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Abstract

For more than 25 years, the framework of lves, Htamiand Davis (1980) for research in com-
puter-based (C-B) management information system@ddiundreds of doctoral dissertations
without yielding results of lasting validity. Thigper summarizes the more lasting results from
prior studies about the nature of informing for gti®ns (whether human or robotic) as seen
through the lens of decision-situation models. iifeelel and framework of thinking about in-
forming for operations entails fundamental concepasic distinctions; universal taxonomy of
informing factors, their qualities, and prioritietheir examination for research and practical
applications; and quality requirements for faciarform and in substance. The paper summa-
rizes the first identified principia. Informing amtformation, viewed physically, provides in-
sights that clarify several controversial issudssPpaper is presented to elicit challenge, créiqu
discussion, and suggestions in order to developtaahconsensus among those dealing with
informing.

Keywords: Informing, information, operation factors, modegmework, examination priorities,
principia of informing.

Foreword and Background

Many streams of research deal with informing, &irgardisciplinary mix: cybernetics (a study

of communication and control processes), operatiessarch (analysis of processes for decision
making), operations management, systems theorigragsanalysis, praxiology (a study of hu-
man action with regard to effectiveness and efficig, ethics, psychology, sociology, political
science, etc. The 2@entury has become known as the century of tharyhaf relativity, quan-
tum mechanics in physics, nuclear energy, eleasp@iviation, computing, and space explora-
tion. The 2% century emerges at least as the century of inféomamicrobiology, bioengineer-
ing, nano technology, and quantum computing.

Information - anythingn formthat can be communicated, similarly to faciarsubstancepper-

ates among all of the at least partially autonoryoaisting entities. Information (broader knowl-

edge as data, information, and rules of reasomidgoaoceeding) is a factor of power similar to
other resources under one’s control.

) . . T . . Studies of the role of informing, infor-
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Informing for Operations

A wide spectrum of operations exists if assessecbyplexity. At the lowest end, actions may
be purely reactive to changes of the environmech sis it occurs in physical inert objects and
primitive forms of life. At the highest end, opecais may follow sophisticated patterns of behav-
ior or reasoning, which may be related to remoteréugoals and purposes of complex hierarchi-
cal systems that consist of interacting entitied thay be complex on their own.

The more complex a system of operations is, thiedrithe leel of making decisions, the fewer
contacts decision makers have with factors of sulest; and the higher their reliance is on factors
in form, the less they are in diremintact with the reality they seemingly contradlifcal or cor-
porate leaders actually act within a virtual reatit representations made available to them by
others of influence; this was in antiquity and @w with no visible end in the future.

Despite the virtual nature of such realities, infation, informing, and operations are physical.
They are subject to the same physical laws asefteof the physical world. Operations con-
ducted by humans also manifest aspects of a psygieal, sociological, and political nature.
This paper does not understate their significantdimits its scope. The physical aspects of data,
information, knowledge, and informing in operati@mould be studied first. Only on top of solid
physical foundations one may successfully add atbpects. Informing for operations offers an
insight into the subject with results of lastingdhetical and practical validity. The explosive
pervasiveness of computing and information techmoltas obscured the fact that the ultimate
purpose of informing is to contribute to more efifee and efficient operations. A broader view
encompasses the role of information and informmgxtending our knowledge and, subse-
guently, our control of the environment. This videserves a separate study.

The presented approach to informing for operatismhilosophically grounded in the Aristote-
lian approach to quality as distinguishing featu8=hopenhauer’s worldview as interplay be-
tween “will and representation,” Nietzsche’s pertppism, the contributions of the pragmatists
(Dewey and Pierce) to the theory of inquiry, andisien making with bounded rationality as
defined by Simon (1956) and Kotarbinski (1961)idés the concept of inertial frames borrowed
from theoretical physics with the postulate of tédgical relativity of views, observations, meas-
urements, and assessments while, at the sameatiic@ynting for the quantum nature of reality
and the information that should map it one to one.

The physical approach to informing enables devetagrf a model of informing for operations
that encompasses basic distinctions, the main pbirtference, observation points, observers,
frame of reference, and a yardstick to measurdtsedine model and the related framework of
thinking is described and presented at a levebsfraction that facilitates a formal definition of
its concepts. The latter is necessary to avoid guityiin the light of the fundamental question of
computer science: “What can be automated?” (Dengifirad., 1989). Such an approach facilitates
identification of the first universal principlesathoperate as fundamental laws - principia. It sug-
gests a template for thinking, assessment, andtjzing of the examination of factors for re-
search and practical applications of informinggdaned by Cohen (1999), with the additions
proposed by Gackowski (2007b). The purpose ofglper is to elicit challenge, critique, discus-
sion, and suggestions in order to develop a mut@ensus among those dealing with inform-
ing.

For focused reading, key terms in paragraphs apelthfont, emphasis is iitalics, highest em-
phasis is underlinednd terms followed by a definition areliald italics The more formal defi-
nitions, assumptions, and logical and mathemaggpiessions are numbered.

Problem Statement

The closest proxy of informing, alas without ditg@ddressing it, is the “Framework for Re-
search in Computer-Based (C-B) Management Infooma®ystems,” by Ives, Hamilton, and
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Davis (1980). It serves as the recognized framevi@rkundreds of doctoral dissertations in
MIS.

Ives et al. (1980) claim that a major use of th@mework is generation of relevant testable hy-
potheses for MIS research. The offered examplefirooMendes’ (2005) paper titledrhe Pov-
erty of Empiricisri(p. 189). Only four (1.2%) of the 331 dissertatid'specifically develop per-
formance measures for the development, operationseoprocesses”; “descriptions have been
over used and discovery research has been undediti(lves et al., 1980, p. 930). For more
than 25 years, their framework was used for hurgdodédioctoral dissertations; nevertheless, only
a few of them, if any, yielded research resultisfing validity in the discipline. A cursory sur-
vey of MIS textbooks seems to confirm it (Gackow&K07b).

Any model that is capable of becoming a rallyininpéor a broader community of researchers
and of yielding research results of lasting vayidgihould entail an explicitly or implicitly well-
defined point of reference, observation point, Btache of reference. Research should not be lim-
ited to computer-based management information systaut, rather, should focus on how effec-
tively and efficiently management is informed byatdwver means. Such rigor is missing from the
framework developed by Ives et al. (1980)

Informing and quality of factors in operations rgqua similar approach as practiced in theoreti-
cal physics where a rigorous approach begins witkldefined point and frame of reference, a
yardstick for measurements, and the postulate rsppetivism and relativity of observations.
Such an approach challenges many deeply ingraieggsvAs entirely novel, it yielded 17 schol-
arly publications at five different forums (ICIQ; KI- 5, IRMA- 3, DSI - 1, JIQ — 1). Discus-
sions revealed that research concerning managenfierthation systems (MIS), information
quality (1Q), and informing for operations are iffstiently grounded in scientific principles. If
guality of information and informing is not assurédenders information technology ineffective
and a wasted resource. Informing, as computingesdruman endeavors; it should be assessed
from the same perspective. Such an approach, asmesl below, offers insights that identify
some universal fundamental principles of lastinligitg (principia) in this domain.

Introduction and Basic Definitions

There exists aeality, whose basic aspects include objects, events,dtiebutes, and relation-
ships. Within reality, competing subjects conduatposive operations.

Operationsare processes conducted by at least semi-autorstyraxcting humans, their organi-
zations, systems controlled by artificial intellnge, or any combination thereof, although they
may also include natural processes. Operationsiggered after a reflection and analysis of the
situation. They are subject to the competitivelatmirative, and/or adversary will of the partici-
pants. Will is a sufficient reason for action.

