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OverviewOverview

�� The Computer Science CaseThe Computer Science Case
�� languages at different levelslanguages at different levels
�� reduction relationsreduction relations

�� Higher-level ExplanationHigher-level Explanation
�� Jackson & Pettit, Dennett, BickleJackson & Pettit, Dennett, Bickle

�� The Use of Description Levels in ComputerThe Use of Description Levels in Computer
Science PracticeScience Practice

�� Pragmatic Choices on the use ofPragmatic Choices on the use of
(Anti)Reduction in Practice(Anti)Reduction in Practice
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The Computer Science Case:The Computer Science Case:
Description Levels for DynamicsDescription Levels for Dynamics
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�� Each of these languages has its own way ofEach of these languages has its own way of
referringreferring to process instances or traces in the to process instances or traces in the
world, which allows empirical world, which allows empirical validationvalidation of a of a
description.description.

�� Moreover, this relationship between descriptionsMoreover, this relationship between descriptions
and actual process instances is formalised in theand actual process instances is formalised in the
semanticssemantics of such a language. of such a language.

�� This picture shows that the different languageThis picture shows that the different language
levels have an levels have an independent and autonomousindependent and autonomous
status; they do not depend on each other.status; they do not depend on each other.

Independent SemanticsIndependent Semantics
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�� Well-defined Well-defined interlevel relationshipsinterlevel relationships between between
descriptions in the different languages existdescriptions in the different languages exist

�� When translating a higher-level description intoWhen translating a higher-level description into
a lower-level description, a lower-level description, different translationsdifferent translations
can be made that have exactly the same effect.can be made that have exactly the same effect.

�� Therefore every description level is Therefore every description level is multiplymultiply
realizablerealizable in lower levels. in lower levels.

Multiple Realisation RelationsMultiple Realisation Relations
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Machine language can be used to define stateMachine language can be used to define state
transitions, where the states are the physical statestransitions, where the states are the physical states
of a computer, usually represented by bit strings; forof a computer, usually represented by bit strings; for
example:example:
  

10010110  00110101  1110101110010110  00110101  11101011

Lowest Level: StatesLowest Level: States

Language describes transitions step-by-step.Language describes transitions step-by-step.
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Lowest Level: TracesLowest Level: Traces
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00010000 0 0 0 0 00000000 00000011000000
00

00100000 0 0 0 0 00000000 00000011000000
01

00100000 0 0 0 0 00100000 00000011000001
00

01000000 0 0 0 0 00100000 00000011000001
01

10000000 0 0 0 0 00100000 00000011000001
10

10000000 0 0 0 0 00100000 00000011000001
11

10100000 0 0 0 0 00100000 00000011000010
10

timetime
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Values assigned to own chosen variable names:Values assigned to own chosen variable names:
v[2] : v[2] : ““AthensAthens””

v[3] : v[3] : ““ParisParis””

v[4] : v[4] : ““AmsterdamAmsterdam””

v[5] : v[5] : ““LondonLondon””

i : 3i : 3

j : 4j : 4

temp : temp : ““ParisParis””

Structured Programming Level: StatesStructured Programming Level: States
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v[2] : v[2] : ““AthensAthens””
v[3] : v[3] : ““ParisParis””
v[4] : v[4] : ““AmsterdamAmsterdam””
v[5] : v[5] : ““LondonLondon””
i : 3i : 3
j : 4j : 4
temp : temp : ““ParisParis””

============== transition============== transition

v[2] : v[2] : ““AthensAthens””
v[3] : v[3] : ““AmsterdamAmsterdam””
v[4] : v[4] : ““AmsterdamAmsterdam””
v[5] : v[5] : ““LondonLondon””
i : 3i : 3
j : 4j : 4
temp : temp : ““ParisParis””

Structured Programming Level: TracesStructured Programming Level: Traces

Language describesLanguage describes
sequences of transitionssequences of transitions
as a whole.as a whole.
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Component-based DesignComponent-based Design
Language Level: TraceLanguage Level: Trace

timetime component statecomponent state

11 OE:  observation_result(car_starts, neg)OE:  observation_result(car_starts, neg)

22 HD:  assumed(battery_empty, pos)HD:  assumed(battery_empty, pos)

33 OD:  predicted(lights_work), neg)OD:  predicted(lights_work), neg)

44 OE:  to_be_observed(lights_work)OE:  to_be_observed(lights_work)

55 OE:  observation_result(light_works, pos)OE:  observation_result(light_works, pos)

66 HE:  rejected(battery_empty, pos)HE:  rejected(battery_empty, pos)

77 HD:  assumed(battery_empty, neg)HD:  assumed(battery_empty, neg)

LanguageLanguage
describesdescribes
temporal relationstemporal relations
between states;between states;
e.g., as ine.g., as in
functional rolefunctional role
descriptionsdescriptions
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Jackson and Pettit:Jackson and Pettit:
Program Explanation (1)Program Explanation (1)

