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Abstract

Adaptivity is widely recognised asmaajor characteristic of Intelligetdser Interfaces for improving

the usability of interactive systems, in order to meké requirements oheterogeneous user
categories. Therocesghrough whichadaptivity takes place is characterised by several attributes. In

this paper, we areoncerned with adaptivity constituents, determinants, goadsrules, andbentify

the requirements that the adaptivity process has to meet, with respect to these attributes. We propose a
methodologywhich addresses the adaptivity at the mexha modalities level,and complies with

these requirements. We also present the implications ohéleodology for useranduser interface
developers. It is argudtiat theprovision of methodologieandtools that comply with the identified
requirementsnay significantly assisthe designand development of intelligent user interfaces, and
substantially promote the ‘design for all’ principle.
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1. INTRODUCTION AND BACKGROUND

Intelligent User Interfaces (IUIs) constitute a major direction of current HCI research, towards
the provision of high-qualityuser-computer interaction. Related literature acknowledges a
series of different reasons that pose the requirement for 1Uls, including the negsitéons to

be used by users with different requirements, a sumsge withchanging requirements, in the
context of changing or different environments [Kuehme 93].

In this respect, IUIs are consideregdpeciallyimportant wherthe aim istowards supporting
heterogeneous user groups with variable and diverse rasldies and preference@ncluding
people with speciaheeds),since they facilitate anore ‘natural’, i.e.effective andefficient
user-computer interaction, attempting to imitate human-human communication.

Several effortsowards thedevelopment of IlUIfhave beemeported in the literatureesulting
in a number of prototyping systems, in several application dorf@imsarchitecturdyusiness,
financial, tutoring andraining, processontrol, projectmanagement, visualisatiRoth 93]).



However, there is still a lack of consensus concerning the characteristics, essential components
and behaviour of 1UIs.

In this paper, we take theiew that auser interface has to make sevezammunication
decisions whilanteracting with the user. Thesecisionsmay concern several aspects of the
interaction, such ashatto communicateivhento communicate, andow to communicate. In
this context, a useinterface can be called intelligent tioee measure that it adaptself, and
makes these communication decisidgeamically, atrun-time, based on the requirements of
the interaction [Szekely 91]. Thus, run-time adaptivityh® requirements of the interaction is
considered the central part of an 1UI.

The process addaptivity is characterised by seveatitibutes. Irthis paper we are concerned
with the adaptivity constituents, determinants, goals and rules:

« adaptivity constituents the aspects of the interaction that are adaptedjnéogmation
content, presentation primitives (interaction techniques, 1/O devices, media or modalities);

« adaptivity determinants the factors guide thadaptivityprocess, e.cadaptivity based on
user characteristics, task or application nature;

« adaptivity goals the particular obives that are to be served by taptivity process,
e.g. minimise number of errors, optimise efficiency or effectiveness;

« adaptivity rules- ‘drive’ the instantiation of thadaptivity constituents, based the state
of the adaptivity determinants.

Our approach to suppaoataptivity also presumehke existence of a monitoring modulleat
makes inferences about thiate of user-computarteraction (Figurél), and a high-level user
interface development environment, that ‘realiséis¢ instantiations of theadaptivity
constituents, as described in [Stephanidis].

In thefollowing, we present drief overview ofcurrent approaches to adaptivity, with respect

to the above attributes. We identify a diversification of current approaches to adaptiaty,
constitutes a major drawback the development ofUls. Consequently, wedentify the
requirements that thadaptivity attributes need to meet,arder to address theccessibility

and usability requirements of a wide range of user categories. Also, we present a
methodology,which addresses theedia and modalities adaptivity, and complies with the
identified requirementsThe proposed approadias implicationsboth at thedevelopment
level, and athe interactiorlevel. Thatis, it assistthe designer toasily designthe adaptivity
process, tailored to the requirements of the specific application.

2. STUDY OF ADAPTIVITY PROPERTIES IN CURRENT SYSTEMS

The state of thart in Adaptive User Interfaces exemplified by limitedprototypes in narrow
domains, thatre able tointerpretonly a few kinds ofinput and generatiémited forms of
output [Maybury 93a], [Dieterich 93]. In particular, theadaptivity determinants and
constituents, asvell asthe adaptivity goals and rulesdopteddiffer substantially; they are
usually predetermined at design timbardcoded into thesystem, and cannot beasily
modified by the designer, which constitutes a major drawbadkdadevelopment of adaptive
and intelligent user interfaces.