Elements of reality may facilitate or inhibit optioais. Afactor is anything that affects results of
operations. Factors may be in substance or in form.

* Factors in substancenay entail the three known Ms (material, machipand man-
power because methods are in form), products,svenergy, or weapons and means
in warfare.

» Factors in formmay entail methods, patterns, drawings, diagrastgmas, or represen-
tation values of reality such as data or informaflocation, time or elements of knowl-
edge- rules in reasoning and proceeding

Factors may be either available or not-yet-avadabl

* Available factorsn substancere consideretesourcesthosein formaredata
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* Not-yet-availablgor uncertain) factors still must be acquired. They be routine or
non-routine.

0 Routine factorsare known by type and role; however, they mu#itbetiacquired
or gathered. lin form, they constituteoutine information.

o Non-routine factorsare still unknown or unrecognised but of poterdighifi-
cance, such as a new invention, material, toafle@ice. Ifin form,they consti-
tute non-routine information. In operations, both are of a strategic nature and
should be assessed separately.

Processesare partially ordered networks of state transgiontransformations of factors. They
may be represented by graphs. One distinguishessses that are natural and by design. Natural
processes may be inert or evolving like life preess They differ by the type of their input and
the types of components they require to occur.

* Natural inert processeto be triggered and to happen require input factolgect to
transformation and energy.

* Natural evolving processa®quire information that triggers them and conttbksr evo-
lution (seeds, DNA).

» Processes by desigequire information about their design, and/owuiezf by their de-
sign, means of work (tools, equipment, etc.), anthanagement, and work force. With
the advances or technology and automation, wor&firgradually being displaced by
more and more sophisticated means of work and imbevices controlled numerically
or more by artificial intelligence that extendsithaesign. Process by design that requires
human work is calledrgo-transformation process

In all processes, state transitions anented toward specificoutcomes(not goals, objectives, or
purposes, which are human categories, never idriuglities of processes). Hence, they form a
graph structureas defined in the theory of sets.

Business processese processes by design that transform factons fheir initial states to their
output states. They need information about thesigeand for their control and management.
The latter require continuous informing — the flofWfeedback and control information.

Informing may and usually requirdata and information processing.he latter are processes by
design that also transform factors from their alistates to their output states, but these transfo
mations are limited to state transitions of mankshe processed substance — the carrier. The na-
ture of marks is symbolic. (Mark — “Something teagnals the existence of something else: indi-
cation, earmark, evidence, notice, sign, symptoken, trace, warning, clue, foretoken, hint, sig-
nal, mark, suggestion” - Excerpted fréxmerican Heritage Talking Dictionarygopyright ©

1997 The Learning Company, Inc. All Rights Rese)velknce, marks are factors in form for
potential use and/or replication, not to transfdien carrying substancpdper, magnetic tape,

disk, or electrons with regard to their spin in aqixam computingby them.

Operations must be managéthnagementplans, organizes, motivates, directs, supervises,
monitors, and controls operations. We need to ntaéédollowing distinctions:

* Routine managemenis charged with maintaining the current statusperations;

» Tactical managemenis charged with adjusting operations accordinth&perceived
changes of reality, with the exception of evaluatadteria, the executive decision maker,
and the purpose;
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» Strategic managemerdetermines thenain purpose of operations, theriteria of effec-
tiveness and efficiencyand thechief executive decision maker.

Managersare the driving force. They are the observing,ipg@dting, and interested decision
makers with gurposeP, as viewed by John Dewey (Magee, 2000) in his thebmaquiry,
which serves as theain point of referenceThey act within a specifitame of reference(cir-
cumstances the operations are subject to).

Definition 1: Frame of referencas based on the available knowledge. It consists o

» SN- a set of variablesii e SN) that represent significant states of nature aatber
yond control of decision makersindependent variablesuch asveather conditiors

» D - aset oflependant variable&d € D) of significant materiality that anender deci-
sion-makerstontrol, such ago use or not to use a toll road for trucking

* An adoptectriterion of effectiveness and efficiency, suchragirn on equity.

Assumption 1 Decision-makers employ
* Mainly rational andrule-following choices,as defined by March (1994);
*  With bounded rationality,
0 as defined by Simon (1956) with regard to limitas@f cognition, and
0 as proven by Kotarbinski (1961, pp. 189-201) fréwd dpposite perspective that
perfect rationality is unattainable (if rigorouglyrsued, it leads to a logical para-
dox that precludes any action);
» Preventionof irrational choices that may qualitatively change the situation; and
» Automatic arbitration for resolvingchoice uncertaintyin dynamic situations, as de-
fined by Denning (2007). (It is impossible to makteunambiguous choice between near-
simultaneous events under a deadline).

Assumption 2 Measurability of the main purpose and the results of operations dend®al.
The measure of the results dendtégh is a function of the main purpoBethe set$SN andD,
formally: Mgo = Mgo(P, D, SN)

Definition 2: Materiality M(e) of entity ee E is measured by the difference in the measure of
resultsM go, when operations are conducted with and withosietfitity e, formally

M(€e) = Mro(E) - Mro(E —€)
Definition 3: E is a set ofnaterially significant entitiese € E {
» factors in substance or in form (here, maiiya andinformation items)f € F
o tasksteT
* variablesv e V
» relationships among ther(e’, €”) ¢ R(E’, E”)
» qualitiesq(e) e Q(E)
* properties - states of qualitisgy(e))e S(Q(E)), or
* incremental changes of their statefq(e)) = s”(q(e)) — s’(q(e))}

if the absolute | | difference of the results aéragionsM o when conducted with and without
them is not less than thiereshold of significance- the minimal incremer&,,i,(AMro) or mate-
riality M(e) determined by the policy of the decision makemially

A [[Mro(E) - Mro(E — €)= Sin(AMRo)] for all ec E, or
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A [IM(e)| = Snin(AMRo)] for all ee E

Symbolic representationsof operation factors and relations among thentonstitute the deci-
sion-maker’sknowledge In this contextknowledgeis what one knows or, broader, what society
knows and what is available. It is representechibyavailable data values, the significant rela-
tionships among them, and rules of procedure isaiag and proceeding, including sequences
of state transitions of robots. What one does noti\k one tries to learn (collect, acquire, recog-
nize). New information, new relationships, and meles of procedure are added to what was
known before and what has been learned and rea@ahai valid or at least acceptable. Thus
grows the body of knowledge of individuals, orgatians, and societies.

The initial version of a decision-situation modehiso based on the knowledge available to man-
agers - decision makers. Factors are subject togelsathat reflect the changing reality. A moni-
toring system must be established for the decisiakers to remain current. In routine opera-
tions, collection of representations from the moratl reality takes place for all the known and
rather well-established variables, which reprefattors that significantly impact operations and
their results. Such representations describe tvelastable picture of routine operations whose
quasi-equilibrium is subject to disturbances.

When viewed from the perspective of communicatitims,incoming representations (factors in
form) may be associated with a zero or none-zemuartof information, as defined by Shannon
and Weaver (1949). Those with a zero amount ofim&tion are already available or known,
hencedata Among representations with a non-zero amoumfoimation, one may make the
following distinctions:

* Routine information about changes of known factors changes the situatbstlyquan-
titatively (i.e., usually minor adjustments) unless the dtetite changes reach a critical
point, causing qualitative changes (i.e., a maistrdte change evaporation, melting

* Non-routine information about new significant, not-yet-recognized, or nautine fac-
tors alwaygyualitativelyandquantitativelychanges the affected situation. It is subject to
strategic management and decision making and sheutthnsidered separately.