A notion of higher-level explanation, meant forA notion of higher-level explanation, meant for
special sciences such as Biology, Cognitive Sciencespecial sciences such as Biology, Cognitive Science
and Social Sciences.and Social Sciences.
For higher-level properties For higher-level properties FF and  and GG,,

GG occurred because  occurred because FF occurred occurred
can be an adequate explanation in the followingcan be an adequate explanation in the following
way:way:

FF ensures ( ensures (‘‘programs forprograms for’’) some lower-level) some lower-level
property property PP, which causes a lower-level property, which causes a lower-level property
QQ for which  for which GG is a higher-level description is a higher-level description..
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Jackson and Pettit:Jackson and Pettit:
Program Explanation (2)Program Explanation (2)

For example, the questionFor example, the question
Why was the vase breaking ?Why was the vase breaking ?

can be answered by:can be answered by:
Because it was fragile.Because it was fragile.

Here the higher-level property of Here the higher-level property of being fragilebeing fragile
ensures or programs for the lower-level property ofensures or programs for the lower-level property of
having a specific type of molecular structure.having a specific type of molecular structure.
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‘‘According to (Lewis, 1988), to explain something is toAccording to (Lewis, 1988), to explain something is to
provide information on its causal history . . . A programprovide information on its causal history . . . A program
explanation provides a different sort of information . . . Aexplanation provides a different sort of information . . . A
program account tells us what the history might have been.program account tells us what the history might have been.
It gives modal information about the history, telling us forIt gives modal information about the history, telling us for
example that in any relevantly similar situation, as in theexample that in any relevantly similar situation, as in the
original situation itself, the fact that some atoms areoriginal situation itself, the fact that some atoms are
decaying means that there will be a property realized - thatdecaying means that there will be a property realized - that
involving the decay of such and such particular atoms -involving the decay of such and such particular atoms -
which is sufficient in the circumstances to produce radiation.which is sufficient in the circumstances to produce radiation.
In the actual world it was this, that and the other atomIn the actual world it was this, that and the other atom
which decayed and led to radiation, but in possible worldswhich decayed and led to radiation, but in possible worlds
where their place is taken by other atoms, the radiation stillwhere their place is taken by other atoms, the radiation still
occurs.occurs.  ’’ (Jackson and Pettit, 1990), p. 117 (Jackson and Pettit, 1990), p. 117

Jackson and Pettit:Jackson and Pettit:
Program Explanation (3)Program Explanation (3)

‘‘According to (Lewis, 1988), to explain something is toAccording to (Lewis, 1988), to explain something is to
provide information on its causal history . . . A programprovide information on its causal history . . . A program
explanation provides a different sort of information . . . Aexplanation provides a different sort of information . . . A
program account tells us what the history program account tells us what the history might might have been.have been.
It gives It gives modal informationmodal information about the history, telling us for about the history, telling us for
example that example that in any relevantly similar situationin any relevantly similar situation, as in the, as in the
original situation itself, the fact that some atoms areoriginal situation itself, the fact that some atoms are
decaying means that there will be a property decaying means that there will be a property realizedrealized - that - that
involving the decay of such and such particular atoms -involving the decay of such and such particular atoms -
which is sufficient in the circumstances to produce radiation.which is sufficient in the circumstances to produce radiation.
In the actual worldIn the actual world it was this, that and the other atom it was this, that and the other atom
which decayed and led to radiation, but which decayed and led to radiation, but in possible worldsin possible worlds
where their place is taken by other atoms, the radiation stillwhere their place is taken by other atoms, the radiation still
occurs.occurs.  ’’ (Jackson and Pettit, 1990), p. 117 (Jackson and Pettit, 1990), p. 117
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DennettDennett