Figure 1: The attributes of the adaptivity process

2.1. Adaptivity Determinants

The set of Adaptivity Determinangglopted ircurrently implemented systems is diversified. In
most approaches geems thathere is a commoset of characteristics that are considered
essential. This set includes:

« the user’s characteristics (preferences, experience, etc);

« the tasks being performed (nature, urgency, etc);

« the information characteristics (nature, purpose, etc);

« the state of discourse.

These characteristics are captured in several models, such as task, user model, dialogue model,

application model, etc. Additionally, depending dme requirements of the particular
application, other adaptivity determinants may be found:



- the goals and characteristics of the producer of informati@ng. affect perceiver's
knowledge, opinion, emotionaitate),and the receiver of informatiofe.g. knowledge,
interest, opinions) [Arens 93];

 dialogue actssuch as subject informative: enable - communicate actions to achesile a
subgoal, result give informationabout the outcome of a task subgoal, cauggve
information concerninghe causality of aask subgoalinform - display information as is;
subject-organising: sequencespecify a succession of linkesteps,summary - provide
overview of task subgoals, condition - a particulaubgoal is a precondition; and
presentational: locate - draw attention toilormation type,foreground -give further
detail of an information type, backgroundive content informationgmphasise - make an
information type prominent [Sutcliffe 94];

- expressivenes§.e. ability to presentall the information using some techniqueahd
effectiveness criterié.e. amount of redundancy) [Mackinlay 86], [Gargan 88];

« information about generally shared world knowledgapplicable acrossdifferent task
domains [NealP1], e.g.common sens@bout thebusinessworld, office work, human
communication [Thomas 87];

« graphics design aspect®.g. empiricalstudies on graphicgools usage, theoretical
distinctions between tools [Chappel 93];

« teaching strategiefarticularly in intelligent tutoring systems) [Dannenberg 92].

Even when researchers agreetlom set ofadaptivity determinantshe characteristics of these
determinants that are considesghificant may differsubstantially For example, information
content is characterised or classified as:

- linguistic or non-linguistic, analogue @on-analogue, arbitrary or non-arbitrary, static or
dynamic, etc [Bernsen 93];

« by the data types, properties refationalstructure, gty, userinformation seeking goal,
etc [Roth 93];

« by the intrinsic property, class property, set property, etc [Arens 93];

« as descriptive, spatial, operational-action or operational-procedural, temporal, etc
[Sutcliffe 94]

Also, the modelling of the knowledge regardingdaptivity determinants is variableser
models, for example, may be classifiedaccording to granularity, temporal extent and
representation.

2.2.  Adaptivity Constituents

The adaptivity constituents, i.¢he aspects of the interaction that are adapted, diffeo
substantially in currently implemented systems, ar@y address thesemantic, syntactic or
lexical level ofinteraction. [Dietericl®3], provides a list othe adaptivity constituents that are
usually employed in existing systems. This set includes:

« generic functions: error correction or active help



« interaction level: user presentation of input to th&/stem, system presentation of

information to the user, access to capabilities, task simplification
Other adaptivity constituents can be found in the related literature. For example:

« UIDE [Sukaviriya93] and PUSH[Hook 95] focus on theprovision of context-sensitive
help;

«  WIP [Arens 93] is concerned with the provision of 3D instructions for technical devices;

« TEXTPLAN [Maybury 93b] provides narrated animations;
« AIMI [Burger 93] adapts the presentation of text, maps and tables;
- ANDD [Marks 90] and MMf [Chappel 93] adapt the layout of network diagrams;

« BLAH [Weiner 80] and GRAFLOG [Santan@5] providegraphical explanations of expert
system’s conclusions and drafting tasks, respectively;

« ALFresco[Stock 93]provides customised images Bdurteenth Century frescoeshile
APT [Mackinlay 86] provides customised graphical presentations of relational data.

