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Standards are fundamental to any rigorous form of communications and are used in
every civilization. Given that mathematics provides a rigorous way to understand very
basic phenomena, this paper explores the mathematical basis of standards. Five
successions of standards are identified from pre-history to the present and mathematical
models of each are presented. These mathematical models more rigorously define the
standards successions proposed. The impact of these standard successions on existing
standardization issues is examined.

standardsiecessary?At SIIT 2001,Krechmer(2001) proposedo answerthis questionusingsettheoryand

informationtheory. The currentpaperbuilds on that paper. It developsa philosophicalbasisfor technical
standardsmodelsthe mathematicatelationshipbetweenstandardsnd entropy,andidentifiesfive successionsf
standards.

The term "standard"often refers to publisheddocumentsor the output of specific standardization
committees. This is an applicationview of standards.This paperfocuseson a conceptualiew of standards.A
standards definedas: A codificationfor a societyof the constraintsusedfor one or more comparisonsdetween
implementations.This definition is takenfrom Krechmer,2005which discusseprior definitions of standardsand
the rational behind this definition. Standardizatioris the term usedto refer to the application of creating,
implementingor usinga standard. This paperconcludesy usingthe new conceptuamodelsof standardgo better
comprehend the impact of standardization on society and technology.

The ubiquity of technicalstandardsn all humansocietiesarguesfor a rigorous understanding why are

Developing a Rigorous View of Standards

The ideathat thereshouldbe a rigorousbasisfor standardss derivedfrom a basicpremise. Kant (1800)
first developedheideathata comparisoris necessaryor anyform of understanding Any communicatiorrequires
commonagreementgoften termedstandards).Eachcommunicatiorrequiresa comparisorin the receiverbetween
the transmittedsignaland a reference. The references an agreemenbetweenthe transmitterandthe receiver;in
public communications systems this reference may be a standard.

As example,in the courseof reading,a word appearsof unknown meaning. The readerrefersto a
dictionarywhich definesthe relationshipbetweenwordsandtheir meanings. Assumingthatthe authoralsousesa
similar dictionary,the readerdooks up the unknownword. Uponfinding the sameword (a comparison)the reader
now understandshe meaningof the word. This threephaseprocessapply commonreferencecomparereceived
signal to reference, and identify signal, occurs in any communications process.

For communicationdo occur,any transmitterand receivermusthavea commonreferencewhetherit be
basepairsin DNA (the bondsbetweenthe basepairs A-T and G-C provide the reference) humanlanguage
(dictionariesandformal syntaxmaintainthe reference) ASCII charactersspecificfrequenciesyoltagesor common
protocolsbetweena transmitterandreceiver. In the lastfour examplesthe referencas maintainedusing published
documentswhich may be termedstandards. In all of theseexamplesand all other communicationsystemsa
specificrelationshipbetweerthe transmitterandreceiveris usedasa referencgby the receiver),which providesa
basis for comparison, which makes communications possible.

Shannorand.Weaver(1963)offer a moretechnicalview of this threephaseprocessn Theorem8, which
offers the statementO...thesystemof constraintgis] consideredasa channel...OFigure 1 showsthe relationship
betweena systemof constraintsand a communicationsystem. Figure 1 identifiesthat the systemof constraints
includesaspectof the transmitter the receiver,andthe transmissiorink. Figurel is takenfrom Shannonand.

! A version of this paper titledModeling System Variatigiwas presented to International Conference on Informatics in Control,
Automation and Robotics, under the topic area System Modeling, September, 2005.



Weaver(1963), with the addition of the dotted OSystenof constraints@nd a changeof the word Ochannel®
OTransmission link.O
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Figure 1. Communications system.

Figure1l is the classicmodelof a communicationsystemwith the additionof the systemof constraints.A
technicalstandards the referencethat is requiredfor communications. The systemof constraintsin this model
providesthe referencefor a communicationsystem. But a more completeview of the systemof constraintsis
needed to understand the concept of standards.

Model of an Information Channel

The systemof constraintsincludesthe agreementshat constrainthe transmissiorlink, transmitterand
receiver(entities)and the implementationof thoseentities. Thus ShannonO@systenof constraints@onsistsof
multiple setsof constraints. When desiredby a society, the definitions of the systemof constraintsbecome
standards.Implementation®f suchstandardsreatethe information channelandenablecommunications.In this
manner,standarddefine the boundsof the communicationsystem. The standardizedmplementationsof the
transmission link, transmitter and receiver are then limited by these bounds.