‘‘Predicting that someone will duck if you throw a brickPredicting that someone will duck if you throw a brick
at him is easy from the folk-psychological stance; it isat him is easy from the folk-psychological stance; it is
and will always be intractable if you have to trace theand will always be intractable if you have to trace the
protons from brick to eyeball, the neurotransmittersprotons from brick to eyeball, the neurotransmitters
from optic nerve to motor nerve, and so forth.from optic nerve to motor nerve, and so forth.  ’’
(Dennett, 1991), p. 42(Dennett, 1991), p. 42

‘‘Predicting that someone will duck if you throw a brickPredicting that someone will duck if you throw a brick
at him is easy from the folk-psychological stance; it isat him is easy from the folk-psychological stance; it is
and will always be and will always be intractable intractable if you have to trace theif you have to trace the
protons from brick to eyeball, the neurotransmittersprotons from brick to eyeball, the neurotransmitters
from optic nerve to motor nerve, and so forth.from optic nerve to motor nerve, and so forth.  ’’
(Dennett, 1991), p. 42(Dennett, 1991), p. 42
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BickleBickle

‘‘Of course, the functional profiles assigned to cognitiveOf course, the functional profiles assigned to cognitive
states on Hawkin and Kandel's neurobiological account arestates on Hawkin and Kandel's neurobiological account are
much more fine-grained and detailed, for that accountmuch more fine-grained and detailed, for that account
recognizes distinctions and connections that folkrecognizes distinctions and connections that folk
psychology either lumps together or leaves extremelypsychology either lumps together or leaves extremely
vague . . .vague . . .
Here again, however, we can expect that injection of someHere again, however, we can expect that injection of some
neurobiological details back into folk psychology wouldneurobiological details back into folk psychology would
fruitfully enrich the latter, and thus allow development of afruitfully enrich the latter, and thus allow development of a
more fine-grained folk-psychological account that bettermore fine-grained folk-psychological account that better
matches the detailed functional profiles that neurobiologymatches the detailed functional profiles that neurobiology
assigns to its representational states.assigns to its representational states.’’
(Bickle, 1998), p. 207-208(Bickle, 1998), p. 207-208

‘‘Of course, the functional profiles assigned to cognitiveOf course, the functional profiles assigned to cognitive
states on Hawkin and Kandel's neurobiological account arestates on Hawkin and Kandel's neurobiological account are
much more fine-grained and detailed, for that accountmuch more fine-grained and detailed, for that account
recognizes distinctions and connections that folkrecognizes distinctions and connections that folk
psychology either lumps together or leaves extremelypsychology either lumps together or leaves extremely
vague . . .vague . . .
Here again, however, we can expect that injection of someHere again, however, we can expect that injection of some
neurobiological details back into folk psychology wouldneurobiological details back into folk psychology would
fruitfully fruitfully enrichenrich the latter, and thus allow development of a the latter, and thus allow development of a
more fine-grained folk-psychological accountmore fine-grained folk-psychological account that better that better
matches the detailed functional profiles that neurobiologymatches the detailed functional profiles that neurobiology
assigns to its representational states.assigns to its representational states.’’
(Bickle, 1998), p. 207-208(Bickle, 1998), p. 207-208
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Description Languages inDescription Languages in
Computer ScienceComputer Science

�� A description at one level is A description at one level is multiply realizablemultiply realizable
in several possible lower-level descriptions.in several possible lower-level descriptions.

�� Depending on Depending on a specific contexta specific context (a specific (a specific
implementation environment chosen), aimplementation environment chosen), a
description at a higher level can be translateddescription at a higher level can be translated
into a specific description at a lower level in aninto a specific description at a lower level in an
automatic manner (automatic manner (local reduction relationlocal reduction relation).).

�� Each level of description can be used to Each level of description can be used to explainexplain
a particular behaviour.a particular behaviour.
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Description Languages inDescription Languages in
Computer ScienceComputer Science

�� In practice, explanations are considered In practice, explanations are considered moremore
valuablevaluable when expressed in terms of a  when expressed in terms of a higherhigher
levellevel of description. of description.

�� Due to the fact that reductions to lower levelsDue to the fact that reductions to lower levels
can be completely automated, the programmercan be completely automated, the programmer
need need not have any knowledge of the lowernot have any knowledge of the lower
levelslevels..
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�� To increase the To increase the scope of applicabilityscope of applicability, the, the
distance between the relevant complex physicaldistance between the relevant complex physical
processes and the conceptual descriptions ofprocesses and the conceptual descriptions of
them has been increased.them has been increased.

