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Mapping between functional taxonomies
Taxonomies of function

- Verbs for representing functions of artifacts  
- e.g., òto separateó, òto convertó

ʽFunctional Basis (FB)   by Missouri 
University of Science and Technology, 
University of Texasand NIST, USA [Hirtz 02]

ʽFOCUS/Tx  by the authors (Osaka 
University, Japan) [Kitamura 02]

òManual deep mappingó
- Not automatic mapping

- For bridging deep ontological gaps

- Scalability:the small number of the terms 
of those taxonomies cover wide-range of artifacts and
then can represent large-scale functional knowledge.

Successful mapping results and their analysis
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Overview(2)
Application: semantic search for technical documents

Function-taxonomy based annotation

Interoperable search based on the mappings
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Functional basis (FB)

Development
By Missouri University of 
Science and Technology, 
University of Texasand 
NIST, USA

Based on the expertise of 
mechanical engineering

Shallow hierarchy
3 levels

Ambiguous definitions
in natural language

Widely used by researchers
Design repository [NIST]

Semantic Web [Kopena03]

A Portion of Functional basis Table1. A Portion of ReconciledFunctional Basis [Hirtz 02]

Class
(Primary)

Secondary Tertiary Correspondents

Branch
Separate Isolate, sever, disjoin

Divide Detach, isolate, release, 

sort ...Extract purify ....

Remove Cut, drill, la the, polish, 

sandDistribute sperse ...

Channel
Import Form entrance, allow, 

input ...Export

empty ...Transfer

Transport Advance, lift, move

Transmit Conduct, convey

Guide Di rect, shift, steer, 

straighten ..Translate

Rotate Spin, turn

Allow 

DOF

Constrain, unfasten, 

unlockConnect
Couple Associate, connect

Join Assemble, fasten

Link Attach

Mix Add, blend, coalesce, 
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No output
Input only

At least on
output operand

Outputop.
Makeop. existent

Function

Change / Affectop. 

Receiveop.

StoreConsume Supply op.

Change/affect

magnitude

Hold
magnitude

Convert

Convert
type

Convert
kind

Measure
Change internal

attribute

Solidify

VaporizeLiquefy

Change 

phase

Change 
volume

Change
temp.

Change
pressure

Change
humidity

Change
direction

Change
hardness/
temper

Hold vol.

Contract

Expand vol.
Change
density

Moveop.

Move

down
Move 

up

Decrease
magnitude

Increase
magnitude

Deformop

Change

space
Change

area

Change

length

Change

curve

Change

dip/bump

Supply(2) op.Generate op.

Necessity of op. No Need Need

Change / affectrelationship

between/among operands
Change / Affect

attributeof an op.

Maintain

position

Input and Output No input
output only

Control
magnitude

Maintain
magnitude

Control vol.

Maintain vol.
Change

surface

Move(2)

Flow

fluid

Move(3)

Solid obj.

Support

(hold position)

Control

position

Object 

(material) 

only

Convert
object type

Convert
energy type

Convert
motion type

Convert
force type

Convert
info. type

Input
operand

Criterion for 

categorization 

value for 

the category 

Focused
output

operand

Control HoldMake

Func

type.

FOCUS/Tx Ontology
Strict definitions of functions from the device-oriented 
viewpoint

Deep hierarchy (Max 9 levels)

Base-functions : 89, Meta-functions : 12,  Func-type : 3

Successful deployment in industry [Kitamura 04, 06]
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Research issue in the mappings
Ontological gaps

The differences are not only terminological but also ontological.

- Because some functions are based on different conceptualizations.

Deep cause: the lack of clear understanding of òfunctionó

Much research [de Kleer 84, Pahl88, Chittaro93, Chandrasekaran 93, 

00, Hubka88, 01, Perlman 04, Stone 05]has been done.

Our second goal

- Contribution to accounting for the notion of function by comparing 
those taxonomies.

òhow to achive itó

òwhat to achieveó

òLinkó in Functional Basis is defined as

òTo couple flows together ò

òby means of an intermediary flow.ó 

òCombineó in FOCUS/Tx is defined as òto 

bring two operands into an operand.ó 

òwhat to achieveómapping

�¹
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