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General Introduction to ASSIST

Design Processes
A simple model of a design process consists oféses:

item generation (olidea generatioror concept generation
selection
detailing

Schematically, these phases can be depicted as

number of
items

time

ASSIST

In the item generation phase, it is essential @ateras many as possible ideas (hence the
colour green: this relates to creativity), andicisim is absolutely forbidden (hence the colour
yellow: this relates to optimism).

In the selection phase, initial ideas are criticaBsessed (hence the colour black: this relates
to pessimism or constructive negativism), wheriegd should formulated to make intuition
more explicit (hence the colour red: this relatestuition). The large collection of ideas

from the item generation phase needs to be brdaagtkt to the very few very best.

In the detailing phase, the few remaining itemscas in the form of (mathematical) models
(hence the colour blue: this relates to systenthtnking) and factual information is brought
in to help making realistic estimates for crucighensions in the item-to-be-realized (hence
the colour white: this relates to objective facts).



The tool-stack ASSIST contains a number of instmsiéo facilitate the first two phases; for
support in the detailing phase, the tool microA¢sek elsewhere) may be used.

The instruments in ASSIST

ASSIST is an acronym foASSISTSupportsSystematicl nnovation by means &oftware
Tooling. The instruments currently available in ASBlare the following:

File 1/O: create a new project which is initialljnpty, or load an existing project from
an earlier session, or write the current projediaokground storage for future
processing

Build Inspirators: bring in domain-specific knowtgglto drive a grammar-based
system to proposes inspiring suggestions

Inspire: create new items, either from scratclinegitis a result of an inspiring
suggestion, or either as a result of systematig,ceenbination of values for
classifiers

Build Classifiers: develop an ontology where tleens are described in terms of
distinguishing classifiers

Classify: given the ontology, label each item wiik relevant values for each of the
classifiers

Build Ranking System: input attributes that aredu assess the quality of items,
and state rules to express that values of cetiimsi are better with respect to some
attribute than others

Rank: perform the ranking of the items in terms$haf ranking attributes

Auto Weights: given the ranking values for a numtfetems, and given their total
guality-scores, automatically calculate (approxepateights that can be used to
express differences in importance for various naglattributes

Cluster and visualise: aid the interpretation ef phesent set of items, their
classification and their attribute-ranking by meahstuitive visualisation.

In the sequel, each of the tools is described failde
How to get started

ASSIST is implemented as a series of interactiven$y each form representing one of the
tools. The forms allow processing of a number bfds (including a table of items with their
classification and their ranking, and a table ciombg the inspiration grammar). These tables
are stored in MS-EXCEL worksheets, one table peesiThey can be inspected, and some of
the information in the tables is visualized by meahMS-EXCEL graphs. The contents of

the worksheets should never be edited or manigltétectly, however: the only access of

the information in the tables goes via the forms.

The worksheets that need to exist for ASSIST are:

Items — this contains the table of items, togethi#r the classification and the ranking
Inspire — contains the grammatical structures éled terminals and non-terminals)
that are used to form the inspiring suggestions

Results — for displaying the numerical values rmteof EXCEL-graphs



A menu, namedssistgives access to the forms. At any time, at mostform is open. If a
tool is selected from thassistmenu, the associated form is presented, and kinard
worksheet is selected and made visible (eithemiteor "Inspire” — the "Results"-sheet is
only kept for internal processing). In order togast another worksheet, the form first should
be closed. Since the entire project is realiseahdslS-EXCEL workbook, it can be saved,
opened, and renamed just as any other MS-EXCELrdenti Projects and sets of
inspiration-grammar-rules are stored as text fikgt) the extensions ".amf' (for Assist Model
File), and ".igf' ( for Inspiration Grammar Fil&lthough all processing takes place via the
various forms of ASSIST, these files can be opdneany regular text editor. Modification
of these fileoutsideASSIST may jeopardize their integrity, though, efhcan cause
ASSIST to fail.

Theassistmenu is added to the standard MS-EXCEL menus (gsftle, edit, view, .).
Upon opening an ASSIST-application it appears aatarally on the EXCEL menu bar;
further, the ASSIST file I/O form is opened, sirm@eASSIST session typically starts with
reading in a previous project or defining a newjgebfrom scratch.



FILE

General introduction

A new project starts by activating the initialiser€tion. This clears all the required
worksheets. In order to prevent valuable informrafrom a previous run to get lost, the user
is asked to confirm clearing the worksheets. Aglas one or more of the worksheets of a
previous session is not cleared, however, ASSISYy moafunction properly. For a consistent
session, it is important that all worksheets aeardd.

Manual

The form looks as follows:

ASSIST: file manager

name =C: W SIMNKVO Wwerk\assist\traffic.amf
nr. items =13

nr. dassifiers =9

nr. attributes =4

nr. rank rules =37

nr. reserve items=0

current status

] |

save file SEVE 885 ...

Figure 1

screenshot of the File I/O-form

Controls

Open file

This opens a standard MS-Windows file browser wialbbws to navigate the file system and
to select an existing '.amf'-file to be read incéise an unsaved project exists, the user is
asked first if this project should be saved.

Current status



This text field gives the information of the curtlgropened project: its title (=the name of the
file on disk, including the full path), the numhsritems, the number of classifiers, the
number of attributes, the number of ranking rutese(below), and the number of reserve
items (see below).

New

In order to start a new project, the Nbwtton should be clicked. If an unsaved projecstex
the user is asked if this should be saved first.

Save file

In order to save the current project under itsentrname, the Save filbutton should be
clicked. This replaces the existing file with therent name by the current contents of the
project.

Save as ...

In order to save the current project under a nawajahe Save as.button should be clicked.
This pops up a standard MS-Windows file browserchlallows the user to navigate the file
system and to select an existing filename or te tgm new name. If an existing file is given,
ASSIST asks for confirmation first.



Build Inspirator
General introduction

Items can be entered into the ASSIST-system inobtieree possible ways: either as idea-
from-scratch; either as inspired by a suggestiahithproposed by ASSIST, or as a new
combination of classifier values (to be explainaet). The ‘inspiring suggestions' that are
produced by ASSIST result from a grammar with dtedaerminals and non-terminals.
Terminals are words or expressions in a partiataéegory, that can be substituted for each
other; this category proper is identified by a nemminal. For example: in order to make
expressions such as 'dark green’, 'light redfwiaglbetween orange and brown’, et cetera, we
can make a grammar starting from non-termlourExpression> . To produce

actual colour expressions, we can substitute vamoyressions for this non-terminal. These
expressions are calléerminals Examples are:

(1) purple

(2) <basicColour>

(3) <maodifier> <basicColour>

(4) halfway between (<colourExpression>) and (<colo urExpression>)

In this case, the non-terminatolourExpression> comes with a list of 4 terminals, and
three of them contain further non-terminals. Exa() allows<colourExpression>

simply to be replaced by the wagodrple . In example (2), thecolourExpression>

is replaced by another non-terminal, namddasicColour>. Suppose that for the non-
terminal<basicColour> we would have the terminals

red
green
yellow
white

then by means of the substitutionsolourExpression> ® <basicColour> ®
red, the final result could be "red". The last stephade substitutions is called a
resolution a non-terminal is substituted by an expressioitivbontains no further non-
terminals. If the non-terminamodifier>  would be given a list of expressions like

dark
bright
transparent,

then example (3) could produce "bright yellow" the substitutions

<colourExpression> ® <modifier><basicColour> ® bright yellow.

Finally, example (4) is a very powerful productiate. A possible chain of substitutions, for
instance, could becolourExpression> ® halfway between

(<colourExpression>) and (<colourExpression>) ® halfway

between (<basicColour>) and (halfway between

(<colourExpression>) and (<colourExpression>)) ® halfway

! In the theory of grammars, the word ‘terminateiserved for expressions that contain no non-tedsiitwe are
a little bit sloppy in this respect: we say tha¢wvproduction rule is of the form <non-termin&><terminal>,
where <terminal> may contain further non-terminals.



between (red) and (halfway between (<modifier><basi cColour>)

and (purple)) ® halfway between (red) and (halfway between
(dark green) and (purple)).