Table 1 A general taxonomy of situation-specific ements of knowledge about operations
KNOWLEDGE

- a symbolic representation of reality in operatigobjects, events, their identifiers and attributelations
among them, and rules of procedure in reasoningpeswkeding)

DATA INFORMATION

Representations | Representations about the unknown or uncertairatiparfactors, not yet available
about the given, still to be acquired and always associated witbraerzero amount of information,
known, available, | as defined by Shannon and Weaver (1949)

assumed-true op-
eration factors; they
can never change | reflects changes about known operatjabout still unknown factors, which, if sigr
the existing deci- | factors, usually causing only quantitat nificant, always result in qualitative
sion situation — the| tive changes of results; they are the | changes of the existing decision situatign;
status quo. subject of routine operational and tactithey are the subject of strategic manage
cal management. ment.

Routine Information Non-routine Information
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From the viewpoint of those who manage routine afiems, the collected representations are
either

* Routine data valuesonly, becausao changesiffecting the status quo have taken place,
or

» Routine information values becausehangesave taken place.

All of the above represent the knowledge abousthetion and are summarized in Table 1.

Basic Concepts of Decision Situations

There is a vast theory and practice of decisionimgalDecision-making situations must be de-
scribed and defined, which different types of modghccomplish. In human evolution the first
werephysical models, followed bylescriptive models schematicmodels, and, finallynathe-
matical models, all of which are used to represent andlsite a fragment of reality under con-
sideration. There are two distinctively differemctsion-making frameworksjualitative and
guantitative.

In qualitative frameworksthe definitions of decision situations are usudtgcriptive, vague,

and fuzzy. They pertain to cases that are uniquen without a historic precedence. Usually they
emerge at the highest strategic level of decisiaking. Qualitative descriptions may refer to
moral, social, political, corporate, community, gretsonal values, the legal environment, prece-
dence, even to emotions and historical analogtesOme deliberately avoids quantitative con-
siderations. It is said that such definitions @amstructured or ill structured . Despite the defi-
ciencies, the qualitative aspects must be congidess, for their consequences are strategic, far-
reaching, long term, and serious.

In quantitative frameworksthe definitions of decision situations are usupHgcise, unambigu-

ous, mathematical, and with measurable resultsallysilney pertain to tactical and operational
levels of decision making that convert strategiciglens into detailed action plans. They call for
measurements, statistical analysis, or simulaoich decision situations aneell structured.
Contrary to nonprofessional expectations, desp#eatcuracy and precision, the consequences of
choices with quantitative models are usually terapgrshort term, and of limited scope. How-
ever, when applied under the same set of circurostarthey produce the same results.

Components of decision situatiorentail

1. possible states of the situatien - independent variables
potential choices or decision optioths dependent variables
foreseeroutcomes ¢ for the respective pairs of the above
utility values u(o;) assigned to outcon® by a utility function

evaluation criteria of the outcomes

R

decision makers and, finally,
7. themain purpose Pof operations.
They are listed in ascendingder of the expected extent of pervasivenesseif thanges.

Outcomeso; are rarely simple variables. They represent tmeeaty foreseen, or attained state of
reality in its significant aspects. They may represiothing more than a simple change in cost or
two dramatically different pictures of a scene befand after an accident, a village before and
after a tornado hit, or a field before and aftetlbaThus, the outcom®, is represented as a one-
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dimensional array of states of all significant agp®f reality, which are projected when decision
i has been implemented in the state of ngture

For decision makers, an incoming symbolic represemt of reality that

» matcheghe state of the model does not chaingiés entropy, and conveys zeamount
of information; it is the given, available — tHatum.

» does not matckthe current state of the model and conveys a romazmount of informa-
tion and_changethe model; it is theommunicated meaningfuinformation Al .

Decision situation specification matricg§ able 2) are also built based on the availabteatn

edge. At first, they offer purely static pictur@fie monitored changing reality (the system and its
environment), however, requires a continuous aitigitf at least some of the major components
of the model. The type, number, and degree of lla@ges is induced not only be the changing
environment but also by the decision maker, whosidjthe way he or she views the situation
and reacts in response. A decision-situation masixes here as the lens through which one may
track the factorsbperation meaning materiality , andpervasiveness otheirchanges

Table 2 Decision-situation specification matrix

j[1...mJ/ P1 P, . probabilities; . Pr-1 Pm

/l[1..n] sm Shp states SNt Sny
u(0y,1) U(0y,9) U(o 1) U(orm)
U(Ogvl) U(Ozyz) U(OZ,m»l) U(OZ,m)

Utility values of outcomes ¢:  u(g),
where u — a utility function

U(On11)  U(Ch12) ... U(Ghim1) U(Onhim)

u(on1) U(0n2) e .. e u(Qhn-1y U(onm)

ChangesA of independent variables ¢ SN and probabilitiep € P are viewed as the difference
between their respective previols 4nd current state§ (caused by incoming factosd=, here
mainly informationAl, defined respectively assn(AF) = SN”- SN’ and Ap(AF) = P”- P’. They
invariably change the affected outconasgg O, their utility u; € U, and results of operations
Mgro. Subsequently however, decision makers may dlange their tactic and select different
decision options frord’, to d”-. Summarily, they change the total outcontAF) equal to the
difference between the two arrays - the previousaunes and the current outcomes, where

Definition 4: Ao(AF) = O” — O’ is theoperation meaningf theincoming factors AF, whether
of substance or in form (then informatiat), as viewed by the cofounder of pragmatism Peirce
(1958), the father of verifiability theory of thesianing, while

Definition 5: AM(AF) = Mro(O”) — M ro(QO’) is themateriality of theincoming factor AF or
information Al. Theutility function u assigns different utility values to the respectiiféer-
ences with regard to each aspect of reality in@mondnce with Assumption 3.

Assumption 3: The postulate of teleological perspectivism and geai relativity of assess-
ments.Any aspect of operations is viewed, perceived,aswstssed the same way unless the pur-
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pose and the frame of reference change. Neverthelben a change occurs, it changes how
even the physically identical entities are viewgdlbcision makers. This is an all-pervasive prin-
ciple in informing for operations. It is analogdoshe concept of inertial frames in theoretical
physics Principium 1).

In rigorous studies, the smallest distinguishaldenent subject to inquiry must be defined. The
emergence of nano-technology, quantum computin¢égcutar bioengineering, and so on indi-
cates our will to reach down to the naturally elatagy. It may be an act of exchange of goods in
economy, transaction in business, movement by atrblniman action, or behavior of a particle
down to the submicroscopic systems of the minimiseovable. It is restricted to a natural set of
discrete values such as the number of the elenyeamtaount of action - the Planck’s constant
(“Plank’s constant,” 2007). With new technologitg size of significant changes decreases pre-
cipitously.

The low limits of changes are usually determinedhgystate of measurement technology (meth-
ods, tools, and means). Hence, information thatom&e maps changes of reality must fully
account for the relativity of all observations as$essments of the impact of informing in opera-
tions and itsguantum nature for storing, communicating, and actir@rincipium 2). Changes
may impact the entire model of operations, thegsiecs made, and their implementation; how-
ever, it is assumed that any of them must cauggndisant change in the measure of the results
of operations with regard their purpose in lightte# adopted criterion of assessment.