Figure 2 presentsan informationchannel(Abramson,1963) consistingof a transmitterof alphabetA with
elementsg andtotal elements and a receiverof alphabetB with elementsh; andtotal elementsr. In orderfor
communicationgo occur,the transmissiorlink constraintsaretakeninto accountin the choiceof alphabetsA and
B.

A pre-existingcommonset(the referenceor standardmustexistbetweeralphabetA andalphabe prior
to the elements(by) of alphabetB having on averagea high probability relationship(communicationsith the
elementga) of alphabetA. Without sucha fixed commonset (during datatransfer),Othecomparisoris between
apples and oranges.O This pre-existing common set may be sseh aiscanstraintsS.
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Figure 2. An information channel.

If alphabetA andalphabeB arerelatedby the existenceof a commonsetof constraintsS, thenthereis a
commonsetof g andb; elementsmumberingn,andS=A! B. WhenS=A! Bthenn" rort. S>0andS=A
I B arethe constraintsthat makespossiblean averagehigh probability relationshipbetweena, and b; during
communications.



The setof constraintsS existsbecausef a standardvhich may havebeencreatedoy accidentassumption,
conventionor market(spontaneousrder),or by fiat, regulationor committee(madeorder). Standardizatioris the
term often used for the process of creating a standard by made order (Hayek, 1973).

An exampleof an information channelis a humantransmitterusing the 26 letter English alphabeta
throughz; anda humanreceiverusingthe samealphabeta throughz. Oneconditionfor errorfree communications
is thatthe humansusea commonalphabet. This conditionis a setof constraintsconsistingof the 26 pairsa anda,
b, andby, .... z. andz. Usingthis setof constraintsonerequiremenfor humanscommunicationss met. Without
sucha commonset(beforecommunicationsho referenceexistsandno comparisonsare possible. Whenthe same
26 letter alphabetsare usedby eachperson,communicationgan occur. The entropyof specific lettersor letter
groups used may then be calculated.

The setof constraintsshownin Figure 2 is congruentwith the systemof constraintsshownin Figure 1.
This indicatesthat the modelin Figure 2 offers the basisfor a more completedescriptionof the boundsof a
communications system.

Relating Standards to Entropy
As describedabove,standardslefine the boundsof the information channelincluding the transmitterand
receiver. Describingthe relationshipbetweenthe transmitterand the receiverthat enablescommunicationdirst
requiresa descriptionof eachof the entities. Figure 2 modelsthe transmitterandreceiverastwo setsA andB.
Using information theory the simplest possible description of the information in a single set (A) is:

=n
H(A)="1 p(a)log p(a)
i=1

The equationabovedescribeghe entropy(H) of setA. The maximumlimit of H(A) is log n, which occurs
whenall the probabilitiesof & areequal. As such,log n representshe boundof the setA andH(A) approachethis
boundasalimit. Thisis afundamentapoint: thelogarithmof the numberof membersf a set(thelimit of the set),
plus the descriptionof the set(in this case,set X with discreterandomvariablex;), completelyboundsthe setin
informationtheoreticterms. The combinationof the setdescriptionandlog n is the basisof comparisorof setA, or
a standard - if codified by a society.

The informationchannelshownin Figure 2 identifiesthe two alphabetsequiredfor communications the
transmitterand the receiveralphabets. Assumingthat thesealphabetsdefine only the coding, other necessary
parameter®f the transmitterandreceivermay include bandwidth,initialization, synchronizationtraining, framing,
error control, link layer protocol, sessiorlayer protocol,etc. The descriptionof theseadditionalcommunications
parameter®ntailsadditional setsof constraintswhich are supportedacrossthe information channel. The bound
over all setsof constrainton a specificinformationchannel(wherex is the total numberof sets),S; is definedas
#, log n.. Whena societyagreego makethe boundsof aninformationchannelcommon,a similarity standardone
standardssuccessionfor multiple independentransmittersand a similarity standardfor multiple independent
receiversaredefined. A compatibility standardanotherstandardsuccessionyvhich includesmemberof boththe
transmitter and the receiver sets may also be used as the definition of the bounds of the information channel.

Standards Successions

Whiteheadand Russell(1910) proposedthat all of mathematicanay be derivedfrom settheory. The
informationtheoreticmodel of standardslevelopedaboveis expandedn this sectionto showthatthe successions
of standardsrealsobasedon settheory. In Krechmer2000,the historicalcontextof thesestandardsuccessions
identified.