We see that by providing suitable terminals andteominals, arbitrary complicated
constructions can be obtained. Every time wherusieg clicks the button ask inspiring
questionin the Inspire-form (see below), a chain of subsbtns is performed, starting from
the non-terminakinspiration>. Which substitutions occur is determined by chaace:
random production rule is selected from the lishwdilable terminals for any non-resolved
non-terminal. It is possible that a non-terminas ha list of associated terminals; in that case,
the non-terminal cannot be resolved, and an expres$ the form < ...> will appear in the
final result.

In ASSIST, there is one non-terminal ‘hard-codeid the system. This is the non-terminal
<inspiration>. All further terminals and non-terminals need tagbeen by the user,
since they will be different from project to prdjec

Manual

The form looks as follows:

ASSIST: inspiration manager

inspiration
- -

e | |
add non-terminal delete non-terminal add terminal delete terminal
read inspiration write inspiration
arammar arammar

current file: Cy\WSINENVO Wwerk\assist\traffic.amf

Figure 2

screenshot of the Inspiration Manager-form



Controls

the left selection listcontains the present collection of non-terminklan item of the list is
selected (by means of a pull-down menu, obtainedibling the down-arrow button right
from the list), the associated terminals apped#néright selection list. The selected non-
terminal appears in the textbox. (It cannot beeetjithough: it can only be deleted.)

the right selection listontains the collection of terminals associatethéopresently selected
non-terminal in the left selection list. One ofthean be selected, in order to be deleted (by
clicking the_delete terminddutton, see below).

add non-terminal In order to add a non-terminal, the text boxhef keft selection list needs

to be emptied (select the string in the textbox tgpd 'del', or just type over it), and a new
string is entered in the textbox. If this strir@ptains one or more sub strings between < ...>,
and these sub-strings do not occur yet as non+tetsithey are interpreted as new non-
terminals, and they are automatically created. Mdrae of a new non-terminal doesn't need to
be put within < ...>.

delete non-terminathe presently selected non-terminal is deletech filoe list. All terminals
that were associated with it are deleted as whk fon-terminakinspiration>, which
forms the starting point of the entire grammamnzd be deleted however.

add terminalthe expression typed into the textbox of thetrggiection list is added as a
terminal for the non-terminal that is presentlyesétd in the left selection list. If this
expression contains a sub string between < ..at dbes not yet occur as non-terminal, it is
automatically created as non-terminal. A termisalt least two characters long.

delete terminalthis deletes the terminal that is presently detem the right selection list. By
clicking the_delete terminddutton, no non-terminals ever will be deleted:ref¢he last
terminal associated to a certain non-terminalnsaeed, this non-terminal remains in the list.

read inspiration grammacompiling a meaningful inspiration grammar cargbée an

amount of work. Therefore, ASSIST allows inspiratgrammars to be saved and restored
for later use. Inspiration grammar files are tébeisfwith extension ".igf". Clicking the read
inspiration grammabutton opens a file dialog to search and selgtfiles. The contents of

the opened .igf-file is merged with he currenthed grammar: non-terminals and terminals are
only added if they do not occur yet.

write inspiration grammathe current inspiration grammar is written tole.fThe user is
asked for a filename (default name is "inspiratjian“the latest filename chosen for writing).
If this filename exists, a warning is issued.




Inspire
General introduction

The list of items is the central ingredient of &kk&SIST system. The Inspire-tool serves to
manage this list. It allows to add and delete itefimsitem is a string, theameof the item.
Further, an item can have an optioo@anmenstring which may contain additional
information. Comments are not used in the ontolmgihe ranking in the ASSIST-system;
they only serve for clarification to the user. I®oan be deleted for good, or they can be
moved to the reserve list. tems on the reservates not taken into account in the ontology,
and they are not ranked, but they can be restdradiader stage. For easier reference, items
are put in the table on the items-worksheet whegg tan be overlooked at a glance.

Manual

The form looks as follows:

ASSIST: inspire

ask inspiring question

item [ item list

>
-
u submit idea ‘: rename
_ produce random item ; move to reserve

_‘|_| ﬂ number of items .
M permanent discard
comment | ‘

comment:

auto prune

reserve list

di ;
M iscard e.ntlre
reserve list

current file: C:\WSINKVOywerk\assist\traffic.amf

Figure 3

screenshot of the Inspire-form



The form consists of roughly three parts. Thepap deals with generating inspiring
suggestions; the middle part allows to input iteargp generate items by new combinations
of classifier-values in the ontology (see below)eTower most part gives control over the
reserve list mechanism.

Controls

ask inspiring questiarclicking this button produces a string in thetb®x for inspiring
suggestionsvhich results from a random chain of substitutiohaon-terminals by terminals,
starting from the non-terminainspiration>, as explained in the manual for the Build
Inspirator-form

textbox for inspiring suggestionsontains the most recent (inspiring) suggesticthe
produced string is too long to be entirely visilyley can click in the textbox and navigate
with the right- and left arrow buttons on the kegtzbto read all of it.

item/item list a combination of textbox and pull-down list. Adidéems are appended to the
tail of the list. Operations such as rename, disoamove to the reserve list apply to the
selected item in the list. The entire contentdheflist can be visualised by clicking on the
down-arrow button right from the text box.

submit ideaan idea is a string typed in the textbox of tleen/item list Clicking the_submit
ideabutton enters this string into the item-list. I§@some text is typed in the _comment
textbox, this text is stored in the comment-fietldhe new item.

renameif there is a selected item in the item/item testt box, clicking on the renanteitton
makes a dialog box appear that allows to type amawe for the item. This is particularly
useful for the automatically generated items, sthese have non-descript names such as
<***> followed by a four-digit random number. Alsa new entry for the comment-field can
optionally be given.

produce random itenif an ontology has been built (that is, if cldiess and classifier values
have been defined, see below), ASSIST can tryrta ftew combinations. If this succeeds
(within 10000 tries), a new item is created with ttame <***><number> where <number>
is a unique four-digit random number. This new itess no comment: ASSIST of course has
no idea what this combination of classifier valuesild amount to. It only serves as a hint for
the user; the user should seek to interpret tluggl) combination of classifier values in terms
of some meaningful idea or concept. It is possieourse, that no new items can be
generated. For instance, if the ontology consis&atassifiers, each with 3 values, no more
than 3 x 3 = 9 distinct items exist. If all thesanbinations already occur in the ontology, no
new individuals can be created. In that case, aagespops up "no new item could be
generated”. An other situation could theoreticattgur if there are very many classifiers,
possibly with many different values, andgexrylong list of items in the ontology, that new
combinations theoretically exist, but the appliehfilomised) heuristic doesn't succeed to
find any new one. It is questionable, though, (fiaman) user would be able to make sense of
this extremely large pool of ideas ...

slider number of items<licking the button produce random itday default produces one new
item; with this slider, however, we can ask foresaV (>1) new items at once. All these items,




if possible, will be subjected to automatic rank{sge the mechanism for auto-ranking,
described below)

move to reserveclicking this button moves the selected itemhi® teserve list. This is
typically done for items that correspond to iddws produce a very low ranking, or that fall
below the Pareto front. Items that were automdyicgnerated by ASSIST, and that therefore
have no further intentional interpretation (othwar a set of values for the classifiers in the
ontology) usually will not be moved to the reselige they will be simply be permanently
discarded if they don't have a sufficiently highkimg (see the mechanism for auto-ranking,
described below).

permanent discard (1glicking the_permanent discabaitton above the commetaxtbox
discards the presently selected item in_the itemvilistwithout moving it to the reserve list.

auto prunethis moves all items that are not on the Panetotfto the reserve list. Notice:
ASSIST does not check if a new item name is diffefieom all the item names in the reserve
list. It is therefore possible that two items ie tleserve list have the same name, which means
that they cannot be distinguished by ASSIST. Thex sBould make sure that names are
meaningful and different!

comment this textbox can be used to enter a commentgstanthe presently added item.
Clicking submit ideastores the text in the commdmix together with the new item in the
item list.

reserve listthis list contains the items that had been adiddde past, but that are currently
not part of the ontology, nor take part in the itagk The buttons restorer permanent
discardoperate on the selected item in this list. Th@efist is shown by clicking on the
down-arrow button right from the text box.

restore this button moves the presently selected itethéreserve list back to the item list.

permanent discard (2Zhe presently selected item from the reservedipermanently
removed if the permanent discavdtton below the reserve list is clicked.

discard entire reserve lighis discards the entire contents of the reskst.e




Build Classifier
General introduction

We study the following design problem: a manufaatdior hardware tools produces a large
variety of equipment: hammers, saws, drills, pliersTo increase the market, they consider
to expand their product range. A traditional wayltoso is to set up a brainstorm — however,
the results from a brainstorm are just a haphazalidction of samples of an infinitely large
space of possibilities. It would be much more &fit if we could provide this space with a
map, or a system of coordinates that would allostespatic navigation. That would help us
to find empty regions, i.e., options for innovatimnexpansion.