Informing for Operations

Science requires a clear distinction and definiobthe subject and the objects subject to inquiry.
In informing, symbolic representations of realitittwthe controversial notion of information play
a key role. In common use, information denotes canmipated symbolic representation — a factor
in form, whether understood, useful, or not. Entities camicate by passing symbolic represen-
tations. For those receiving them, they shouldridenawn or at least uncertain to be considered
information .

Symbolic representations of reality already avddatve considered the given, knodetta. Data
processing, as a deterministic process in its aaaan never yield any amount of information or
anything unknown that could not be inferred fronted&levertheless, one may present data in a
more usable, effective, and efficient manner farsisA well-designed presentation of data may
reduce errors and increase efficiency of operatidrdear recognition of the dichotomous nature
of what is available and not yet available or datd informationrincipium 9) is not common
despite the fact that difference is tangible andlmatested in any decision situation and any de-
cision support system (DSS). Thus it is of univevsdidity (Gackowski, 2006a). It should for-
ever ban fuzziness in this respect; however, emor®nly in information but also in data may
become deadly as well (Fisher, Chengalur-Smith, &g/ 2006, p. 5). Exploration of vast col-
lections of data may yield something unknown. Th@yever, constitutes data mining, which is
research, a quest for something unknown that igpaitof routine data processing.

Communicated symbolic representations of reality maan changes or ndtformation de-
notes onlysymbolic representationthat isuncertain or unknown to its recipients that/who con-
trol operations and its environment. The ultimatensic (naturally belonging to it) purpose of
informing, whether acknowledged or not, istdend one’s controlinformation and knowledge,
similarly as resources in substance, are paranfaatutrs of power. Among living entities, all
communication, all informing is purposive, and leidstainted by purpose that undermines its
objectivity. An additional source of bias is ignoca of senders and recipients of information.
Informing always yields a wide spectrum of differdegrees of misinformation, with two excep-
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tions at opposite extremeslid information and its oppositiorperfect disinformation. Practi-
cally we deal with
» the less-than-perfedisinformation that intentionally deceives (perfect disinformatams
being to obvious would defeat the intended decaptio

* misinformation, which unintentionally misrepresents reality;

» valid information, which maps reality faithfully one to one into amounicated sym-
bolic representation.

The exceptional nature of valid information nedaséss creation of institutions and services that
are based on trust that the provided data andmaton are credible. Misinformation and disin-
formation require the establishment of counter messs including counter intelligence.

Informing entities may be active or passiv@assive informing entitiesire real objects and proc-
esses that yield information when observed, exathioeunted, and/or measurddttive inform-

ing entities — sourcesby their nature or by design transmit, disseminatdyroadcast signals

that may convey information. Some of the abovetiestmay be widely known and easily identi-
fiable; others are completely unknown to the ezgiinformed. Active-by-design informing enti-
ties such as senders or disseminators of inform@tducators, advertisers, professional informa-
tion providers, politicians, preachers, etc.) tnaffect the entities informed according to their
purpose. Some of the informing may even be enfofeethdatory education or re-education
camps), while most of it is not. Active-by-desigriarming is the vast field of communications.

Communication channel$ink informing entities with entities informed. fommunication
channels, transformations of signals constitutértfieming processeshat always are subject to
distortions such as tapping, interference, €angipium 3). Informing may be solicited and un-
solicited. The links may be direct or indirect, aiieads to direct or indirect informing. direct
informing, information flows directly between the informingtiies (sources) and the entities
informed (face to face in human contacts)inirect informing, intermediary manipulation of
information occurs between informing entities anttes informed.

Within complex active-by-design informing entiti?sd complex active entities informed, the
division of labor leads to specialized subentithest deal with information collection, acquisition,
recognition, storing, processing, and presentatdiere data are organized in databases and/or
data warehouses. They are specialdaih and information delivery systems

Entities informed(receiving clients, students, users, decision ngkeray also be active or inac-
tive. The active ones (marketing prospects, contgstiadversaries, voters, public, robotic de-
vices, etc.) must autonomously conduct some op&Eigo that informing may make them be-
have differently than they would otherwise. Ensitisformed might be simple or composite enti-
ties, individuals, or organizations; they might ¥ robotic devices that are controlled simply
numerically or as a function of applied artificiatelligence. Initially, when viewed from the out-
side, the effect of informing on theactive entities informed may not be noticeable for a long
time but in the long run may become significantetiey later act as the result of upbringing,
education, training, indoctrination, or programmikgtities informed may bergetedinten-
tionally by disseminators of information, or they magtively gather information from sources.
Hence, they may be interested in being providet saime information products or services.
They may pay for being informed or seek only infation that is offered seemingly free. They
may also be inclined to enter into a dialog tonefihe informing process to their advantage.

There are twainiversal conditions for effective informing

1. Forinforming to take place, there must be a difference in statt¢he informing entity
and the entity informed with regard to the tranggditsignals. In communications theory,
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the difference is measured bgtropy. (Entropy -a measure of the disorder or random-
ness in a closed system that consists of the infgrentity (source) and the entity in-
formed (client) or the number of bits necessaryansmit a message as a function of the
probability that the message will consist of a #igeset of symbols.) The difference
cannot be smaller than the smallest amount of @ciMith no difference in the states of
informing entities (sources) and the entities infed (users) (because they know the
same, they are in the same state), their respdetieés of entropy are equal. After in-
forming has occurred, the respective states atxtreme ends of the communication
channels become equal, and their joint entropyeeses. When such a change occurs, the
received representationnst knownby the entity informed before informing occurs.

2. Informing in operations makes sense as much awidts actions and, subsequently, the
results, either immediately or after a delay. Teffective, information must be opera-
tion usableandeffectively operationally completeto trigger a transition of the state of
operations (to act or not). From the perspectivertities informed, after informing, the
gathered information become the operating entilata andrecognizedlements of
knowledgethat update their common databases and knowledgsba

In contrast to Shannon and Weaver’s (1949) matheatdaheory of communication based on
assumption of probabilities, Mazur's approach ()9Z@rounded in associations of discrete sig-
nals. At its limits, when the number of associaiainfinitely large, it yields exactly the same
formulas as proposed by Shannon and Weaver. ThasyRé model provides the ultimate in-
sight into the internal mechanics of communicatiand control, it confirms the former, it is
broader, it accounts for more aspects, it apptiesttiations where there is little or no room for
stochastic considerations, and it makes the anafunformation discrete and countable.

Quality of Operation Factors

The initial definitions of quality are general. Hhare based on the Aristotelian approach to qual-
ity as something that enables one to distinguishdafine objects. Later, the definitions will be
expanded to accommodate aspects of the qualigotdrfs that are necessary and useful in opera-
tions.

Definition 6: Generally,guality - Qis an infinite set {...} of quality attributes (esd&l and dis-
tinctive characteristics), simply callegalities g:

Q={0y, 92, --- G, ... G}, Wherei belongs to a set of ordinal numbees{1, 2, ...«}

Definition 7: A distinguishing quality - Q(E) of the clas<€ of entitiese € E (cutting tools- fac-
tors of substanceerial pictures- factors in form) is a finite set ofecessaryqualitiesnqg;(E)
(length- cutting edgenumber of dots per inchresolution of a picture)f cardinality k =
[(na(E))I: Qo(E) = {nqu(E), ng(E), ... nG(E), ... na(E)}

Definition 8: Q(e)is thequality of the entitye (tool, data valugdefined by avector of states
s(q(e)) (operationalor non-operationafor a devicepsable or nofor a data value) of necessary
qualitiesnqg(e) € NQ(e) (sharpnes®f a tool,credibility of a data valueand other qualitiesq(e)

€ OQ(e) (acquisition cost Of courseQ(e)=NQ(e) U OQ(e). Formally,

Q(e)=[s(a(e)), s(a(e)), ... s(g(e)), ... s(q(e))] for all g(e)e Q(e) of cardinality n = [|Q(e)]|.