A hierarchyof standardss shownin Table1. For the remainderof this paperthe term standards used
without consideringwhetherit hasbeencodified by a society. Table 1 identifies five successionsf standards
baseduponthetype of elementsetor groupof setsthe standardslescribe. It is expectedhatadditionalstandards
successions beyond the five noted will be identified in the future.



Standards succession Logical view Defines
Symbol Element of an abstract set Relationship
Measurement Element of a physical set Physical quantity
Similarity Multiple sets (MS) Entity
Compatibility A preexisting relationship between MSs Relationship between entities
Adaptability A negotiated relationship between MSs Negotiation between entities

Table L The successions of standards.

Symbol Standards

The first successiorof standardds symbol standards.A symbol (e.g.,a letter, a number,degreesof a
circle, or the mathematicabymbolsplus[+] andminus|-]), derivesits meaningonly asanelementin thatset. As
example,in the two elementset of mathematicasymbols,the set must be describedin orderto understandhe
symbol; a numericaldigit is completelydescribednly whenits base the descriptionof what setthe digit belongs
to, is also described. Figure 3 uses Venn diagrams to describe the relationship of an element to a set. In Figure 3,
eachsymbol(g) or elementtotaling n in the setA appearsasapointin A. If setA hasalimit (numbersystemsio
not), the limit is shown as lim A. Symbols by definition have no variation.

Set A

Symbol or
Element

Figure 3. The relationship of an element to its set.

Measurement Standards

The next successiomf standardsmeasuremengtandardge.g.,the setsof units that quantify time, space,
matterandall combinations)definephysicalproperties. Examplesncludethe pound,meter,volt, or musicalscale.
The implementatiorusedto measureor producethe units limits the size (e.g.,the lengthof a ruler) andgranularity
(e.g.,smallestweighton a scale)of a setof units. The smallestincrementof a unit recognizedby the measurement
systemrepresentsin element(a) within thatmeasuremerget. A balancescaleis animplementatiorthat quantifies
weightto the smallestincrementsupporteda = 1/n) and compareghe weightsof entitieswithin the total rangeof
incrementgn) it supports. Someunits (e.g.,decibels)havenon-linearincrementsput the sameconceptapplies.
Hartley (1927) proposedhat the maximuminformation possiblein n selectionss boundedby log n. In Figure4,
the dottedcircle representshe maximumpossibledata(log n) of the implementation(balancescale,ruler, gauge,
etc.)thatis usedto measurdo a granularityof 1/n units=g. The variationamongmultiple measurementsiay be
calculated statistically.
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Figure 4. The relationship of a measurement implementation to a unit of measure.



Similarity Standards

Eachsimilarity standards the sumof multiple setsof constraints.A similarity standarctonsistsof oneor
more setsof constraintsconsistingof symbol standardsmeasuremenstandardsand/orother similarity standards.
Whenthe numberof setsof constraintds x, the total informationin a similarity standards !  log n,. The rangeof
animplementatiorof a similarity standardnustbe equalto or lessthanthe maximumrangeallowedby the!  log
ny (Figure5). A roadsign or othercontrolledsafetysign, the mathematicakignsotherthanplus and minus,and
manycommonindustrial products(nail, bolt, barrel,rope,brick, gradeof oil, etc.) areexampleof implementations
of similarity standards. The specificationsfor a transmitteror a receiverare more complexsimilarity standards.
The variation among implementations of a single similarity standard may be calculated statistically.

Figure 5. The relationship of the boundsy(log n,) to the implementation (1).

Compatibility Standards

A compatibility standarddefinesthe relationshipbetweenentities defined by similarity standards. A
transmitteror receivermay be definedby a similarity standardwhich representghe boundon the rangeof its
possibleimplementations. The transmitterand receiverare eachdescribedby a similarity standardindependent
from, but relatedto, the compatibility standardhat definesaninformationchannel. The setof commonelementsof
the transmitterand receiver(setof constraintsfFigure 2) is the simplestcompatibility standard. The entropy (H)
transferred across an information channel may be calculated as described above (Relating Standards to Entropy).

As shownin Figure 2, aninformationchannelexistswhentwo similarity standard$yavea commonsetS.
Figure 6 offers the Venn diagramof this information channelwhenthe numberof elementsof the transmitterand
receiversetsareeachequalto n. Attemptingto hold & = b, = n is the normalpracticein technicalcommunications
systems.As in Figure?2 thetransmissiodink characteristicén Figure 6 areaddressedy the choiceof alphabetsn
the transmitter and receiver.