Such a coordinate system,atology can be found if we endow the space of possidliti

with orthogonal, operational classifiersvhere for each classifier the set of values @n b
finitely enumeratedHere, arclassifieris a function that maps an item to the value ithat
assumed by the classifier when applied to the itemninstance, the classifier ‘colour' maps a
cucumber to the value 'green’, and a banana teaethe 'yellow'. Two classifiers are said to be
orthogonalif all combinations of their values have moreesd equal probability to occur; in
other words, if the value of one classifier doespredict the value of the other classifier. For
instance, 'contains sugar’, with values 'mucttlg’liand 'no' is a strong predictor for the
classifier 'taste’, with values 'sweet', 'souittéb and 'salt’, since food that contains much
sugar tastes sweet. Therefore, 'contains sugaot igery orthogonal to 'taste'.

A classifier isoperationalif it applies to all items in the considered domdtor instance, if
'software’ would be one of the tools in the lisg tlassifier ‘weight' would not be operational,
since software cannot be mapped to an amountajraims (it can be mapped to an amount
of kilobytes, though ...). If finding the value ottassifier when applying it to an item of the
list requires a substantial amount of discussilis, @ften means that the classifier is not very
operational.

Finally, a classifier is said to havdiaitely enumerated set of valuésve can produce a list

of all outcomes of that classifier. A trivial caseaBooleanclassifier that can only assume

the values 'true’ or 'false’ (such as the classifi¢egal’, 'is a banana’, 'is driven by a motor'

...). A nice example of a 3-valued classifier widlues that can be enumerated is 'aggregation
phase’, with values 'gaseous’, 'liquid’, or 'soBdt classifiers such as 'shape’ or 'is used for'
are not finitely enumerated.

Finding classifiers is not trivial, and finding skfiers that are reasonably orthogonal is
sometimes quite tough. Still, the endeavour is vtre effort. Indeed, if a good set of
classifiers can be found for a given domain (in example, the domain of hardware tools),
this set of classifiers can be said to represestiiggtantial part of) theorld knowledger
domain knowledger ontologyunderlying the list of items. Such a set of classif among
other things, can be used to see if new combinsitdivalues might yield a novel product.

A 'good’ set of classifiers for any given set efns should be sufficient to distinguish all
items. Indeed, if a present set of classifierassifficient to distinguish any pair of items,
whereas wé&nowthat these two items are different for some reas@can argue that there is
still some chunk of our world knowledge that is get captured in he set of classifiers, and it
is challenging to try to find the associated migsifassifier. At the same time, a 'good’ set of
classifiers should be as small as possible. Indee@yery next classifier the requirement of



(near) orthogonality with all earlier classifiessincreasingly more challenging, and the fewer
classifiers are needed, the least redundancy Haes ¢oped with. (Two classifiers are said to
beredundantf they are not very orthogonal).

Finding a good set of classifiers is partially ateraof creativity, and the ability to think in
abstract terms about an application domain. hiasyever, also an administrative burden:
verifying the orthogonality of two (meaningful) skfiers is a matter of verification,
bookkeeping and calculation. The latter task, tioeee can and should be automated, thus
permitting the (human) user to focus on the fiaskt

The Classify-tool, together with the Build Classrftool form the components in the
ASSIST-toolkit that perform the administrative dgtiof building orthogonal sets of

classifiers.

The tool Build Classifier allows to enter and adistirate classifiers, and for each classifier,
the set of allowed values. In the tool Classifgsin classifiers and classifier values are used to
build an ontology for the items in the items list.

Manual

The Build Classifier-form looks as follows:

ASSIST: classification manager

classifiers values
traffic laws j | j
| ]
add delets add delete
- rall roll —-=
v active

current file: C:\WSINKVO\werk\assist\traffic.amf

Figure 4

screenshot of the Classifier Manager-form



Controls

classifiers this textbox-plus-pull-down-list contains the geat list of classifiers. It serves to
enter a new classifier (to be typed in the textbok}o select an existing one. By clicking the
down arrow button right of the textbox, we can seeentire list of presently existing
classifiers. Typing a new text in the textbox alkoiw add a new classifier (by clicking the
addbutton underneath the classifidrsx.)

add clicking the_adebutton underneath the classifidrex adds the text in the classifiers
textbox as a new classifier to the list of clags#i Every new classifier automatically comes
with one default value, indicated by '?'. Furth&iues for this classifier can be added by
typing values in the valudsxtbox and clicking the adolutton underneath.

delete this deletes the presently selected classinet all its values

<--roll: the order of the classifiers can be adjustechbytwo roll-buttons. The button <--roll
moves the presently selected classifier one plpaa the list.

roll-->: this moves the presently selected classifierpiaee down in the list of classifiers.

active: by default, classifiers are active. That meaas tiey are used to distinguish items;
they are taken into account to see if classifieessafficiently independent (see below), they
are used in clustering (see below) and they are nsthe process of generating random new
items where it is required that the combinationalfies of allactiveclassifiers of the new

item is unique. It can be meaningful to temporasitch off a classifier, however. For
instance, to get a better understanding of thepgsducture (thelusterstructure) of the
present collection of items. This means that a acinve classifier is still depicted in the table,
but its values are ignored by ASSIST in all prooegssThe name of an inactive classifier
appears in the table with a diagonal cross througee the screenshot of the classifier-part
of the item table below). The activity-status aflassifier can be toggled by clicking the
checkbox for the currently selected classifier.r€he an intimate connection between the
activity-status of classifiers and clustering. Thestering tool contains sliders that are used to
adjust the relative importance of classifiers impaiting the distance between items; if such a
slider is put to 0, this signifies that the asstec@assifier has no influence; in that case, the
activity status of the classifier is set to 'naf\ae, the name of the classifier is crossed out,
and a new clustering is calculated where this iflasss ignored. Conversely, when the
clustering tool is started, the sliders associttedlassifiers with status 'not active' are set to
zero by default. (See below for a further explemabf the clustering mechanism.)

values this textbox-plus-pull-down-list contains thetlaf values for the presently selected
classifier. By clicking the down arrow button rigtftthe textbox, we can see the entire list of
presently existing classifiers. Typing a new texthie textbox allows to add a new value for
the present classifier (by clicking the adolgtton underneath the valubex.)

add:clicking the_adebutton underneath the values<tbox adds the text in the valdextbox
as a new value to the list of values for the prigaselected classifier.

delete clicking deleteunderneath the valud®x deletes the presently selected value.




Classify

General introduction

The Classify-form is used to build and use the logip It assumes that classifiers and their
values have been entered by the Build Classifiek-With these classifiers, we can fill in, for
every item in the item-list, the values for eachihaf classifiers. In this way, the world
knowledge about the items is formally represenme@l$SIST. Once this information has
been represented in ASSIST, we can use this intiwman various ways:

we can verify if the collection of classifiers isfficient to distinguish all items

we can check if the various classifiers are sudfidy orthogonal (independent) to
form a meaningful representation of the underlywayld knowledge

we can automatically generate new combinationsassdier values that might inspire
to new items (this is done using the produce randembutton on the Inspire-tool
we can automatically cluster the items in the {@xe form of clustering is provided
by lexicographicsorting: we put the classifiers in a desired ordad next sort the
items with respect to their value for the firasdifier; if several have the same value
for this classifier, these are sorted with respethe second classifier, and so on —
until we can assess if all items are distinguishabth the present set of classifiers or
not. A more sophisticated form of clustering, ttlaés not require a priori ordering of
the classifiers will be implemented in the future.