2.3  Adaptivity Goals

The goals that thadaptivity process attempts tolfill vary substantially ircurrentsystems,
according to the requirements of theplication and usegroup.[Dieterich 93], for example,
provides the following list of adaptivity goals:

« easy, efficient, effective use

« make complex systems usable

« present what the user wants to see

« speed up use

« simplify use

« a Ul that fits heterogeneous user groups
« a Ul that considers increasing experience

Additionally, one might state several other goals, such as:

« minimise number errors
+ maximise user satisfaction

« minimise cost, in terms of computational resources

In several application domains, there is a major goal that the system has t¢-oeazample,
in the case of aair-traffic control systemthe overall goal ighe effective anderror-freeuse;
for a computer game, thmverall objective might béhe user’s satisfaction. Iseveralother
cases, however, more than one (sometic@#licting) goals is significantFor a public
interface, for example, the efficiency and effectiveness might be both desired.

2.4.  Adaptivity Rules



The rules that guide thedaptivity vary in currently implemented systemwgaclIDA, [Petoud

90], for example, uses set ofselection rules of the form: “a window is selected éach
entity, a simple edit box is selected for each attribute of an entity, a table is seleeachfor
repetitive aggregate of attributes, and a plostion isdesignated for each functioniBIS,
[Seligmann91], usesdesign rules that map intent to stylistic choice and style rules that map
stylistic choices to visual effects. [Stephani@3] addresses thadaptivity for peoplewith
special needs, using rules tfe form: “If user task = X (XO {selection, position,
guantification, command input}), andser load = Y (where user load refers to cognitive,
perceptual ananotor load,and Y O {low, medium, high}), and.., then use Z (where Z]
{direct screen selection, direct selection on a tactile surface, ...}).

On the otherhand, many adaptivity rulesmay befound in the literature concerning the
assignment of adaptivity constituents to adaptivity determinants, such as:

« “If what has to bdisplayed is atructuralanalysis of a complex atractdomain, then use
network charts” [Bernsen 92];

« “If the task sub-goal requirspatial information - prefer visuatediaresource[Sutcliffe
94,

« “Condition: composition of whole intgarts of types, CharReference: pie chart’
[Chappel 93];

« “Condition: judging accurate values; Chart reference: table” [Roth 90];

« “If information is urgent, then choose mediumwith low default detectability and a
channel with no temporal variance” [Arens 93];

« “If the data type islphanumeric or numeric, ardiscrete, and the range wélues is
greater than 6, then use a list box” [Janssen 93];

« “If the number of secondary values is strictly positive, then the selected abstract interaction
object is listbox” [Bodart 94].

These rules aresually hardcoded in the user interface, and cannotasdyemodified, or
reused acrosseveral applications (except for some cases, suclhasUIDE system
[Sukaviriya93], where theules arestored in dile that is modifiable bythe designer)Also,

these rules arenonolithic, inthe sense that the selection amfaptivity constituents is not
depending on adaptivity goals, but only to #uaptivity determinants. Thagpproach does not
allow the easy inncorporation of design decisions, i.e. trade-offs between different interface
qualities, in the design procedure.

2.5. Conclusions on Current Approaches to Adaptivity

As it is evident fromthe abovediscussionthe critical attributes of theadaptivity process,
namely determinants, constituents, goals and rutiféer substantially in currentlyadopted
approaches. Thag, currentsystemsadapt certain pre-determined constituents, based on a set
of certain predetermined determinants, through the usspedific rules, inorder to meet
prespecified goals.



This approach has several drawbacks. The adapywvigess is noflexible, and thus cannot

be easilytransferred between applications: ahly some of theadaptivity constituents,
determinants, goals, or rules need to be modified, theradaptivity process has to be
redesigned. If, forexample,the user’sabilities are notincluded inthe set ofadaptivity
determinants of a particular application, their subsequent incorporation in an alternative
version of the application that aimsaddress the requirements of people wjthacial needs is

not straightforward. Also, thenterface designer is giveminimal support for thedevelopment

of IUls, as theadaptivity process needs to be designed for eapplication almost from
scratch. Theverall result is thathe requirements cfeveral user categories, aggpecially of
people with special needs, are not met.

In order toassist the development of IUIs that address the requiremesgserhl application
domains anduser categories, new methodologies and tools need to be develdpell,
comply with the following key requirements:

« enable the customisation of the set of adaptivity determinants and constituents;

« enablethe incorporation of theadaptivity goals as an integrphrt of theadaptivity
process;

- enable the modification of adaptivity rules, according to the goals of adaptivity.