Any quality g(e) of entitye can take on one out of two or more distinguishatdéess (q(e)) e
S(q(e))of their qualitiegy(e) € Q(e) of entitye € E, wherej € {1, 2 ... n}and cardinalityn =
[IS(g(e))|, whichis always greater than 1. et of states s(q(e)) of quality g@&n be Boolean
{true, false}, defined by enumeration, or an ordkeset of numbers. The last implies measurabil-
ity and ranking of these stataslibre of fire arm.
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Definition 9: Correspondinglyquality requirements QR(e{type, size, color, cosgtc.)for a
specific entitye are defined by a vector of required stasfg(e)) e RS(q(e)) Formally,

QR(e) =[rs(qs(e)), rs(cx(e)), ... rs(c(e))] for all g(e)e Q(e) and n = [|Q(e)]].

Quialities acquire their significant materiality from teguation (purpose, circumstances, and
adopted criterion of effectiveness) to which thpplg, while theentities possessing those quali-
ties acquire their significant materiality from thqualities. To this end, factors must meet ade-
guatequality requirements determined by the situation.

Assumption 4:M(e) - Materiality of an entity ds a functionf of thesignificant states s(q(f))f
all significant qualitieg|(e) e Q(e) of thesignificant entity e, formally, M(e) = f(S(q(e))for all
significant states of significant qualities).

Assumption 5: Materiality M(s(q(e)))of any states of any qualityg of any entitye is subject to
thelaw of diminishing returns (“Diminishing returns,” 2007), hence any quali{yf any entity

e should be used at its optimum or acceptable |Swdsequently, it implies that there is no qual-
ity g that monotonically improves the measigo of the operation resulRO.

Definition 10: Significant operation quality Q(f)of a factor fe F is defined by theignificant
states of its significant qualitiegy(f) e Q(f) that qualify it to play a significant role in opéions.
These states(q(f)) e S(Q(f)) of the vector should be distinguishable and sigaift with regard
to the results of operations. In general, signiftaguality can be represented as a vector of sig-
nificant states of the component qualities in atidwhensional space. (In research, necessary
distinguishing qualities of entities facilitate cprassion of knowledge and mastering its com-
plexity.) Formally, significant quality of a sigitfnt factor later called factor’s quality is a t@c
of significant states s, later called simply states

Q(f) =[s(@(), s(a(f)), ... s(a(f)), s(cn(f))] for all q(f) e Q(f) of cardinality n = [|Q(H)]|

Definition 11: Thestate gnhot a measure)f quality Q of operations O - s(Q(O3 defined by a
setSqy of significant quality vectorgv € Syv with regard to all significant qualitiegf) € Q(f) of
all significant factors € F with regard to the purpogewith the threshold of significance
Snin(AM o) effectivein significant states of natu&N. Formally, it is an ordered sep&Q(O))
= < Mgo, P, Siin(AMro), F, Q(F), Sv, SN >where

*  Mgro= Mgo[P, s(q(f)), SN]for all s(q(f))e S(Q(f)), q(f)e Q(f), and fe Fis a measure of
the results of operations

* P —the purpose of operations

*  Snin(AMRgo) —the threshold of significance expressed as thelegh@hcrement oAM ro
* F — set of significant factorfs

*  Q(F) — sets of significant qualitiegf) € Q(f) for all fe F

«  Syv — set of vectorfs(q(f))] of significant quality states s(q(%§)S(q(f)) of significant
qualities q(f)e Q(f) of significant factors & F

» SN- a set of significant states of nature (beyorddircision-maker’s control)

The goal is to obtain the optimal or acceptablelte®f routine operation® assessed by a se-
lected measur®l g by identifying theoptimal or acceptablestatess,pyacc € Soprace fOr all signifi-
cant qualities of all significant factors. Qualigquirements can be satisfied at the optimum, ac-
ceptable but suboptimal, or unacceptable levetven left undefined. In summary, one can
measure quality only indirectly by its impact osults, not by the states of quality as practiced in
empirical studies and industrial applications ofal Quality Management (TQM or TDQM).
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Definition 12: In operations, anyX) significant state of significant qualityq of significant fac-
tor f in a situation defined by a vector of significatdates of natur8N with regard to purpose

by a selected criteriol ro arethe optimal or acceptable statg,&.c.when the results are optimal
or acceptabl€OPT/ACC): A[s(q(f)) = Sprac{a(f)) whenM zo(s(q(f))) = OPT/ACC(Mgo)] for

all se S(q(f), q(f)e Q(f), and fe F. A vector of such states defines by enumerdtieroptimal or
acceptable state of quality of operations.

Definition 13: The optimal or acceptablstate §,a.c:(N0t a measuref quality Q, of operations
O that iSSop/acc(Qo) is defined by a s&pyaccqv Of quality vectorsgypuacd{d(f))] of optimal or ac-
ceptable states,yac{q(f)) with regard to all significant qualitiegf) € Q(f) of all significant fac-
torsf € F with regard to the purpostwith the threshold of significan®,n(AMro) in a situa-

tion described by significant states of nat8i, if the measure of operation results is optimal of
at least acceptabl@PT/ACC(M ro). Formally, it is an ordered sep&fyac{Qo): = <
OPT/ACC(Mro), P, Shin(AMro), F, Q(F), Spvaccous SN >where

*  OPT/ACC(MRo), WhereMgo[P, S(Q(F)), SN]for all s(q(f))e S(Q(f)), a(f)e Q(f), and f
e Fis a measure of the results of operations

» P —the purpose of operations

*  Snin(AMRgo) —the threshold of significance expressed as themaihincrement oAM ro
» F - set of significant factorfs

* Q(F) - sets of significant qualities g@)Q(f) for all fe F

*  Sopraccqu — Set of quality vectorsd,yac{q(f))] of optimal or acceptable stategys.{q(f))
for all g(f) e Q(f) and fe F

* SN- a set of significant states of nature (beyorddircision-maker’s control)

In operations, qualities of factors that are phg#yantrinsic (naturally belonging) to them ac-
guire relevance, significance or importance, maligyi utility value, and usefulness from the
purpose and circumstances of operations in the difsthe adopted criteria of effectiveness and
efficiency. This occurs only when a factor becortiesbone of contention, subject to the will of
competing decision makers, who perceive it as egleto and significantly material for their en-
deavours. According to their perception, they profeeir power, which manifests itself as a
“force field.” There is always a limited range, radius, or spketigin which a will may be im-
posed by projecting one’s powdihe field encompasses the physical, political, @@homic
forces in society, business, administration, oitamy operations. Significant materiality of an
entity is established when it becomes the centartefsecting forces in an equilibrium of de-
mand and supply exerted by the competing entiieanges to the said equilibrium result in
changes of the price tag, not necessarily in moynétams, of the contested entity until the equi-
librium becomes restored at a different level. Qiasl are of no utility value on their own merit
when not subject to such forces.

Measuring Quality in Operations

Many ask how to measure quality. Such a questiquti@® (a) a measure of quality can be devel-
oped, (b) it may be useful, and (c) the more tfétbetter. An objective answer to this question
surprises people in the light of the amount of gffdme, and resources spent on developing a
metric of quality. Here is an attempt to answergbestion.