Manual

The form looks as follows:

Figure 5

screenshot of the Classifier-form



Controls

items this list contains the names of all present itevidle can select the item we want to
classify. If an item is selected, the value of iten for the presently selected classifier (as
selected in the classifielist box) is automatically highlighted in the vaklist box.

classifiers this list contains the names of all presenthsgrg classifiers. We can select the
classifier we want to set the values for. If a sifiar is selected, the list of its values appears
automatically in the valudsst box.

values this list contains the values for the presenglgsted classifier. The value that is
highlighted is the value as it applies to the pndgeselected item. If we want to classify an
item with respect to a classifier, we select therapriate value from the list valuesd click

the classifybutton.

classify clicking the_classifibutton establishes a mapping between the presssitdgted
item, the presently selected classifier and thegntty selected value.

sort this button performs two actions. First, it penis a lexicographical sort of all items
with respect to thactiveclassifiers in their present order. Next, it appla colouring scheme
to the concepts. Every row is coloured on the bafsike values of the classifiers in that row.
If two subsequent rows are identical with respecdhe values of thactiveclassifiers, they
receive the same colour, otherwise they are cotbdiféerently. In other words: two
subsequent rows with the same colours indicatatemos that are indistinguishable as far as
the presenactiveclassifiers are concerned. From the resultinguwalg, it is immediately
clear if groups oclustersof concepts exist that are indistinguishable watspect to their
classifier values: they appear in single-colouradds, whereas items that are distinguishable
from all other items have a colour that differanfirtheir successor and predecessor. Sorting
can be used for two purposes:

to verify if a present choice of classifiers isfgtént to represent all distinctions in the

items domain;

in case there are clusters of indistinguishablastat shows which these clusters are,

so when inventing a next classifier, the user cang on the items that should be

distinguished by means of this new classifier. \ifeythe clustering structure is

facilitated further by means of the clustering arsialization tool; see below.

Every time when classifiers have been added or veohasorting should be done to update
the information about whether or not the currehb$elassifiers is sufficient to distinguish
all items. Sorting obviously will affect the ordefrthe items; this ordering is propagated
consistently to all other tools in ASSIST that dedh (lists of) items.

correlations Every active classifier can be assessed in teffis ability to single out

concepts. For instance, a Boolean-valued classifagrscores 9 out of 10 cases 'true’ and only
once ‘false’ gives much less information than ssdfier that gives a 5-5 score. Also for
classifiers with more than 2 values, ASSIST canmat@ how well the classifier balances.
Ideally, every value occurs exactly the same amotitilnes. In that case, the imbalance is
said to be 0. The other extreme is the hypothetiasé where a classifier only produces a
single value (in which case it doesn't contain iafgrmation at all). In that case the

imbalance is said to be 1.



For any combination of two classifiers, say V andWe can express howdependenthey

are. To this aim, we average the imbalance fosilasV for each of the values of W,
weighted with the number of occurrences of theseega For instance, consider the following
case:

value W1 value W2
value V1 20 3
value V2 2 3
value V3 3 4

This table represents the classifier values for223#3+3+4=35 concepts. The combination
where classifier V takes the value V1 and clagsietakes the value W1 occurs 20 times, et
cetera. For value W2 of classifier W, we see that kéasonably balanced. In order to
guantify this imbalance, we introduce a functiorivad vectors, called theormalizeddot
product which can be interpreted as the cosine of théeasfghe two vectors. This function
is abbreviated as dot( , ). In the case of ledisional vectors (=numbers, say x and y ), we
define it as 2 x y / (x+ y?), which can be seen to vary between —1 and + it r8cely
corresponds with our intuition of the cosine ofaengle. With this definition, the imbalance of
the list of scores (3,3,4) is defined as 1-aps{herea=(arccos(dot(3,3))+ arccos(dot(3,4))+
arccos(dot(4,3)))/3 = (0+ 0.28+0.28)/3=0.19, aralithbalance is 0.017. For value W1,
however, the numbers of occurrence of values V1 ,W&of 20, 2, 3, respectively, cause a
much larger imbalancex = 1.013, so 1-coaf= 0.47. The number of occurrences of W1 is
20+2+3=25 and the number of occurrences of W2 8+3+10, so the weighted average of
the imbalances is (25*0.47+10*0.017)/(25+10)=0.34.

Since a measure for independency should be comnejtate also compute the weighted
average for the transpose case:

value V1| value V2| value V3
value W1 20 2 3
value W2 3 3 4

With a similar procedure we find the value of Ot¥8e. The final value for the independency
of V and W is therefore (0.34+0.48)/2= 0.41. Ifsthalue is (close to) O, the classifiers are
(close to) independent.

Clicking the button correlationsomputes the imbalance for every active classdiet the
independency for every pair of classifiers, and gitas this information in a (Symmetric)
matrix underneath the table, as follows (assunssiflars V, W, and X)



V wW X
imbalance of V independency independency
between V and W| between V and X
independency imbalance of W independency

between V and W,

between X and W

X independency imbalance of X

between V and W,

independency
between X and W

For an ideal case, where all classifiers are pyfbalanced and all pairs of classifiers are
perfectly independent, all entries in he matrix@rén the worst case, entries are 1. For easier
reference, cells are colour encoded: green meagygwed (very small values); yellow
reasonably good; orange not so good and red mespsavge (very bad) values. Using the
values in this matrix, we can define a 'quality'dcclassifier, being the sum of the values in
the column associated to that classifier. For mstathe quality of V is the sum of the
imbalance of V plus the independency between V\@nalus the independency between V
and X. After having computed all imbalances andralependencies, correlatiossrts all
columns (all classifiers) in the order of decregsjnality. This is useful to help deciding
which classifiers could probably be removed andafbich better classifiers could possibly
substituted. See the figure below for an exampkh@icorrelations matrix.

Figure 6

Example of the result of clicking_sort and correlations The coloring of items shows that ‘a
stroll' and 'roller skates' cannot be distinguishedby the present set of classifiers and values,
and neither can 'railroad train' and ‘aircraft’; fu rther, the correlation matrix shows that
classifiers 'time schedule' and 'education requiredare poorly distinguished. They are rather
dependent: the color of the cells is red. The clafisr 'traffic laws apply' balances well, which is
indicated by the green color of the cell. Classifis that are inactive are indicated by diagonal
crosses; their matrix entries are indicated by thevalue '9999' and they are colored red.
Correlation allows to distinguish 'good' classifies (low values in the matrix) from 'bad ones';
after computing the correlations, ASSIST sorts theclassifiers from good to bad; non-active
classifiers therefore will always end up last.



Build Ranking System
General introduction

In the first phase of the innovation process, tingg@se is to produce as many ideas (items) as
possible; in the second phase, this multitude edisdmust be brought back to the very few
very best ideas. This is done on in one of two wagygshe basis afinking The two ranking
methods, supported by ASSIST are:

Pareto front-ranking
weighted sum-ranking

In Pareto front-ranking, we distinguisiominatedrom non-dominatedtems. A dominated
item is an item for which another item exists tisdtetterin all respectsFor instance,

suppose that the criteria we want to use for rapkne profitability and safety, both on a 100
point scale. An item with profitability = 50 andfety = 30 is dominated by an item with
profitability = 60 and safety = 35. Such a domaahitem should not be chosen. An item that
is not dominated is called a non-dominated itera;abllection of non-dominated items is said
to form thePareto front Pareto front-ranking amounts to finding the Rafaint in a

collection of items; those that are not on the tdrent can be discarded.