The Venn diagramin Figure 6 showsthe casewherethe transmitter(t) and receiver(r) setseachhaven
commonmemberslog a, is the boundof the transmittedentropy (H;) andlog b, is the boundof the received
entropy(H,). Theseboundsappearsconcentriccirclesaroundthe relatedentropyH; andH; MI (the areawithin
the solid line lensin Figure 6) is the mutual information transferredacrossthe information channelbetweenthe
source and the destination. Figure 6 is provided for visualization not calculation, as the shapes are idealized.

Thenlog n, thelimit of I(A; B), is the boundof the informationchannel. I(A; B) = log n canoccuronly
whenthe boundof the similarity standardor the receiver(log n) andthe boundfor the similarity standardor the
transmitter(log n) are overlappingand congruent. Figure 6 modelshow the relationshipbetweenandboundson,
H; and H; limit the maximummutualinformation. It appearghatthis Venn diagramrepresentshe simplestmodel
of these interactions.
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Figure 6. Venn diagram of an information channel and its bounds.

MB (log a,; log by), the mutualbound(thelensshapeenclosedn dottedlinesin Figure6), is definedasthe
boundof an information channel. Expandingthe equationfor Ml aboveinto separatgoint and productentropy
terms:

i=n i=n

Ml =1 p(a,b)log p(a,b)" | p(a,b)log p(a)p(bi)

i=1 i=1

Whenp(a) = p(b) = 1/n, the boundof setA for the transmitter= log n and the boundof setB for the
receiver= log n. This is the mutualbound(MB) of the informationchannel. Inserting1/n for p(a) andp(h), the
equation above reduces to:

MB =-(lognto2logn)+2logn

The mutual bound (MB) is somefraction of log n, dependinguponthe ratio of the joint entropyto the
productentropywhena = b, = n. This ratio is determinedby the noisein the communicationsystem. The
relationshipof a to b; to n, for eachset of constraintsin an actual implementation,is determinedby the
implementationof the two similarity standardgset A with t elementsg and setB with r elementsh;) and the
relationshipof thesesimilarity standardgo the transmissiorlink. Whenthe communicationsystemis noisefree
andwithout variation,p(bj]a) = 1 anda = by = n, thenMB = log n, which (alongwith the descriptionof setS) is the
bounds of the information channel or its compatibility standard.

In specificimplementation®f the transmitter receiverandtransmissiorink, & = b, = n may not be true
for eachsetof constraintsin a communicationssystem. In multiple implementationf an actualinformation
channelsuchperfectionis rarely attained. Theremay be a differencein the numberof elementsf the transmitter
set(a), or receiverset (b)) causedby variationin the implementatiorof the similarity standards.Suchvariation
(V), which is independenbf noise,is causedby errorsor misunderstanding the related standardsor their
implementations.Variation (V) = |log b; Plog &| for eachparameteset. In anefficient communicationsystemlog
b, " log a. Thesumof thevariationof all the parameter$x) in acommunicationsystemis # V, for x =1tox. As
p(bila) goesto 1, Ml andMB increase.As V goesto zero,MB goesto log r asa limit, the maximumefficiency of
the communications system.

The conceptof V proposedioesnotincludethe variationallowed (by design)within a tolerance. Allowed
variation,whenoutsidethe allowedtolerancejs considereda fault. Variation (V) may be causedy differencesn
similarity of: timer specificationspuffer sizesor revisionlevels(whenthe revisionsmodify the numberof elements
in any setin the systemof constraints)andalsoby differentoptions,or protocolstacks,or changeghat modify the
number of elements in any of these sets.

Whenmulti-layer transmittersaandreceivershavea variationsomewheren the systemof constraints# Vy
may existasa reductionin the maximumpossibleMB. As communicationsystemsecomemore changeabland
complex,the value of # V, is increasingdueto compatibility variation. A new standardsuccessions emerging
which offers the means to address this problem.



Adaptability Standards

Complexcommunicationsystemautilize multiple layersof compatibility standardge.g., protocols)each
of which may exhibit compatibility variation. For applicationto applicationcommunicationgo be efficient, the
sum of the total communicationsystemvariation (# V) mustbe controlled,otherwiseMB may be significantly
reduced. The# V, is very difficult to calculatein multi-protocollayer systemswith time-independenprocesses,
and testing all possible variations is often not practical.