The existence of sudbols will assist the development of adaptive interfaces, thus address the
accessibilityand usability problems othe population at largencluding people withspecial
needs. Such a methodology is proposed infdlhlewing, which addresses thadaptivity of
media and modalities tthe requirements of the interaction, acmimplies withthe above
requirements.

3. A METHODOLOGY FOR THE ADAPTIVITY OF MEDIA AND
MODALITIES

In the following, a methodology igpresentedwhich addresses adaptivity #tie media or
modalities level. A more elaborated presentation of the proposed methodology can be found in
[Karagiannidis 95a)].

3.1. Definitions and Notations - The Adaptivity Design Space

As alreadystated, thedaptivity process is achieved through the selectiomstances of the
adaptivity constituents, based ome state ofadaptivity determinantshrough the use of
adaptivity rules. Ashe methodology addresses Huaptivity of media and modalitiethe set
of Adaptivity constituents is defined as

M ={my, m, ..., m} the set ofavailable combinations of mednd modalities, according to
the configuration of the system

The set ofadaptivity determinants is divided the setcomprisingthe characteristics of the
information content, and theset comprising all the other aspects of the user-computer
interaction that are considered significant for a particular application:



[={i1 02 ..., |} the set of adaptivity determinants that are considsigrdficantfor the
particular application and are related to the Information content

IC ={icy, icy, ..., IG } is the set ofadaptivity determinants thate consideredignificant for
the particularapplication andare notrelated to thelnformation
content

Thus, the adaptivity process is abstracted as shown in Figure 2.

Figure 2: The Adaptivity Process following the notation of our approach.

The triple(IC, I, M) constitutes thédaptivity DesignSpace (ADS), and defined according

to the requirements of a the particudgoplication and usegroup. Consequently, theet of
adaptivity rules must be develop&dichrelates instances tiie IC and | spaces iostances

of the M space, and is depended to the goals of the adaptivity. A methodology for the
development of thiset,which is called arheory of Media and Modalities the context of

this paper, is proposed in the following.



3.2. Theory of Media and Modalities

Following the above notation, a Theory Bfedia and Modalitie§TMM), would be a subset
of the Adaptivity Designspace, that is a set afiples, selecting adaptivity constituents
instances (M space), based e characteristics of thadaptivity determinant¢§lC and |
space):

ADS O TMM = { (ic, i, m) /icOIC,iOl, mOM}

The development of a TMM tailored to the requirements of a partiapfaicationmay be a
demandingask. Consultingthe guidelines fronthe relevant literature isot sufficient, as the
requirements of the specific application are not taken into account. Also, asnTdyibbntain
several elements, it is reasonable to afisestlesigner in its developmefRor this reason, we
break theoroblem of developing a TMM intemallerones, by the introduction of the concept
of Partial Theory of Media and Modalities.

3.2.1 Partial Theory of Media and Modalities

A Partial Theory of Media and ModalitiéBTMM) is a subset of TMM, based on subsets of
the Adaptivity DesignSpace. Thus, if the ADS is the one of the previous chapter, we may
have PTMMs ofthe form PTMMcaviities,lurgency P TMMicioad,inature €1C. Developing PTMMs is
easier that developingVMM. Thus, theproblem of developing a TMM is transformed into the
problem of combinind®TMMs into a consistent TMMThis problemmay bethought of as a
problem of combining multiplknowledge bases, or as a ltiple criteria decisionmaking
problem. Based on thelative literature ([Bara®1], [Zeleny 82]), wehave developed such a
methodology, which is presented in the following. The methodology has formbdsistor a

tool, currently under development, which assist designers in adapting media and modalities.

3.3.  The Proposed Methodology

The steps of the methodology dmefly presented in th&llowing. A more comprehensive
discussion can be found in [Karagiannidis 95b].

In the first step, the designer specifies the Adaptivity Design Space, that is I§pacassd M,
according to the requirements of thpecific application andiser group Additionally, the
designer provides the attributes for eadbment ofthe M space (e.g. (textjisual) has
attributes such as font, size, background and foregrooiwd, etc,while (text, auditory) has
attributes such as volume, speed, pitetc). Inthis way, the adaptivity determinants and
adaptivity constituents are tailored to the requirements of the specific application.