Weighted sum-ranking assumes that each of thetgadiiibutes has a weigh¥\. If the

score of itenm) on attributé is §;, the total score of itemis defined a§= ;W S;. To distinct
them from total scores, the valugs will be calledattribute scores. The item with the highest
total score is the "best". This is a bit naiveujio: first of all, it is somewhat arbitrary to

have precise numerical weights for quality attrdsutThis suggests much more precision than
reasonably can be assumed. Suppose that profiyabilnore important than safety, should
we then seWsasety= 40 Worofitability = 45, Or'Wsatety= 10 Worofitaviiy = 90 ? A similar problem
applies to the attribute scores. Further, manipatis are not readily expressed as numbers:
perhaps, profitability can be quantified more @slaccurately on a numerical scale, but
safety is much harder to cast in the form of a neimbo cater for both difficulties, we have
two mechanisms built in in ASSIST (a third, relatedchanism is discussed in the description
of the Auto Weights-form):

All attribute scores5; , all total score§, and all weight$\i are intervals with a
lower border at least 0 and an upper border at &t The interval represents all
possible numerical values for the weight or theacdhe centroid of an interval is the
"expectation value" of a weight or a score; thetwiaof the interval indicates the
(un)certainty. An intervadl; is less than intervay} if the upper border df is less than
the lower border off,. If the lower border of, is larger than the upper borderlpive
say that; is larger than,. In all other cases, the orderlgfandl, is not determined.
So the weight [10:50] is not less than [30:70],retleough its expectation value is
less. Both weights are equally uncertain. Calcogptvith weights and scores as
intervals protects us against hastily and non-suibistted conclusions: the total score
S is only larger than an other total sc&ef the involved intervals, used to compute
iW §; , are sufficiently narrow — that is: if we arefstiéntly certain about a
sufficient number of attribute scores and weights.
Rather than assigning numerical values to lowerugppeer borders of intervals, we
can input opinions abouglativeimportance of quality attributes, and opinionsibo



relative values of attribute scores. Such opinions ar@dglliality rules and ASSIST
can calculate sets of weights and attribute sdbiascomply with such quality rules.
The underlying idea is, that in many cases it 8egdo state quality rules than
numerical values. A ranking process, employing ipalles, amounts to

o

defining a sufficient number of quality attributgs be calledattributesfor
short; remember that the distinguishing aspectiserontology were called
classifiers so a consistent nomenclature will avoid confusietween the
(quality) attributes that are used in the ranking the (classifying) attributes
that form the ontology);

entering opinions about the relative importancquadlity attributes;

entering opinions about the relative values oflaite scores;

having ASSIST calculate a set of numerical intesaf the weights and
attribute scores;

checking if any items exist with a total scoredmval) that is truly larger than
the total score ddll other items. In general, this will not be the cade can
then do one of the following:

try to narrow one or more of the intervals (becausbdaveto make
decisions about items that are going to be discastewe might as
well be a bit bold in our opinions). Narrowing da@ done by either
scaling down all certainty intervals (‘we are nettain, but let us
pretend that we are a little bit more certain thanthink’), or by

making some of the opinions stronger by addingptieelicate 'MUCH'.
So we can say that A is better than B, whereasNBUEH better than
C. This is called aenforcedopinion. ASSIST has a built-in numerical
heuristics to deal both with regular opinions anthwenforced

opinions;

rather than focusing on one single "best" item vighincontinue
working on a (small) collection candidates — simitathe Pareto front
approach, where the selected collection also ammt®veral items. The
items to be chosen could, for instance, be thcstestte at least better
thansomeof the other items. ASSIST can apply a colour egdi
scheme to label items that have total scores teataly larger (or
smaller) than any other items; these are colouredgy(red). An item
that isbothtruly larger and smaller than any other item il®oced
yellow.

in some cases we have quality rules for some ofvikights and/or
some of the attribute scores, whereas we have mcahealues for
others. These two modes can be mixed. This isctlaleking an
attribute score interval can be locked to numenedlies. This means
that the calculation of actual weights and attebstores on the basis of
guality rules leaves the locked intervals untoucl@fdcourse, it is
possible that locking scores can conflict with gyalles; it is also
possible that quality rules are conflicting. Inseaases, ASSIST won't
reach a consistent set of scores. It will signl by reporting how
many quality rules are violated.

The advantage of Pareto front-based ranking is wkalon't need the weights. With a
different set of weights, the same Pareto fronk regult. A disadvantage, though, is that the
number of non-dominated items can be prohibitivatge (in particular if we have many
attributes!) The weighted sum-ranking method cardpce arbitrarily few solutions (if all the



interval widths are brought back to 0, there wvifilgeneral, be only one "best" solution — even
though this may not mean a lot), but it has moaarrdor arbitrariness.

ASSIST has been designed such that the two mettaodbe easily interchanged, depending
on the characteristics of the present collectioneohs.

Several tools in the ASSIST tool suite are relatechnking. First, the Build Ranking System
tool allows the definition of attributes, and itnaihistrates quality rules. Next, the Rank tool
allows to set and edit attribute scores and wejgimd it offers control to the Pareto
machinery and weighted sum calculations. Furtlmer Auto Weights tool controls the
automatic calculation of weights from total scomesl attribute scores. Finally, one of the
visualization options in the Clustering and Vismation tool serves to visually inspect Pareto
fronts.

Here we discuss the Build Ranking System-tool.
Manual

The form looks as follows:

Figure 7

screenshot of the Ranking Manager-form



The left part of the form is devoted to administrgtattributes; the middle part to quality
rules. The existing quality rules are listed in tight hand part. Every quality rule is a
statement that either gives the relative ordehef(attribute) weights, or it gives the relative
order of two attribute scores. Therefore, a quailitg requires two terms (both either
attributes or items) that are selected in thenvigdle selection lists.

Controls

attributes this combination-of-pull-down-list-and-textboX@ks typing in a new attribute or
selecting an attribute. An attribute is a textrgjri Attributes must have all distinct names. In
order to create a new attribute, the text box shbalmade empty (if it isn't, select its
contents and press 'del’) and next a string shHmilgtped; this string is added as an attribute
by clicking the add attributbuttort.

add attributethis adds the string in the textbox_in attribuaesa new attribute.
delete attributethe attribute that is selected in the selectisinih attributess deleted.

items or attributes (I)this is a complete list of all presently exigtitems, plus all the
presently existing attributes. An element of ties ik to be selected if a new quality rule is to
be made. The item (or attribute) in this, left mdist is worse (if it is an item) or less relevant
(if it is an attribute) than the one selected i@ tight most list items or attributes (Z)uality
rules can be about relative relevance of attriudethey can be about attribute scores.
If the quality rule is about the relative relevaéeattributes, the term '(attributes)' should
be selected in the list attributes
If the quality rule is about the relative qualitfyiems with respect to a particular attribute
(that is, if the quality rule is about attributeoses), the actual attribute is the one presently
selected in the list attributes

items or attributes (2)this is the second complete list of all preseexisting items, plus all
the presently existing attributes. An element o tist is to be selected if a new quality rule is
to be made. The item (or attribute) in this, rigtdst, list is better (if it is an item) or more
relevant (if it is an attribute) than the one stdddn the left most list items or attributes. (1)

relations this list contains all the presently existing lifyaules. Every quality rule comes in
the form of a relation, either between two attrdsufone attribute being less relevant than the
other), or between two attribute scores (one afteilscore being worse than the other). If we
want to remove a relation, we can select the meiat be removed in this list. If a relation is
enforced (using the check box, see below), it aostdne word 'MUCH'. Further, if in the
present situation a relation is violated, thislsoandicated in the list box. However, violated
relations are only indicated after a full calcudatiof the scores is performed, so the absence
of a violation-warning does not guarantee thatréhation is satisfied.

add relationif this button is clicked, there should be anilatite (or the word '(attributes)’)
selected in the list attributeand an item or attribute in the list items orihtttes (1)and an

item or attribute in the list items or attribut@3. (With these three ingredients, a quality rule is
formulated and added to the list of quality rules.

2 Notice: in this screenshot, attributes are in ButBnelheid' means 'velocity'; 'plezier' meams':f
'milieuvriendelijkheid' means 'environmental friéindss', and 'veiligheid' means 'safety'.



strong relationthis check box is used to indicate if a relatstwould be enforced, or if an
enforced relation should be de-emphasized. Cheaking-checking the check box affects
the currently selected relation.

delete relationthe selected relation in the list relatioasleleted

sort relationsquality rules can be added in arbitrary ordelisTheans that the relations in the
list relationscan occur in random order. For a better overvibey can be sorted.