To ensurethat complexcommunicationsystemsunction properly at the applicationslayer, adaptability
standardsnay be employed. Adaptability standardsare a deterministicmeansto maximizeMB . Suchstandards
definea fully-testableindependenprotocol (from the dataand/orcontrol layer protocols)whosesole purposeis to
negotiateamongthe parametergall setsof constraints)at the transmitterand receiverto selectthe commonsets
known to fulfill the requirementsnecessaryfor a specific application-to-applicatiorcommunications. This
capabilityis termedadaptabilityandthe standardshat defineit aretermedadaptabilitystandards.An independent
protocol,termedan etiquette(a protocolusedto supportadaptability),is one meansto negotiatethe ability to pass
dataor control. An etiquetteonly negotiatesit doesnot itself passdataor controlinformation(i.e., no otherlayered
protocol is terminated by the etiquette).

In a communicationsystem multiple pairs of similarity elementgusedin multiple layers)existto define
a multi-layeredcommunicationsnterface. Changego the similarity elementsf the transmitteror receiveror their
implementationsnay createelementshat are not containedin the MB of a specificlayer or reducethe MB of a
differentlayer (e.g.,by changinga buffer sizewhich might reducemaximumpacketlength). Suchchangesrethe
causeof compatibility problems. When changesto the multiple compatibility standards(# MB+, the new
compatibility standardsprea supersedf the previousmultiple compatibility standard¢# MB), then# MB remains
constantbor increases.However,maintaininga supersetn multi-layer compatibility standardss problematic. The
ability to identify a supersets madepracticalby requiringthatan etiquette a singletree structuredprotocol (which
may be expandedut will alwaysremaina superset)first negotiatebetweenthe compatibility standardsandtheir
parameterst differentlayersof the OSI model (X.200) to identify and selectimplementationghat are sufficiently
compatiblefor the desiredcommunicationsapplication. The etiquettecan perform sucha negotiationbasedon
knowledgeof the desiredapplication, existing compatibility standardsor even known Obugs@sing specific
compatibility standards in that application.
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Figure 7. A multi-mode system with one etiquette

Figure 7 showsa multi-mode communicationsystemconsistingof threeindependentransmitterand
receiversetsand one independenttiquette. Communicationds possibleusing any one set of the compatible
transmittersandreceivers. The etiquetteshownin Figure7 is usedto negotiatethe "best" transmitterandreceiver
set for a specific communicationsapplication. In this example,larger S, which offers more possible
communications states, is considered better.



In Figure 7 transmitterset A andreceiversetB arecompatible. TransmittersetC andreceiversetD are
compatibleand equal (in the numberof states)to transmittersetE andreceiversetF . TransmittersetE and
receiversetF havemorestatesthan A andB. In this examplenoneof the otherpossiblesetsare compatible. In
this caseit is mostdesirablefor the transmitterandreceiverselectedor operationto be E andF or C andD. Figure
7, without the etiquette,could alsobe viewedasa modelof a 2G or 3G tri-mode cellular mobile and cellular base
station. Figure 7, might also be viewed as a model of a multi-mode software defined radio (SDR).

Therearetwo possiblewaysto selecta compatibletransmitterandreceiverin the systemshownin Figure
7. Onethat doesnot utilize the independenttiquette,called a selectionmechanismand one that does,calleda
negotiation mechanisifetiquette).

A selectionmechanisndoesnot usethe independenttiquetteor any other negotiationmechanismeach
transmittertransmitsa signal (non-interfering)and eachreceiverin turn is turnedon to sensethe relatedtransmit
signal. The sequencef the transmittedsignalsdetermineghe priority of selectionof a specific transmitterand
receiver in the multi-mode system. This approach has several problems:

1. Sincethe transmitterandreceiverarenotin prior communicationsthe two multi-modesystems
(transmittersandreceivers)are not initially in synchronization. This may increasethe length of
time needed to establish a main channel connection.

2. Given the variation of signal strengthand interferencein an operatingenvironmentthe three
multi-modereceiversmay not reliably find the compatibletransmitterin all cases. Alternatively,
a multi-modereceivermay identify a compatibletransmitterin all casesbut this may requirea
significantly smallerservedareaper multi-modereceiversystemand/ora longertime to establish
the connection.