In the second step, tliesigner specifiehe set ofPartial Theories of Media and Modalities.
Each suggestion provided by PTMMs refers botmealia and modalities, agell as to their
attributes, andnay berelated to the current state of tmlogue (i.e.not currentmedium).
Each suggestion provided by a PTMM is attached a seeightingfactors W = { w, w;, ...,
wy [ Wi, Wo, ..., W, O (0, 1] }, which represent its relative importance, accordingeweral
interface qualitiesThatis, wi may indicatehe significance of asuggestion with respect to the
efficiency ofthe system, while wmay indicatéhe ease-of-learning. lthis way,the adaptivity
goals are incorporated into thdaptivityprocess. It should baoted that, if thenethodology
is to be realised into a design assistant, default values could be providéat the weighting



factors, aswvell asfor the elements othe adaptivity design space; in this catiee designer
need only modify them according to the requirements of the application.

Consequently, the designerders the set of PTMMSs, in order tesolveany ambiguity or
conflict thatmay arise betweenwo suggestions that hawbde same weightingactor. The
ordering is, ofcourse, related to theelative importance of eadATMM, according to the
requirements of the application.

In the fourth step, constraints on tbemposition of media and modalitiese introduced,
according to the requirements of the application. Each constraint is attached seitlof
weighting factors, similar to the ones attached to the suggestions of PTMMs.

Finally, the suggestions given by each PTMM are combined for each instance of the Adaptivity
DesignSpace. Theombination depends dhe weightingfactor of each suggestion. Asach
suggestion has attached a wheét ofweighting factors, however, theombinationmay be
realised in several ways, such as lexicographic combination (accorditige ti@alue of a
specific weightingfactor, e.g.efficiency), mean value combinatiqaccording to thenean

value of the weighting factors), variance combination (according tbe variance of the
weighting factors for each suggestion), etc. In this wiye designemay incorporate the
trade-off of adaptivity goals that is desiredtire particular application. Consequently, the
combinations thaaireincluded inthe set of constraints are removead thefinal TMM is
produced.

3.4. An Example Scenario of Use

Let usconsider the case of multimediabrowser application thagupportsaccessibility to
three user categoriesamelythe ‘averageable bodieduser,slightly cognitive impaired users
and blind users. The adaptivity determinants,tesated by oumethodology, arelassified
under the Interaction Context and the Information Content spaces (IC and | respectively).

More specifically, the IC space is constructed from the following determinants:

« cognitive user load (set under the generic class of user load)

« perceptual user load (set under the generic class of user load)

« motor user load (set under the generic class of user load)

« motor movement (set under the generic class of user input / output channels)

« speech articulation (set under the generic class of user input / output channels)
« conception of visually presented information

e EIror proneness

For this specific exampldhe sets are considered discrete. graularity ofthe sets depends
on the intentions of the designer; if two- or three-value seatessed, the computation of the
methodology is much simpler, while, tme othethand, theadaptivity rules to be derived may
be ‘apospasmatic’ or odd.

The | space under consideration is assumed to be the following:



« urgency of information conveyed
« media related nature of information conveyed (e.g. temporal, spatial)
- criticality of information conveyed

The set of adaptivity constituents M considered for this example is:

-« text presented in tactile, auditory or visual form, where the laitsr be either in plain
visual form, or in enhanced visual, i.e. graphical fognphicallyformatted teximay be
accompanied with auditory effects such as cspscialsounds, etc, or visual effeatsg.
blinking frames;also, textmay bepresented irfull extent, shortened or annotatedth
embedded hypertext links;

« graphics presented in non-temporal fqerg.images), or temporal format, eanimation
or video.

The next step in thapplication ofthe methodology is the construction of PTMMsth
respect to the particuladaptivity goalgposed by the designer. The absti@taptivity goals,
e.g. ease-of-use @fficiency,are mapped intcahgible suggestion®r the use oimedia and
modalities,through the use aieightingfactors that refedirectly tothe goals. Fomstance,
suggestion to use auditory text in the case of an abstfaciation typemay beattached
with a large value for the weighting factor that refers to perceptability.

The combination ofhe different suggestions provided by PTMNty each instance of the
DesignSpace is based on these weighfexgiors. As each suggestion is attached wisletaof
weighting factors, each one referring tepeecific interface ‘quality’the designer isnabled to
incorporatedesign trade-offs. The designeaynfor example,maximisethe efficiency of the
system, by selecting the suggestions for which the relevant weidghttay is strong, ofind a
particular trade-off between efficiency and user satisfaction.