The materiality of factors is ultimately determingglthe strategic concept of operations. In busi-
ness, it is embodied in a business plan. It previtde framework for interpreting reality and as-
sessing the significance of the impact of its défeé aspects. These aspects lend importance and
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materiality to any representation (information,ajand rules of reasoning and proceeding). This
materiality again pervasively lends its weight icagpects of quality requirements that pertain to
the representations of the factors under considerdiowever, the external view of quality at a
higher level offers an indirect solution to theegolvable problem of a direct composite measure
of quality at its base level.

One can measure the impact of any aspect of quadityperations when
» the qualities are significant

» aslong as operations serve a measurable purptseueintifiable increments of purpose
or its cost effectiveness as functions of the stafejualities of factors used.

The grand total of the increments accounts sumyninilall changes of states of qualities; thus, it
indirectly measures the changes summarily. Onlyotieration approach to quality offersitua-
tion-specific, indirect, neverthelessompositemeasure of factors’ quality, which, however, can
be neither general nor dire®r{ncipium 4).

Taxonomy of Operation Factors as Variables

: —— A hitherto unchallenged universal
Table 3 Schema of hierarchical impact-focused taxonomy of decision variables
taxonomy of decision variables suits informing and facilitates a
rational prioritization of research
and their examination for practical

Categories of Decision Variables

Indirect applications. It pertains to factors,
: states of their qualities, and the
Primary Secondary | consequences of their changes
o (Principium 5).
Situation | ... . _ N
Specific Information qualities are only a
----------- subclass of qualities of any factors

-------- in operations, and both are again a
subclass of variables in decision
making. The same applies to their
taxonomies. Thus, for the sake of brevity, keepmignind the power of this abstraction, the uni-
versal hierarchical disjoint and impact or resolttfsed (by type - qualitative, quantitative, or
both) taxonomy will be presented simply as taxonafyariables in decision making. Table 3
schematically illustrates the defined taxonomys bbinary, logically perfect, the strongest taxon-
omy of all. It is impact-focused because, excepthie last subclass, changes of variables of each
class result in outcomes that belong to a sepalate of outcomes.

To facilitate comprehension, it is necessary ton@easize that a variable, whether dependent or
independent in decision making, may represent emyfieant factor and any significant quality
of such factor in any operations, not only in imhang.

Theuniversal hierarchical impact-focused taxonomy adts of significant variables V
1. Subdivides the universe afariables V into direct andindirect or subordinate variables.

a. A change from the previous stajgto the current statg of adirect variable
s(dv),wheredv € DV [ V immediately affects the decision situation itself,
and/or the actions to implement the decisions mau&/or the results of opera-
tions, which implies that they change the valuthefadopted measure of results
of informing AMgy, formally: (s,(dv) # s(dv)) = (AMg, # 0).
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b. A similar change of state of amdirect variables(iv)), whereiv ¢ IV I V, as
the name suggests, only indirectly affects theasibn because it determines or
contributes to states of othedirect variables of a higher order(closer to the
direct ones and at the extreme equalitect variables). Whens, ands; denote,
respectively, th@revious state and theurrent state of an indirect variable, and
iv, andiv,; denote, respectivelindirect variables of n"-order andndirect
variables of higher (n-1¥-order [for n = 1 indirect variable of'®order is a di-
rect variableivo = dv]. It implies that a change of state of an indineatiable of
n"-order causes a change of state of the relateckridiariable of higher order
in.qV Or at the extreme of a direct variable.

Formally: G(Ve) # (V) = (S(Vat) # S(iV)).

2. Thedirect variables it subdivides intalirect primary anddirect secondaryvariables.
The primary ones are Boolean {true, false} theysegr not, and represent a requirement
either met or not.

a. Changes to states of tbeect primary variables(dpv), wheredpv € DPV L
V, always result imjualitative changes to the decision situations under considera
tion. Such changes result in adding or eliminatingriable from consideration,
which is labeled\V. It must lead to a partial redefinition of the deen situa-
tion, which also has quantitative consequencesn&iy: (s,(dpv)) # s(dpv))
= [(Vp # Vo) * (AMRg, # 0)], whereV, =V, + AV.

b. Changes to states of th&ect secondary variables(dsv),wheredsve DSV,
mainly quantitativelychange the results of operations; hence, theynoaie
significant AMg, > Min (AMg)). Nevertheless, if the subsequent quantitative
changes reach a critical point—that is, if the entistate se C(s(dsv))belongs
to the set of critical stat€s—they may trigger a qualitative change of situation
as well. Then they also become necessary. The dagowvariables are mostly of
a economic nature. If not only effectiveness bsb @&conomy of results matters,
they also may be necessary, although not univgrgadirmally:

(sp(dsv) # s(dsv))= [(AMrs # 0) ™ If (s(dsv) € C(s(dsv))then(Vp # V)]

3. Thedirect primary variables it divides into thoseniversally necessarywersus the
situation-specific necessarynes that are determined by the circumstancesigelsao
their states are Boolean {true, false} and alwagkefine the decision situation.

a. Thedirect universal primary variablesre always necessary. Changes to their
statess(dupv), wheredupv e DUPV [ V, add or eliminate them from consid-
eration. Formally(s,(dupv) # s(dupv)) = (V, # Vo)

b. Thedirect primary situation-specific variablesre also necessary; however, they
are situation specific, and therefore necessary mmiler specific circumstances.
Changes to their stategdpssv) wheredpssve DPSSVL!V, also add to or
eliminate variables from consideration; howevety @m specific situations.
Formally:If (situation requires) then &(dpssv)# s(dpssv)) = (Vp # Vo)

(for instance, restricted availability of informatiin a competitive situation).

Priorities in Research and Examination of Factors

Once a point of reference and a universal hieraathiesult-determined taxonomy of variables
have been defined, one can rigorously prioritizesinad the research of factors in informing.
First, one should investigate those variablesdhrattly impact the informing situation, the im-
plementation of informing, and, finally, the ultitearesults of informing. Among the direct vari-
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ables, some certainly will be of a primary natuvhich are always necessary (mandatory) and
therefore universal. Other variables may also lwesgary but only situation specific. The re-
maining direct variables are of a secondary natdhanges of the direct primary variables al-
ways qualitatively and quantitatively change thecomes. Changes to the direct secondary vari-
ables cause mainly quantitative changes to theomés; however, when the quantitative changes
reach a critical point, they may cause qualitativanges as well.

Second, all the remaining variables are the vergarous indirect ones, which affect the out-
comes only by way of the direct variables. Of ceuthere exist long chains of prerequisite and
functional dependencies of the direct variablethenndirect ones of the first, second, and sub-
sequent orders, which also suggests prioritiessgarch. After an initial quantitative assessment
of impact, one may prioritize them further by thamiateriality. Research about informing quali-
fies as applied science, and the findings of usafenature qualify as basic science.

With a well-defined point of reference, a frameae&ference, and a yardstick, one may embark
upon examination of how generally the qualitie$agtors may impact operations and whether
some of them are universally necessary, hencetguefjuirements that are valid in all situations.

Universal Operation Quality Requirements for Factors

A considered factor must first be usable. To thigd, & must meet at least seven universal quality
requirements: (1) operation interpretable or reczaipie, (2) operation relevant, (3) significantly
material, (4) operation timely available, (5) opimna spatially available, (6) actionably credible,
(7) operation effective complete, and some sitmasipecific ones. The universality of quality
requirements are easier to comprehend when oneglisthes examinations conducted (a) for the
first time, and (b) routinely during regular opéoas. One may gain a better insight into opera-
tion quality of factors by analyzing situations whexaminers face a factor not yet previously
encountered and recognized.