3. Consideringthe further complicationthat the multi-modereceiverdoesnot know which of the
three multi-mode transmittersmay exist in any multi-mode transmittersystem,it may not be
practical to always select the better compatible sets E/F or C/D over the less desirable set A/B.

4. Sincethe performanceof S, and S; are equal,the selectionof one might be basestationchoice,
i.e., basedon the loading of the two communicationsystems. Alternatively, it could be mobile
stationchoicebasedon the users'contractualarrangementge.g.,lowest costservicepreferred).
Such negotiation is not possible using a selection mechanism.

A negotiationmechanisnrequiresan etiquetteor similar mechanisnto shuttlebetweenthe endsfor the
purposeof negotiatingthe "most compatible"dataand control protocols. An etiquetteutilizes an independenbi-
directional communicationschannel,operatingat a much lower datarate than the main channelsolely for the
purposef discoveryand negotiationof compatiblesets. In additionto avoidingthe disadvantagesf a selection
mechanism, the advantages of the negotiation mechanism are:

1. Thelow datarate of the etiquette(comparedto the main channel)meansthat its performance
(assuminghe samepowerlevel asthe main channel)doesnot reducethe coverageareaor require
a long synchronization time.

2. Either end systemcan negotiatewhich transmitter/receivesetto usewhendifferent compatible
setsareavailable. In the caseshownin Figure7, the mobile and/orthe basestationcanselectfor
sets C/D or E/F as they offer equal performance.

3. Negotiationcanalsooccurdownto therevisionlevel. Wherecompatibility problemshavebeen
identified in specifictransmitter/receivesetswith specificrevisionlevel combinationsthe most
compatiblesetscanbe negotiated. This may be a moredesirablecapabilityin SDRsasthe SDR
concept makes rapid change practical, with an attendant increase in compatibility issues.

4. The useof an etiquetteprovidesa troubleshootingnechanismwhena transmitterand a receiver
do not establishmain channelcommunications. When no commonprotocolsare availablefor
main channelcommunicationsthe differencesidentified by the etiquettecould determinewhat
other protocolsare necessary. Future systemscould evenautomaticallyaccessthe necessary
protocols (e.g., by using the Internet) to establish main channel communications.

Etiquettesare usedin someexistingcommunicationsystemge.g.,G3 fax T.30, telephonemodemsV.8,
digital subscribeline transceiverss.994.1 ExtendedMarkup Language[XML], Sessionnitiation Protocol[SIP]);
their propertieshavebeenexploredin Krechmer(2000). But the value of etiquettess not widely understood.As
example,the 3G cellular standards)MT-2000, definesfive different communicationgprotocols. Currently the
meansof selectinga specific protocol stackis left to the designer. Existing multimodecellular handsetandbase
stationssensethe strongestsignal and give priority to highergeneratiorprotocolsover lower. Suchhandsetand
basestationssupportprotocol selection,but cannotsupportprotocol negotiation. For a spanof time, different
protocolstackswill be usedin differentgeographi@areasandthe negotiationthatan etiquetteenableds of little use.



Eventuallyhowever,multi-mode cellular handsetsaand basestationswill appear;thenan etiquettebecomesmore
important,not only to negotiatearoundincompatibilitiesthat emergeas more independentmplementationsand
revisionsof the communicationstandardexist, but alsoto allow the serviceproviderto selectthe protocol that
optimizessystemloadingor optimizesgeographiacoveragepr to allow a userto selectthe protocolthat offers the
besteconomicperformance.The useof adaptabilitystandardsuchasetiquetteds a systemarchitecturechoicethat
significantly enhances the long term performance of a complex communications system.

Improving Communications Standards and Standardization

The model of standardsuccessionpresentechereand their logical basisappearto be a way to better
understandtandardsindtherebyaddresstandardizatiossues. Communicationstandardsnay now be identified
as compatibility standardg\when used)and their related similarity standards. Compatibility standardsare a
descriptionof the commonalitybetweentwo similarity standards. Since fewer standardgo describethe same
entitiesresultsin lesspossibleconflicts, creatingcompatibility standardge.g., cellular air interface)aswell as
similarity standardge.g., cellular mobile stationand basestation)is more problematic. Protocolstandardsvhich
describe a transmitter, receiver and interface in a single document are the least problematic.