In the context of the selecteapplication, adaptivity scenarios affettie presentation of
information as well ashe interactioormeans provided tdéhe users. Thdinal result of the
methodology might be a set of rules that imply:

- if the user should be alerted, then the seleniedia and modalities should be different
that the most recently used ones;

+ textual information should be provided, if possible, in shortenedaeextendedorm,
when considering efficiency as the prominent aspect;

« hypertextlinks should not span in depth of more than offevel, i.e. there should be
avoided the presentation of hypertext links at a level more than the initial;

- simplification i.e. flattening of 3D and stereo audio should promoted;

- ifablinduser is exploringnformation in tactile form, newncoming information should be
introduced in auditory form and vice versa,

« blind user’s alert should be provided with use of auditory cues;
« subsequent user alerts should be distinguished with use of different sounds;



« if for an error pronélind userhis /her motorchannel is currently busy e.pe user reads
tactile information, then any auditory message should concurrently desablgut by the
user for preventing errors;

- if the user’s perceptual load is considered low laasl moderate to lowmotor movement
ability, then use of the auditory modality is preferred

The result of thepplication ofthe methodology is thprovision of aset ofadaptivity rules,
which are based on the particular setsaofptivity determinants, constituents and goals.
These rules might subsequently lbsed by a highelvel user interface development
environment, irorder toprovide a user interface thdynamically adpts to the requirements
of the interaction.

As it is evident fromthe abovediscussionthe proposed methodologgyomplies with the
requirements identified. It enabléise designer taspecify the adaptivity determinants and
constituents that argignificantfor the particular applicatiorfzor instance, in the case of an
air-traffic control application, the user's expertise newt to be mdelled inthe set of
adaptivity determinants, dbe user is expected to be expert; on the dtlaad, the user’s
expertise is ofignificantimportance when considering an information system that is to be
used by thegeneral public. In thicase, the designenay model thisaspect in the set of
determinants. Additionallythe media and modalities to be employed, whach theadaptivity
constituents in the methodologynay also be specified bthe designer, for each particular
application.

Also, theadaptivity rules can be tailored accordingthe goals that the designershes to
incorporate. Following the proposed methodology, th#esigner may optimise several
‘qualities’ of interaction, such asfficiency, number oferrors, or usesatisfaction, or any
combination of them.

In this way,onemaydesign auser interface that adapts its behaviowrtberto, for example,
maximisethe efficiency ofuser for an expert usaminimisethe number oferrors for anovice
user, etc. As a result, tlaelaptivity process is tailored to the requirements ofapplication
domain and user category, thus significantly promotes the ‘design for all’ principle.

4. DISCUSSION AND CONCLUSIONS

Adaptive behaviour constitutélse central characteristic @itelligent User Interfaces. ltinis
paper wehave been concerned with certattributes of theadaptivity process,namely
adaptivity determinants, constituents, goals, and rules. We itdengfied the requirements
that have to be met bthe attributes of theadaptivity process, in order to address the
requirements of several application domains @aser groupsAlso, we have presented a new
approach to thadaptivity atthe media and modalities level, which complies wtitle above
requirements.

It has beerargued, that thprovision of methodologies artdols thatassist thelesign of the
adaptivityprocess andomply withthe identified requirementsnay substantiallypromote the
development of Intelligent User Interfaces, thus promote the ‘design for all’ principle.

The proposed methodology has forntbeé basisfor a tool, currently under development,
which assists the designer in the allocation of media and modalities, in the context of intelligent



user interfacesSincethe methodologyasnot been developetbr the purposes of specific
user interface developmeatnvironment such as a speciidMS, its implementation into the
above mentioned toshay beintegratedwithin a development environment withe addition
of the necessary communication protocols and interpretation modules.

As far as thecommunicationprotocols are concernedgssues related tehe timing of the
adaptivity need to be identified, i.e. whetki®e adaptivity modules communicate directly with
the Ul part of the applications, or a shared space a.k.a. blaclkbastsiwhere updates of the
adaptivity constituentsre placed. As far as the interpretatimodulesare concerned, the
application ofthe methodology requiresxplicit identification ofthe interface components to
be adapted i.e. the adaptivity constituents should either reflect original enttirespefrticular
interface technology platform or be mapped to a series of entities of it.
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