Rank

General introduction

The Rank-form is the most important form to be udedng the ranking process. It allows to
input and inspect weights and attribute scoresyntrols ASSIST's automated computation of
weights and attribute scores to comply with qualies; it controls which of the two ranking
methods is being used (Pareto front-ranking or teid) sum-ranking). Further it assists in
narrowing or widening uncertainty intervals. Thereat states of all weights and attribute
scores can be inspected in the Rank-form; it ilegdsowever, to see this information in the
part of the table in worksheet "ltems" that is dedao the ranking (=the right most part of
the table). The worksheet "ltems" contains, inftren of a table, all attribute score intervals.
For easier reference, these are colour-encodedcdreention is that colours between green
and red indicate "high" values vs. "low" values.mglgaturated colours mean: smaller
intervals (=more certainty); less saturated colonean: larger interval (=less certainty). The
interval [0:100], which is the largest uncertairdgrresponds to white. [0:0] is the lowest
possible value with largest precision is bright, raad [100:100] which is the largest possible
value with largest precision is bright green. T¢otouring scheme is used to colour weights,
attribute scores, and total scores for items. Tdér@ names themselves are coloured red,
green, yellow or white.
In weighted sum-ranking, the meaning of the colasias follows:

0 red: the item is worse than some other item;

0 green: the item is better than some other item;

o Yyellow: the item is both worse than some item agitieo than some other item;

0 white: none of the above.

In Pareto front-ranking, the meaning of the colasrs
0 green: the item is on the Pareto front: it is nomadhated;
0 white: the item is not on the Pareto front: it @dnated by some other item.

Also, the colour scheme is used to quickly settarbate score or a weight. An example of
the attribute-rank part of a table, includingibtite scores and item colouring is depicted
below.

Figure 8

A color scheme is applied to the table with attribte scores



The top row contains the names of the attributethé second rwo, we see the attribute
weights, in this case the intervals [50:97], [9D]100:50] and [0:46]. These are the weights
for the attributes, 'plezier' (='fun’), 'veiligh&{d'safety'), 'snelheid’ (='velocity') and
'milieuvriendelijkheid’ (='environmental friendlisg'), respectively. In subsequent rows we
see all the item scores for all respective itene [Bwer most rows form a correlation matrix,
in much the same sense as the correlation matrisaweearlier for classifiers. The present
correlation matrix, with the same colour interptieta as before, helps to assess the relative
independency of attributes. Again attributes areeslp from left to right, from ‘good’
(=relatively well-balanced attributes that are tigkely independent from others) to ‘bad’
(=relatively poor-balanced attributes that aretreddy dependent from others). In order to get
the attribute correlations, the correlate attribdttetton in the Rank-form has to be clicked
(see below).

The total item scores can be seen in a graph, whialso found in the worksheet "ltems”,
provided that the check box graph visibiehe Rank-form is checked (see below). In this
graph, every item corresponds with one horizoraal b there are not too many items, each
bar is preceded by the name of an item; otherwise;an find the item that corresponds to a
bar by simply counting the bars, since the barsratiee same order as the items in the table.
A bar is subdivided in three segments. The bordenéen green and yellow is the lower
border of the interval, corresponding to the tstaire of the item; the border between yellow
and red indicates the upper boundary. In rare qasesvals with width=0), the yellow bar
vanishes.

Figure 9

The total scores for the items are visualized witkolored bars.



Manual

The form looks as follows:

Figure 10

screenshot of the Rank-form

Control

items this contains the list of presently existing ikgemlus the word '(attributes)’. If we want
to set or inspect an attribute score for an itechamattribute, we select the item in this list. If
we want to set or inspect the weight for an attebwe select the word '(attributes)'. After
selecting an item (or the word '(attributes)’), andattribute, the present attribute score or
attribute weight is automatically converted to twe sliders valueand_uncertaintyThe
numerical lower and upper boundaries are fillethithe text boxes right next to the sliders.
The colours of the sliders and the textboxes reptethie present interval values.

attributes this contains the list of presently existingiatites. If we want to set or inspect an
attribute score for an item and an attribute, wecsé¢he item in the items-list, and the
attribute in this list. If we want to set or inspéte weight for an attribute, we select the entry
'(attributes)’ in the items-list and the attribfdewhich we want to set or inspect the weight in



the attributes list. After selecting an attributes present attribute score or attribute weight is
automatically converted to the two sliders vadunel uncertaintyThe numerical lower and
upper boundaries are filled in in the text boxghtrnext to the sliders. The colours of the
sliders and the textboxes represent the presemvaitvalues.

quick ranking the cluster of 5+4+3+2+1=15 coloured buttons farguick and intuitive way
to set a value to an attribute score or an ateilgight. The 5 buttons in the above row
correspond to the zero-uncertainty intervals [J2§,25], [50:50], [75:75] and [100:100],
respectively. The second row corresponds to teulocertainty intervals [0:40], [20:60],
[40:80] and [60:100], respectively. The third roarresponds to the medium-uncertainty
intervals [0:50], [25:75], and [50:100], respectwe he fourth row corresponds to the high-
uncertainty intervals [0:66] and [33:100]. Finalilge fifth row corresponds to the maximal
uncertainty interval [0:100]. Notice that, for monguitive operation, the colours of the
buttons represent the corresponding intervalsk@igcon of these buttons fills in the chosen
interval, either for the present attribute scoréooithe present attribute weight. The sliders
valueand_uncertaintyre set to the appropriate values, the textbosetam the numerical
values for lower and upper bound, and the contatse table and the graph are updated.
The quick ranking devise is well suited for rankitegns and attributes for which a merely
intuitive score can be given. For those cases winere precise, numerical values exist, we
can use the valuand_uncertaintysliders.

value in cases that we have numerical evidence fotttaibate score or attribute weight, we
can input this by means of the sliders valed _uncertaintyWe should realize, however,
that the lower and upper bounds for an intervarestricted between 0 and 100. This means
that, for instance, a value of 20 cannot havegelanncertainty than 20, and similar for a
value of 80. The sliders won't admit a setting ttatesponds to an interval outside the
0...100 range.

uncertaintyin order to set a desired valiienay be necessary first to adjust the unceraint
slider in order to have the corresponding intewiéthin the 0 ... 100 range.

graph visiblemark this checkbox in order to produce the graghdesplay from figure 9.

results as Pareto frarthe colour scheme that is applied to the itenthéntable in worksheet
"ltems" can either be based on the Pareto frorkkingror on the weighted sum-ranking. If the
checkbox results as Pareto froistchecked, the items that are on the Pareta &@ncoloured
green in the table; the other items are red. Otiservthe white-yellow-green-red scheme is
used as explained above. This colouring schemasa of Pareto front-ranking is not affected
by the values of the attribute weights. Nevertteldse expressions for the item scofgs, ;

W §;, are also calculated in this case, and the grapiwsthe order of the items on the basis
of the§ even in the case results as Pareto fidsohecked.

random resefclicking random resedssigns random values to all attribute scores@adl
attribute weights, except those who have been th¢&ee below for an explanation of the
locking mechanism). In order to get an idea ofréimbility and accuracy of a ranking
outcome, the following steps should be followed:

first, assign attribute scores and attribute weidbt those cases where a reasonably

certainty exists, and lock these entries.

next, add relations to represent the quality rakefar as they can be formulated.



next, click random resefs a result, most of the quality rules will behated. This is
indicated by the caption of the button press ta.fixelationsthis will state how many
relations (quality rules) have been violated.

click the button press to fix ... relatigrikis starts an iterative process which gradually
adjusts all attribute scores and all attribute Wisgn an attempt to satisfy the quality
rules. It is possible that, given the random ih#igtting, that this process does not
converge (this also depends on the setting oflitier gast<--calculation-->accurgte