�� The success of this strategy was only possibleThe success of this strategy was only possible
because of the development of high-levelbecause of the development of high-level
modelling languages and supporting softwaremodelling languages and supporting software
environments that enabled environments that enabled practitionerspractitioners to work to work
on a on a high level of descriptionhigh level of description without the need of without the need of
technical expertise of the lower-level languages.technical expertise of the lower-level languages.

Description Languages inDescription Languages in
Computer ScienceComputer Science
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Two Perspectives on ReductionTwo Perspectives on Reduction

��  ReductionReduction  in a structural sensein a structural sense
(i.e., a(i.e., a  reduction relationreduction relation, already established or, already established or
being established, between two theories andbeing established, between two theories and
their ontologies and laws)their ontologies and laws)

��  The The pragmaticspragmatics  related to reductionrelated to reduction
(i.e., the(i.e., the  useuse  of an existing or to be achievedof an existing or to be achieved
reduction relation in scientific practice).reduction relation in scientific practice).
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Why Actually Reduce Higher-levelWhy Actually Reduce Higher-level
Descriptions to Lower-level DescriptionsDescriptions to Lower-level Descriptions

ontological simplification: less terms toontological simplification: less terms to
describe phenomena in the worlddescribe phenomena in the world

less assumptions on the worldless assumptions on the world

more insight in underlying lower levelmore insight in underlying lower level
mechanisms for higher level phenomenamechanisms for higher level phenomena

empirical test possibilities at the lower levelempirical test possibilities at the lower level

abstraction principles have to be developedabstraction principles have to be developed
within lower-level theorywithin lower-level theory

context and scope of application narrowedcontext and scope of application narrowed
down to the context of the local reductiondown to the context of the local reduction

ontologyontology

assumptionsassumptions

insightinsight

validityvalidity

transparencytransparency

genericitygenericity
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Why Use Higher-level Descriptions inWhy Use Higher-level Descriptions in
Addition to Lower-level DescriptionsAddition to Lower-level Descriptions

ontologyontology

assumptionsassumptions

insightinsight

validityvalidity

transparencytransparency

genericitygenericity

additional ontologies to improve understandingadditional ontologies to improve understanding

assumptions on the world made moreassumptions on the world made more
understandableunderstandable

more insight from a conceptually higher levelmore insight from a conceptually higher level
perspectiveperspective

possibilities for verification and validation atpossibilities for verification and validation at
different levelsdifferent levels

analysis and design of more complex systemsanalysis and design of more complex systems
possiblepossible

wider scope of applicationwider scope of application
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Multiple Realisation Problem (1)Multiple Realisation Problem (1)

Suppose Suppose PP11, , PP22, , …… are realizers of  are realizers of MM..
Then for each i it holds:    x has Then for each i it holds:    x has PPii  →→ x has  x has MM..

For example, C-fiber activation (For example, C-fiber activation (PP33) implies pain () implies pain (MM).).
However, would the converseHowever, would the converse

x has x has MM  →→ x has  x has PP33

be valid ?be valid ?
The answer is The answer is ‘‘nono’’: it may be the case that : it may be the case that MM is is
realised by another realised by another PPii..
So, for no i can we have a biconditional law of theSo, for no i can we have a biconditional law of the
form  x has form  x has PPii iff x has  iff x has MM;;  no identity no identity PPii =  = MM..
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Multiple Realisation Problem (2)Multiple Realisation Problem (2)

A remaining possibility is a bridge law of the form:A remaining possibility is a bridge law of the form:
  PP11  or or PP22 or  or ……....    iff      iff  MM..
However, such an (unbounded) disjunction is notHowever, such an (unbounded) disjunction is not
considered a legitimate property that can beconsidered a legitimate property that can be
expressed in the lower-level language.expressed in the lower-level language.

Consider, for example, neurological properties ofConsider, for example, neurological properties of
dogs and electro-magnetical properties of robots indogs and electro-magnetical properties of robots in
one disjunction.one disjunction.
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Supervenience RelationsSupervenience Relations

�� A notion A notion weakerweaker than reduction is needed. than reduction is needed.
�� Higher level properties are still Higher level properties are still dependentdependent on or on or

determineddetermined by lower level properties. by lower level properties.
�� How ? How ? SupervenienceSupervenience..
�� Higher level properties Higher level properties supervene oversupervene over lower lower

level properties.level properties.
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Sculpture ExampleSculpture Example

�� Aesthetic properties of a sculpture Aesthetic properties of a sculpture supervenesupervene over over
its physical properties.its physical properties.