Operation Interpretable or Recognizable

A factor in form (data, information) must b#erpretable or, if in substanceecognizableby

the using entity. To act discriminatorily, actingtides (humans or robots) must be capable of
making some distinctions. Those distinctions aveest as arrays, vectors, graphs, images, pat-
terns, or states of mirgin -members of the s&M. At least vectors (of states) must be consid-
ered because a single factor or a state of quaiityout a context cannot be interpreted. In robots,
representation vectov of states may trigger a designed sequence oftssaisitions. Pragmati-
cally, it means that any receivegpresentation vectorrv to be interpretable must match some
(qualifier V) of the using entity’s familiar statem e SM, formally,

Definition 14: Operation interpretable or recognizable =V [rv = sm] for all sme SM

When the using entity (individual or device) is bleato interpret, identify, or recognize it, the
factor must bexcludedrom further examination for practical purposesyRver, it may be ex-
amined for research. In operationpgration interpretability of a factor in form ihé diagnostic
sequence is the first universal prerequisite faming the remaining qualities of the factor.

Operation Relevant

Representation vectov is a relevant factarf if it matches someM) elements r of necessary
operation resourceé’(T). R(T) is the union of clusters of resources(t) necessary for all
elementary taskise T in the network; the operatio®® can be decomposed as it is practiced by
project management with PERT (Moder, Phillips, &i321983):
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Ro(T) =cr(ty) Uecr(ty) ...Ucr(t,) = Ucr(t) for all te T, where n = cardinality of ||T||
Definition 15: Operation relevant factor n= rf, if V(rv =r) for all re Ro(T)

In operationspperation relevancy of a factor in diagnostic setmpeeis the second universal pre-
requisite for examining the remaining qualitiegtod factor.

Significantly Material

In operations, one is interested in factorsighificantmateriality as in Definition 2. In opera-
tions, significant materiality of a factor in the diagnimssequence is the third universal prerequi-
site for examining the remaining qualities of thetér.

Once the materiality of all factors is known, onaymank every specific factbrelatively to
other factors by computing the ratio of its matésgiaover the sum of the absolute materiality
M(f) of all factors:

Rank (f)= M(f) / 3 [M(f)| for all fe F (1)

This implies that the sum of absolute ranks ofdexequals 1, formallyy |[Rank (f)| = 1for all f

e F. Rank (f) stays within the range<ORank (f) < 1. The relativdRank (f) of the concerned
factorf defines the maximum rank of every (qualiffer quality q(f)e Q(f) of this factor. Materi-
ality plays a special role in all remaining qualdi It is central to all considerations where meas-
urable effectiveness and efficiency matters in afi@ns. It is the supreme quality within the en-
tire universe of qualitied{incipium 7).

The relativeRank (q(f)) of every qualityq(f) of the factorf cannot exceed theank (f) of the
concerned factor, formally [Rank (q(f)) < Rank ()] for all g(f) e Q(f) 2)

Here we see another universal principle. On thehamel, any factor derives its materiality from
its qualities and the circumstances of its useth@rmother hand, if one asks how important the
factor's qualities are, one finds they cannot haigher materiality than the materiality of the fac-
tor, henceln operations, each factor limits the upper matktyeof its remaining qualitiesAs
obvious as it may seem, many researchers conduatnpirical studies have asked questions with
no qualification of how users should rank differgoglities of data by their importance. The an-
swers to such questions are clearly task speaifid,each quality of any factor cannot be ranked
higher by importance than the factor by itselfslhot uncommon to disregard this principle. Un-
aware respondents rank relevance or materialifsatbrs lower than other qualities (Wang &
Strong, 1996). Conclusions drawn from such reseeachot be reliable.

Among the significant factors F, one must dististuiwo disjoint subsets of them: factors di-
rectly adding value or payoff aefAVF, and factors of indirect impact. The latteowever, if
relevant, are indispensable for the effective dsbeprevious ones. They may be called neces-
sary companions nefNCF of factors adding value to operation resdlte necessary compan-
ion factors also significantly impact the ultimatgtcome. For instance, emergency calls for road-
side assistance, which add a well-defined valugptration results, must be accompanied by in-
formation values about the location and some iraispble equipment or tools (necessary com-
panions in substance) to provide the service. Withieem, such calls cannot be effectively han-
dled. Here again, another universal principle islent: In operations, every factor directly adding
value avfe AVF confers its materiality upon its correspondiregessary companion factors acf
NCF, or materiality M(avt) implies M(ncf(avf)) thid the materiality of necessary companion
factors ncf of the factor directly adding value.avf

A [M(ncf(avf)) = M(avf)] for all ncfe NCF, avfe AVF or 3)
A [M(ncf(avf)) = M(avf)] for all ncfe NCF, avfe AVF (4)
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Then thenecessary companion factoféCF are the remaining factors of $ethence NCF = F
— AVF. These are principles of pervasiveness of materiafifactors on their corresponding
qualities and their necessary companions.

Hence, one should be aware of teatrality, supremacy, andpervasiveness of materiality
Significant materiality or its cost effectivenei§®conomy matters, is the central quality that
ranks all the remaining significant qualitidsis the primary universally necessary qualityttha
lends any factor the onbufficient reasonto be considered in operations: It pervades dtwer
tors and their qualitie¢incipium 7).

Operation Timely and Spatially Available

Once decision makers have determined that theglesaking with a significant factor, they should
ask whether it will be or can be made available

1. Timely before it loses its capacity to play itse;chnd
2. Spatially at the required location (at hand foask).

To have a factor in substance timely and localljaatd when it is needed may be a logistic chal-
lenge. Even with a warning message to reach theessieles at their actual locations and on time
may not be easy. If it is not possible, why boteout the remaining requirements? In ever-
changing reality, coincidence in time and spaad the essence. Even with all the remaining re-
guirements met perfectly, if a factor is not avialéawhen and where it is necessary, its actual
impact may become null.

In operationstimely and spatial availability of a factor in tlitgagnostic sequence are the fourth
and fifth universal prerequisites for examining teenaining qualities of the factor.

Actionably Reliable or Credible

Significant factors must be tested for whether tbay be actionably relied on; if credible, true.
True means consistent with reality. Reliability refesdactors of substance and credibility to
factors in form. Credibility of information valuésa complex function of at least 20 indirect
gualities (Gackowski, 2006a).

Since full credibility is rarely to never attainabfrequently users must act with only an accept-
able level of credibility labelledctionably credible. For practical purposeactionably credible
can be defined as the degree of credibility at iithe user is willing to take action. The defini-
tion is precise, but the actionable level of crditijbis highly variable because it is a functioh o
the decision situation, the circumstances of opmrat and, in particular, the personality of the
decision makers, whether they are risk avers ggérn happy.

In operationsactionable credibility or reliability of a factomnithe diagnostic sequence is the
sixth universal prerequisite for examining the rémvag qualities of the factor.

Actionable credibility or reliabiliticompletes the list of the previously discusead/ersally nec-
essary quality requirement®r operatiorusability of any factor ¢peration interpretability ,
relevance materiality , spatialavailability , timely availability , and actionableredibility or
reliability) . In direct informing, when factors are directlycassible (with no intermediaries) to
users, a factor is usahlé ¢ UF when it meets botthe universally necessary quality require-
mentsand the othesituation-specific necessary quality requirementssuch as the previously
mentioned restricted availabilit(incipium 6). The setJF of usable factors is a subsetgfor,
formally, uf € UF LI F. Usability of a factor does not imply its effectiusefulness.