In that case, click again random reaetl_press to fix ... relationt the process never
converges, it is likely the case that the qualitgs are contradictirig

even if the process converges in a situation wieelds 'relations OK' (which means
that all quality rules are satisfied, it can bennstive to repeat the process a couple of
times with different sets of random initial valuésdeed, a given set of quality rules
usually allows a large amount of different setattfibute scores and attribute weights,
and in different configurations, different itemsyrmove "the besf"

neutral resetinstead of random reset, one may also use aatéuitial situation. That is: all
attribute scores and attribute weights, excepbties that are locked, are set to [0:100]. In
this case, the iterative process to comply withghality rules will strive for intervals that are
as large (=as uncertain) as possible.

lock: an attribute score or an attribute weight majoloked. That is: the value will not be
affected by a random resmt neutral resenor by clicking looserr tighten nor by clicking
press to fix ... relationt.ocked values will be affected though, by adjustime sliders value
and/or_uncertaintyor by one of the quick rankifguttons. Values that are locked are
indicated in the table by a double underline. Iftam/attribute pair is selected in the items
and/or_attributetists, the caption of the lodkutton changes in accordance to whether the
presently selected attribute score or attributeylteivas locked or not. If it was locked, it can
only be unlocked:; if it was not locked, it can obly locked.

press to fix X relationghe caption of the button press to fix ... relatiindicates how many
relations (quality rules), in the present situatiare violated. If no quality rules are violated,
the caption says 'relations OK', so it is not neagsto click this button. Otherwise, clicking
the button press to fix ... relatiogtarts an iterative process that attempts to apptymal
adjustments to the present attribute weights amithatie scores in order to satisfy all the
quality rules. The process stops after a numbatertions that should normally be enough
to reach convergenci,a solution existsThis number of iterations is adjusted with thdesi
fast<--calculation-->accuratdf the porcess doesn't reach convergence, thteocawill
indicate how many unsatisfied relations remaineéosnd click (=a further round of
iterations) may occasionally give a satisfying solii more commonly, we have to attempt a
different initial configuration (click random re3etr there is no solution at all because
conflicting quality rules and/or locked attributsoses or attribute weights contradict the
quality rules.

% Quality rules can easily be contradicting, fotamee by demanding that A > B, B > C, and C > AerehA, B,
and C are attribute scores or attribute weightsotradiction may also occur if locked attributerss or locked
attribute weights conflict with some quality rules.

* If the slider fast<--calculation-->accuragemoved to the extreme right, the outcome ofcéieulation of the
scores should normally be unique, provided thatlatisn exists (that is, that no conflicting rulesve been
entered) .




loosen the amount of items for which the total scordridy better than for any other item
depends on the width of the intervals. If all intds are of maximal width (=maximal
uncertainty), there will be no single item thattigly better than any other; if all interval
widths are 0, there is most likely precisely omduton which is single best. To get a
reasonable number of items, we may therefore athestvidths of uncertainty intervals. This,
of course, can be done on a per-interval basiselgcting an item-attribute pair and next
using the sliders valuand uncertaintylt is much quicker, though, to adjust all intdsva
simultaneously. Clicking the loosdrutton increases all the intervals with 60% of width.
loosenand _tightendo not apply to locked attribute scores or loclmibute weights. By
applying loosen intervals cannot become to extend the rangeO00...This means that
repeated clicking on loosanay cause intervals saturate that is: to get a lower value of 0
or an upper value of 100. In that case, the efietiosencan no longer be undone tighten

tighten clicking tightenis the converse of clicking looséNotice that intervals cannot
become smaller than 0, though. If an interval g@issmall, the machine representation to
accurately represent the interval width can bestoall. In that case, the effect of tighten
cannot exactly be undone by loosBlormally, the tightemmperation is done if there are too
few items that are truly better than any other gethat is (in the weighted sum-ranking
method), too few green items. In the Pareto franking method, loosening and tightening
intervals has no effect on the number of items d@inaton the Pareto front — unless, by
repeated loosening, intervals reach the maximurertaiaty of [0:100].

sort the main reason why total item scores are conapigeo find out which items are better
than others — or even: which items are better #ilaothers. Therefore it is convenient to sort
items on their total score. Of course, scoresraeevals, and sorting intervals is not directly
possible. In ASSIST, we have chosen therefore tioosothe expectation value of the interval,
that is: on the average between lower and uppelebor

auta by checking the autbox next to the softutton, sorting takes place automatically after
every update of any of the attribute scores oibaitie weights. This will probably be the
standard situation; for large numbers of items, éw®v, or for slow computers this may
render the ranking process uncomfortably slow. ¢¢othat sorting affects the order of the
items, so after we go back to any of the otherstéloispire, Classify, ...) we there find the
items in an adjusted order as well.

auto rankthe ontology and the ranking system are two sidélse ASSIST system. At first
sight, they seem to serve two very distinct purpoiee ontology, implemented in the
Classifier-form helps to systematically formulateagment of world knowledge which
provides a "coordinate system" for the space ofisteThe Rank-form helps to select suitable
items. There is a close connection between thettvoaigh. By means of the ontology it is
possible to define distancebetween any two items. Indeed, items who havedige set of
values for all classifiers cannot be distinguishibdy are identical as far as the ontology is
concerned (even though they might have differamies: the Morning Star is the same object
as the Evening Star, because they have the sandéehafrattributes). We can use the number
of classifiers in which two items differ as a simphaive) measure for their distance. This
distance is called the Hamming distance. In ASSi®&Tuse a simple variation to the
Hamming distance. Indeed, a classifier which céa talarge amount of values can be said to
have a different contribution to the distance taamassifier that has few different values. We
adopt the convention that, the more different valaelassifier can have, the smaller its
contribution to the distance between two item. Omee&know the distance (in the ontology)



between all pairs of items, we can use this digtaopredictthe result of ranking. Indeed,
two items that have distance 0 should be ideniticednking. The smaller the distance
between two items, the more similar their rankiatues should be. This leads to the
following idea: suppose we have a collection ahigeT;, i=1,2,3,..., having attribute scores
S; for a particular attributg. Next there is a further iterX, with (ontological) distances; to
each of the item$;. Then it is a reasonable prediction to say thatattribute score for itefd
isgiven bySq = ( i §/D)/( i1/D). This is the so-called Shepard interpolation fdamu
other, more advanced formulas can be used asWk#n we click the auto rarbutton,
ASSIST computes the above estimate for the preseslttcted attribute score.

correlate attributesSimilar as the correlation of classifiers in Dkassify-form, we can
perform a calculation to assess the relative indégecy of pairs of attributes, and the degree
to which attributes balance. Again, as with thesifgers, we depict the results in the form of
a colour-encoded matrix, and we sort the attribfrtas 'good’ to ‘bad’ ones.

fast<--calculation-->accuratéhis slider adjusts the number of iterationshaf humerical

process that calculates item-scores and attribatghts in order to meet with the relations.

This numerical process works as follows: all val(lesth lower bounds and upper bounds of

all scores) are considered as point-masses, sombkich are pair wise connected via springs.

All the required effects are modelled by approgrsrings:

1. intervals should be as wide as possible: tteagpushing spring with rest length 100
between lower and upper border of each interval;

2. lower borders should not be less than 0: threeaecionditional spring (= a spring which
only comes into action if this condition is violdjeon every lower border with zero-rest
length and one fixed end in the value O;

3. upper borders should not be larger than 100etisea conditional spring (= a spring
which only comes into action if this condition i®hted) on every upper border with
zero-rest length and one fixed end in the valug 100

4. for each interval, lower borders should be lothan upper borders: there is a conditional
spring between lower and upper border of everynmatevhich ensures the right order;

5. of arelation, the upper border of the loweeinal should not be larger than the lower
border of the upper interval: there is a conditi@ming between these two borders that
keeps them in the right order;

6. for every enforced relation, there is a virtuéérval that should be as large as possible
between the upper border of the lower interval tiedower border of the higher interval,

7. finally, for every locked interval, there areotwero-length springs that pull the two
interval borders to the assigned values.

Springs 1 and 6 express conditions that shouldpbensed; all other springs express

constraints that need to be satisfied. ASSIST impl&s a dynamical simulation of this

spring-mass system, where all springs are sligtaiyped (to enforce convergence in a

situation where all values come to rest); the gsriof types 1 and 6 gradually get less stiff,

and the springs 2, 3, 4, 5, and 7 gradually gHestiuring the iterative process.