�� Physically indiscernable, then aestheticallyPhysically indiscernable, then aesthetically
indiscernable.indiscernable.

�� Same physicalSame physical properties, then  properties, then same value as artsame value as art..
�� Determination or dependence Determination or dependence withoutwithout reduction. reduction.
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Promise of SuperveniencePromise of Supervenience

�� AA non-reductionist dependence relation non-reductionist dependence relation, as a, as a
basis for nonreductionist physicalism.basis for nonreductionist physicalism.

�� Consistent with Consistent with bothboth reductionism and reductionism and
antireductionism (neither one is implied)antireductionism (neither one is implied)
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Supervenience PhysicalismSupervenience Physicalism

If something has mental property If something has mental property MM, it has a, it has a
physical property physical property PP such that necessarily if such that necessarily if
anything has anything has PP, it has , it has MM..
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Local Reductions (1)Local Reductions (1)

If global reduction is asked too much, then with a bitIf global reduction is asked too much, then with a bit
less ambition: assume less ambition: assume context-specific reductioncontext-specific reduction..

The idea is, starting from supervenience, to identifyThe idea is, starting from supervenience, to identify
for each realizer for each realizer PP for  for M M in which context it occurs asin which context it occurs as
a realiser.a realiser.
This context is characterised as a structure This context is characterised as a structure SS..
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Local Reductions (2)Local Reductions (2)

Structure-restricted bridge lawsStructure-restricted bridge laws::
If If PP is a realizer of mental property  is a realizer of mental property MM in organisms or in organisms or
structures of type structures of type SS, then the following holds as a, then the following holds as a
matter of law.matter of law.

If anything is a structure of type If anything is a structure of type SS, then, then
at any point in time it holdsat any point in time it holds

SS has  has MM iff  iff SS has  has P   P   (shorter (shorter SS  →→ ( (M M ↔↔  PP))))
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Local Reductions (3)Local Reductions (3)

Local reduction makes the multiple realisationLocal reduction makes the multiple realisation
argument against reduction argument against reduction without powerwithout power..
Perhaps this is Perhaps this is all the reduction we needall the reduction we need or could or could
want; want; humanhuman psychology can be reduced to  psychology can be reduced to humanhuman
neurophysiology. neurophysiology. See Computer ScienceSee Computer Science..
If If LL is a psychological law, such a reduction would is a psychological law, such a reduction would
tell us how it can be derived from laws of humantell us how it can be derived from laws of human
neurophysiology in conjunction with the restrictedneurophysiology in conjunction with the restricted
bridge laws.bridge laws.
It would tell us how It would tell us how psychology is biologicallypsychology is biologically
implementedimplemented in human organisms. in human organisms.
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Local Reductions (4)Local Reductions (4)

Does this Does this decomposedecompose  Cognitive ScienceCognitive Science into a into a
number of species-specific areas ?number of species-specific areas ?
The instances of The instances of MM are  are partitionedpartitioned into one group for into one group for
each species. Within one group, the realizers (say each species. Within one group, the realizers (say PP33))
have similar causal power.have similar causal power.
However, realizers (say However, realizers (say PP33 and  and PP55) of instances in) of instances in
different groups will have different causal powers.different groups will have different causal powers.
Does this undermine that Does this undermine that MM is one scientific kind ? is one scientific kind ?
It seems that It seems that MM is also decomposed into more is also decomposed into more
homogeneous properties per species.homogeneous properties per species.
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Objections ?Objections ?

Multiple realizability goes deeper:Multiple realizability goes deeper:
�� also also within one single specieswithin one single species
�� maybe even maybe even within one organismwithin one organism over time over time

However, still However, still sufficiently similarsufficiently similar ? ?
No precise and exceptionless laws in CognitiveNo precise and exceptionless laws in Cognitive
Science can be expected ?Science can be expected ?
The success of a unitary Cognitive ScienceThe success of a unitary Cognitive Science
depends on how similar the neurobiology ofdepends on how similar the neurobiology of
different humans is.different humans is.


