), we need to have some background 

information of the structure of the human information­

proces s or as conceived by t h em. The ma in unit, of relevance 

to this discussion, is the long-term memory (LTM). The LTM 

consists of a complex list of production rules (as outlined 

in an earlier section). This list can be divided into three 

tiers. The first tier contains the productions and product­

ion systems derived as a result of specific individual 

experiences. Consistencies provided by on-going experience 

are detected and added to the system's LTM, and are geared 

to the s pecific experience of the system. The second tier 

contains a repertoire of problem solving strategies. These 
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productions are much less differentiated than those on the 

first tier, and represent possible modes of reaction in 

situations in which the previous experience of the system 

has not given rise to relevant consistent sequenceso The 

third tier consists of productions and production systems 

which underlie the self-modification capability of the 

information-processor. It comprises the productions 

involved in the processes of detecting consistent sequences 

and rule generation, and is of fundamental importance, )as it 

is the source of cognitive development as a wholeo 

Looking specifically at Tier 3, we can see that Piaget's 

concept of equilibration has been replaced in this approach 

by a production system of a more general and more basic 

nature. Klahr and Wallace (1976) assume the existence of 

certain "innate productions" comparable to Piaget's innate 

"functional kernel" of equilibration. These innate 

productions perform such processes as detecting consisten­

cies and eliminating redundancies. A concrete example of 

this second process is given by Klahr and Wa llace (1976) 
and ls worth reporting as the same basic process has been 

observed by the author. 

Two children aged 11.~ years and 8.5 years both 

succeed on a weight seriation task by using the "Locate 

Heaviest" strategy, in which all the blocks are weighed in 

turn, and the heaviest of each block pair is retained on 

the balance. The child of 11 .4 years takes 16 comparisons 

to construct the series, mainly because he realizes that, 

when one weight which is heavier than all those previously 

weighed is suddenly lighter than the last one, it must b~ 

the second heaviest. The boy of 8o.5 years does not realize 

this, and proceeds to weigh the whole remaining weights 

again, requiring 21 comparisons. Thus a fundamental rule 

preventing redunda nt comp8risons has developed a specific 

~~oduction rule which enables the child to operate more 

efficiently. 

Klahr and Wallace (1973) feel that sequential regular­

tty detection is a fundamental aspect of cognitive develop­

ment, with the knowledge of a series of changes preceding 
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any external knowledge of th!hgs. Klahr and Wallace point 

out that their concepts hBve yet to be verified, but the 

ideas have sufficient within them to be expressible, 

eventually, in fairly concrete terms, possibly in the form 

of a running computer program. 

This brief presentation of Klahr and Wallace's approach 

also helps to show the powerfulness of the concept of a 

production system, which could be extended down to the basis 

of intellectual development itself. 

2. Pascual-Leone 

Pascual-Leone {Pascual-Leone & Smith, 1969; Pascual­

Leone, 1970) outlines his belief that the child as a 

psychological system has three basic components: a repErtoire 

(H) of behavioral units, a central computing space (M), and 

a number of organizational laws. He describes the repertoire 

(H) as containing schemes (or "plans of action" (Pascual­

Leone & Smith, 1969, p.329)) outlined in S-R terminology as 

an ordered pair of implicit responses (e.g. s,r), or as an 

ordered triplet, ( s, r, s' ) (Tolman, 1959) • The schemes are 

recursive and hence very powerful. He states: 'A super­

ordinate scheme or superscheme is analogous to a computer 

program which uses subroutines (i.e. subordinate schemes or 

subschemes) which are stored elsewhere in the subject 1 s 

memory or repertoire H (eogo Reitman, 1965)' (Pascual~Leone, 

1970, p.306). It is easy to see that this concept is 

closely analogous to the idea of a production system stored 

in LTM, which has been outlined in earlier sections. 

However the important aspect of Pascual-Leone's work 

is with his concept of a central processor M. The size of 

M increases in a lawful manner as development proceeds. 
1The general structural characteristics of the piagetian 

stages would then be interpretable as qualitative manifest­

ations of this internal computing system or M operator' 

(Pascual-Leone, 1970, p.JO!d. He makes a distinction 

between the S 1 s maximum capacity (structural M - Ms) and his 

functional M (Mf), or the amount of Ms space actually used. 

Mf' can vary from zero to M
8

, depending on the influence of 
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a large number of factors, such as the degree of fatigue, 

the degree of arousal, and various individual difference 

variables such as Witkin 1 s field-dependence-independence 

(Witkin et al, 1962). 
The computing space M transforms and coordinates the 

information initially available to the psychological 

system. The maximum number of schemes that M can attend to 

or integrate in a single act is assumed to increase as a 

function of age, and can be considered as a quantitative 

characteristic of each developmental stage. Pascual-

Leone feels that such a concept can be integrated with 

Miller's (1956) "magical number seven" to indicate the upper 

limit of t h e adult's computing s pace M. 

A particul8rly useful aspect of Pascua l-Leone's 

theoretical work is the fact that it includes as a ma jor 

feature a cognitive-developmental variable which could not 

be handled by any other information-processing models 

available. He ties his conce p t back to Piaget's expression 

"field of equilibrium" (Piaget, 1956 in Pascual-Leone, 

1970). Th is can be seen as an important development of 

this Piagetian concept which creates a further link between 

Piaget's work and the various i nformation-processing models 

developing to explain it. 
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