® In this form, the interpolation is singular ris 0. In that case, howeve&=S;.



Auto Weights

General introduction

Weights can be automatically assessed (with costdatons). Suppose that we have a
number of items, and we can provide attribute sctoeall these items for all (quality)
attributes, but we find it difficult to give numeal values to the attribute weights. If wen
give total scores for the items, however, ASSIST aidempt to calculate weights that are
compatible with these total scores — provided #hset of weights exists that is compatible
with the given attribute scores and total scoréss &mounts to solving for tha from a set
of equation§= ;W ;. Since the set of items (=the sei-s) is typically (much) larger than
the set of attributes (=the setied), these equations can only be solved exactigre
occasions. If the attribute scores are sufficieatlgsistent, however, a so-calledst-squares
optimal solution will be generally quite reasonable. ASS#pplies an iterative solution
strategy to approximate such a least-squares opgimh#ion. Automated calculation of
weights is governed by the Auto Weights-tool.

Manual

The form looks as follows:

Figure 11

screenshot of the Auto Weight-form



Controls

main item list this scrollable list contains all presently exigtitems. In order to set the total
(item) score for an item, we select one in this Motice: not all items need to have a total
score to be set.

high score selecteth this textbox we can type a number which isupper value of the
interval that represents the total item scoretergresently selected item.

low score selectedn this textbox we can type a number which isltveer value of the
interval that represents the total item scoreHergresently selected item.

enter score:once a lower and an upper score gave been engrecn item has been
selected, we can click this button; this sets #mrdd total item score for this item.

text box_current residuethe iterative solver attempts to compute weidlftsuch tha§=
WS or§- WS =R, where the so-called residBReneeds to be as small as possible.
During the iteration process, the value of thedesiis printed in the textbox labelled 'current
residue$ so that we can follow the convergence process.

solve clicking solvestarts the iteration process; it performs a nunobéerations set by the
slider nr iterationsvith step size given by stepsizeconvergence is not reached (that is, the
residues as shown in current residassstill (too) large, we can click for anotheamd of
iterations.

restore old weightsn some cases, the process of automaticallyrigpaieights doesn't
produce any satisfying weights (for instance if aétteibute scores are not very coherent). In
that case we may wish to go back to the initialtaite weights; we do so by clicking the
restore old weightbutton. (Notice: this is a sort of 'undo’ functidt only applies to one
round of clicking the solwbutton. To make sure old weights can be restaredbre
extensive experiments it is therefore advisablerite the project to disk under a different
name.)

nr iterations this slider sets the number of iterations in tura of clicking_solve

stepsize this slider sets the step size. A step size thiid small causes slow convergence; a
step size that is too large may cause instabilities



Clustering and Visualization
General introduction

To get a better understanding of the structuréefet of items, two additional tools are
provided within the ASSIST system. The first onelisstering the second one is a
visualization of Pareto fronts.

Clustering:

Between any two items,distancecan be defined. Such a distance should be zeitefos

that are identical; it should be non-negativehdidd be symmetrical (distance between A and
B equals the distance between B and A), and itldhaley the so-called triangle inequality
(the distance between A and B cannot be largerttisum of the distances between A and
C and between C and B). A suitable definition istahce as far as classifiers as concerned is
theHamming distanceThe Hamming distance between two items is basgti@number of
classifiers in which these items differ. A clagsifcontributes to the distance inversely
proportional to the number of values this classif@n take: if two items differ with respect to
a binary classifier, this is more significant thanen they differ with respect to an n-ary
classifier, n>2. As far as the attributes are came#, the distance between items is defined to
be proportional to the difference between the etgiien values (=the average between the
lower and upper values of the interval). So for amy items we can compute a distance,
which is a contribution of the distances due tssiféers and due to attributes. This distance is
a (non-negative) number, which can be interpreseith@ rest length of a spring. In this view,
all items are point masses, connected via sprltegas that are close together are connected
via short springs; items that have large distarase hong springs between them. When we
animate this network of mass points and springsgeten intuitive view of the cluster-
structure among the items. This is enhanced bgptien to vary the influence of the various
classifiers and attributes. For instance, if wéyfignore a particular classifier C, items will
belong to the same cluster irrespective of whetiney are equal or not with respect to C. The
more classifiers or attributes we ignore, the feghasters will be formed. To see this effect,
we associate a slider to each classifier and tb atigbute. The sum of all contributions, that
is: the sum of the values of all sliders equals¥iQidicreasing one slider (=increasing the
influence of one classifier or attribute) will resiuthe influence of all others. If the influence
of a particular slider is set to 0, the associatedsifier will be set to non-active, and the top
part of the table of figure 6 will be re-calculatddhis means that we see the clusters reflected
both in the animation of the mass-spring systenin(éigure 13) and in the blue-yellow

regions in figure 6. Notice that attributes can Im@set to non-active; however, in practice we
will have only few non-zero sliders at any timenost cases, the contributions to the
distances of the attributes will be zero (sinceRheeto plots offer more intuitive means to
visualise the items with respect to their attribvakies.) For this reason, the sliders for the
attributes have been put on a different user iaterpage in the Cluster and Visualization
form.

Pareto visualization:

For any two attributes, we can plot the graph bitens in a Cartesian coordinate system
spanned by these two attributes. Every item istandihis graph; the uncertainty intervals
give error bars to this dot. In case horizontal eedical attributes are equal, all dots are on a
(45 degree) line, and their order and spacing ghevindividual item scores. Such Pareto



plots are very useful to get an immediate undedstgnof trade-offs (with respect to any two
attributes) between items.

The Clustering and Visualization tool provides cols for both kinds of plots.

Manual

First we explain the control of the animated mas®g system to visualize the clustering.
This system is operated by the buttons start ammadtir it ug and (optionally) stop

animation The two tabs classifieend attributesllow access to the sliders to control relative
influences of the various classifiers and attribute

Figure 12

A screen shot of the Clustering and Visualizationdrm for controlling the impact of classifiers on tre
clustering visualization. (A similar page is proviagd for controlling the impact of the attributes)

Controls

start animationthis starts the animation of the mass springesysiWhen the animation runs,
all PC resources are consumed, and the other gexean get prohibitively slow. Therefore,
the animation automatically switches off if no chgas in any of the sliders has taken place for
a certain amount of time. The animation can bepsdas well by clicking the stop animation
button that appears as soon as the animation Dumgg a running animation, the sliders can
be operated freely in order to study the clustesingcture. Figure 13 shows a screenshot of
the animation. Notice that all items are identifigddifferently coloured markers. If a slider is
set to 0, and a re-calculation of figure 6 takex@) the items may get re-ordered. In this case,
the mapping between item names and markers maygetse-ordered. In order to get a
better view to most of the markers, they are digbitfset in a random direction. So even if

the distance between two items is 0, they appesligtly different locations.



stir it up in order to further facilitate the understandaighe clustering structure, we can re-
start the animation from a random position. Everuth the spring lengths stay the same
(since these are calculated from the distancesdagithe items), the configuration may look
different. At least since the overall orientatidrtlee mass-spring network is not defined by
the spring lengths; further, its centre may beaatlom locations. (In rare occasions, few

markers may end up outside the plot area. Re-alicthe stir it ugbutton will probably put
them back.

Figure 13

A still from a clustering-visualization

Figure 14

A screen shot of the Clustering and Visualizationdrm for showing a Pareto front)



A second set of controls is provided to produceRaeeto plot visualizations. The buttons
start animatiorand_stir it uphave no effect now; in fact, clicking the starinaation button
would stop the Pareto-visualization and re-stagtvilsualization of the mass-spring system.

The generation of Pareto plots is controlled bgkafig on two attributes, one in each list box
(labeled 'horizontal and 'vertical', respectivadfjhe Paretdab in the Clustering and
Visualization form. Clicking the first attribute ostructs the actual Pareto graph; clicking the
second attribute fills in the two axis labels anciages all items in the graph. Again, items
are indicated by colored markers; the legend costidiese markers and gives the associated
item names. All markers have error bars that irtdida both attributes, the uncertainties.

Figure 15

An example of a Pareto front visualization