The differencebetweensimilarity standardsind compatibility standardss subtlebut significant. In order
for interfaces(implementationsvhich may be definedby compatibility standards}o be as generalpurposeas
possible,compatibility standardsshould avoid (when practical) defining aspectsof the transmitteror receiver
relatedto similarity. For example,an electroniccircuit compatibility standardshouldspecifythat voltagesabovea
thresholdaretrue, not whatthe voltageshouldbe. Specifyingthe thresholddescribesompatibility. Specifyingthe
actual voltage describes similarity.

The impactof intellectualpropertyon compatibility standardss far moresevere(on the end-userthanthe
impactof intellectualpropertyon similarity standards.Controlling an attractivedesignor featureof a product(e.g.,
a clam shell cellular phone)allows the userto chooseto pay for the attractivedesignor feature. Controlling
compatibility createsa chargethat all users must pay to use the communicationssystem. Perhapsthe
standardizatiorprocessshould include a considerationof the total cost of such a ubiquitous chargewhen
considering the value of a controlled technology in a compatibility standard.

Standardizedalgorithmsfor compressioror coding (e.g., space voice, still and moving pictures)are a
form of compatibility standardsasthe algorithmis a commonconstraintin both the transmitterand the receiver.
Intellectual property rights (IPR) on suchalgorithmsare beginningto causemarket fragmentationratherthan
marketstandardization.As example the Chinesegovernmenhasproposedhe useof incompatiblevariationsfor
DVD, cellular CDMA and 802.11 standards, possibly to avoid IPR costs.

Thereis a broadtrend towardsmarketled standardizatiorin both formal and consortiastandardization
committees. Consortiaoften addresdPR in compatibility standardsy requiring cross-licensing. Such policies
discriminate againstnewer market entrants,who have not developedsignificant IPR portfolios. Formal
standardizatiororganizationscurrently avoid IPR cross-licensingssuesby only requiring reasonableand non-
discriminatoryterms(RAND). Recognizingthe negativeimpacton internationaland nationalstandardof IPR on
compatibility standards,independentof similarity standardsall standardizatiororganizationsmay wish to
reconsider their policies on the inclusion of IPR in compatibility standards.

Recognizingthat compatibility variation should be minimized is anotherstep toward creatingObetterO
standards. Currently many communicationsstandardizationorganizationsconsiderambiguity in standards
acceptableand resolvablein testing. As examplesaborttimersor buffersin communicationsystemstoo often
haveill definedtolerancerangeor resets. While testingis alwaysdesirablejt shouldnot be usedasa meansto
avoid more formal developmenproceduresas# V, in complexcommunicationsystemsis beyondthe current
limits of testability. Methodsto reduce# V include statedescriptionlanguage4SDLs). A rigoroustestrequires
that all states (n), where 1/n is the smallest recognized variation of the parameter, of every parameter must be testec

In a properly designedcommunicationsystemlog b, " log &. The implementationof optionsin the
transmitter(at any layer) increasest V, which makesthe existenceof suchoptionsproblematic. Whenvariability
is required,etiquettescould be usedto negotiateamongmultiple different protocol stacksratherthanhavea single
protocol stackwith options. When options exist, informative statementsn the standardregardingthe useand
testingof the optionsis helpful. As example,a receiverwithout a specific option shouldbe testedto ignore the
option request.

A lessrigorousalternativeto adaptabilitystandardor completeSDL testingwould be for communications
standardizatiorcommitteesto maintainlists by parametettype of all the individual setsof constraintsin each



compatibility standardandrelatedsimilarity standards.Automatedtestingwhenrevisionsare proposedisingsuch
lists and/or manual review of related parameters might retie

Conclusion

This paperhas shownthat standardsare intrinsic to any form of rigorous communications. That the
secessionsf standarddollow alogical progressiorrelatingbackto the mostbasicform of mathematicssettheory.
Basedon this basicunderstandingf the conceptof standardcommunicationstandard$iavebeenre-examined.
Communicationsstandardshave not beenwidely recognizedas an intrinsic part of communicationssystems
performance. This paperidentifies how the long term technicalperformanceof any communicationsystemis
strongly impactedby the standardst employs. But standardgprovide more thanjust constraints. Without them
there is no communications or choice.

OEchoiceand constraintcan coexistas partnersenablinga systembeit a living organism a languagepr
a society,to follow the arrow not of entropybut of history. This is the arrow which distinguishegastfrom the
future, by moving away from the simple, the uniform andthe random,and moving toward the genuinelynew, the
endlessly complex products of nature and of mindO (Campbell, 1983). This is why standards are necessary.
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