Definition 16: Usability uf = [Operation interpretable(f) v Recognizable(f)] »
Operation relevant ~ Significantly material(f) ~ Op eration spatially avail-
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able " Operation timely available(f) *[Actionably credible(f) v Actionably
reliable(f)] » meets all the situation-specific neessaryquality require-
ments(f).

One should also notice how uncertainty about uisali factors affects decision situationdn-
certainty about factors’ usability degrades deamsgituationgPrincipium 8). If usability

* s certain, the decision maker deals witldaterministic situation in the area affected by
the factor.

» is only probable (the most likely case), the decision maleals with atochastic situa-
tion to the same extent as above.

» is not usable(for instance, not timely available or not actibleacredible), the decision
makergamesto the same extent (even when operations areiggeted, because threats
are ignored).

Effectively Engageably Complete

Once decision makers arrive at a satgdble factors they must test them for completeness with
regard to the tasks under consideration. In detisiaking, completeness of usable factors, in
contrast to completeness of mapping data whilergjpprocessing, and presenting them, is more
complex than it appears on its surface. One mgtinduish between at least two types of
completenesperation completenessnd the never-attainaldérategic completeness of

usable factors Within the context of decision situatiormperation completeness of factors - ocf
measures the degree to which the usable factorsvai@ble.

Effective completeness of clusters of resourcesired for each direct task may trigger its execu-
tion, which should generate effects equal to theerrality of the task. A task to beddrect task

dt, the complete task-specific clus@UF(t) of usable factorsf must contain at least some (V)
factor adding valuavf to the results. Formally,

If {V [(uf e CUF(t)) ~ (uf e AVF())] for all ufe CUF(t) thent = dt (5)

All operations (whether routine and repetitive alyoone-time campaigns) may be decomposed
into a network of taskise T. There is at least one important degree of taskifip completeness:
when it becomes sufficientlffective to determine a state transition in operapns (to act or

not). This is a matter of doctrine and policy. Wieeonomy of operations is secondary to opera-
tion effectiveness, one may be satisfied with apgration effectiveompleteness. It pertains to
operations conducted with ali-out effort,such as special operations or acts of terror dougr

to their purpose, when economy is of secondary@wnd he more of the direct task-specific fac-
tors are usable, the more effectively the tasks beagerformed.

Formula 5 implies that a usable factdrmay actually be useful only when it is a member of
some at least minimally operation effectively coetpltask-specific cluster of usable factoirs
CUF(t); otherwise, it is a resource in waiting. Hencegperations, aseful factoruff e UFF [
UF 0O Fis a usable factor that is a member of or engagedme (V)at least minimally opera-
tion effectively complete clusterof usable factors in conducted direct tasks or higirequisite
tasks that trigger a direct orer{ncipium 10). Usefulness is never a distinguishing or defining
attribute of anything. Usefulness is always contaktnever intrinsic to any entity.

Definition 17: A useful factor uff is a usable factor uf that isngaged in some effective opera-
tion complete conducted direct task or a preregtegiask that triggers the direct one t:

V [uf € eoc(t)] = (uf = uff) for all eoc(t)e CUF(t) and taskse T.
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Operation effective completeness of usable factimses the list of the seven universal direct
primary necessary quality requirements for sigaifiicfactors in operations. They gmerequi-
sitesfor successful operation€hanges of states of respective qualities of ajperéactors result

in gualitativeand_quantitativehanges in the decision situations. Sometimegs etitditional
situation-specific quality requirements are necgssaich as exclusive or restricted availability.
Of course, completeness of even all the necessawyrkinformation about potential threats does
not guarantee success when ignored by decisionrsake

The diagnostic sequence in which the above dingeigoy quality requirements are presented has
been obtained by examining which one “is a pregtgiof’ another one. If no prerequisite rela-
tionship is found, then one should test the eamsierfirst and then the other, more difficult, one i
ascending order. Thus, the presertiedjnostic sequence of examining the universaktjps-

mary necessary qualities of operation factors setenire a logical and the most economical one.

When Economy of Operations Matters

In most cases, economy of operations is an issu#hi$ end, one must test teeonomidevel of

its interpretability , operatiorspatial availability, operatiortimely availability , and actionable
credibility or actionablaeliability , and, ultimately, theperation effective completenessf the
entire set of task-specific usable factors. Quain® changes are additive; hence, the sequence of
their examination seems irrelevant. When econontyersg an operation effective complete set

of task-specific usable factors must be not onfgative but also economically useful. Then the
direct secondary qualities are necessary Rosm¢ipium 6).

Definition 18: An economically usable factor — euust be first usable (uf — see Definition 16)
and then must meet the direct secondary requirengesicribed before, formally,

euf= uf » economically [(operation interpretablev recognizable) * operation timely avail-
able ”~ operation spatially available * (actionablycredible v reliable)].

None of the economic requirements can be rankeochpgrtance, for they all are necessary now,
hence equal. Thus, again, operation quality obfactannot be summarily measured, but it can
be accounted for by the difference in economy @frafions when using factors of different qual-
ity and of different economy, which is a compodsite only an indirect measure of quality.

In routine operations, the required stat(d,t)) of qualityq(d) e Q(d) of data values € D

stored in common databases shouldn@maxed. If the concerned factdris a data valud,

hencef = d, the maximum of the minimal required stedeof qualityq(d,t) for each taske T,

the data value d is used and stored in common asesl{for the most demanding task). Pursuing
higher states of quality of usable operation factban the minimaxed-required states implies a
waste of effort. Formally, the minimaxed statesdibg(d) € Q(d) andd(t) € D(t) are

Minimaxed(rs(q(d,t))Frmax(min(rs(q(d,t))) for s(q(d,t))eS(q(d,t)), q(d,®Q(d,t), anddT (6)

However, when the users of operation factors grars¢ed from those who prepare them, the
former may face difficulties with their interpratat and usage. They may be of different mind-
sets, cultural backgrounds, and conventions; sgigigtent languages, etc. Thus, new aspects
and problems of interpretability of factors emergere again, we must distinguish two levels:
interpretable andeconomically interpretable by indirect usersas additional situation-specific
quality requirements.

The First Principia of Informing for Operations

After the basics of the model have been presepntegimay summarize the very first universal
principles identified by studying the nature ank raf informing for decision making in opera-
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tions, particularly those that operate as fundaaidaivs — denoted as principia. The model and
definitions of operation quality requirements fofarmation lead to the conclusion that they
equally apply to factors in substance and in fontluding their qualities represented by respec-
tive decision variables.

Components of the proposed framework and modek&earch in informing are anchored in
formal definitions, basic assumptions, logical piates, and laws of nature. No general frame-
work or model can be proven, but it can be testeghroved, and refuted, as stated by Hume and
restated by Popper in Hiegic of Scientific Discover{l959) (Magee, 2000, p. 115 and p. 223.
They do not require empirical validation exceptdoming up with examples to the contrary;
then a revision is unavoidable. The proposed madelframework, however, needs to be dis-
cussed, challenged, and criticized by the commuwfigctual and potential researchers in inform-
ing. In other words, it needs their approval aftikindispensable revisions have been made. If
they remain unchallenged, they qualify as the tesflbasic research. This is so in contrast to
applied research, which always remains situati@tifip.

For the universal principles — the principia, thare no exceptions in sight. Applicability and
validity of most of them seems to reach far beyopeérations conducted or only controlled by
humans. Some of them apply equally even to a@w/gind state transitions of all living entities.
Hence, they should be of priority in research abmsitions, whether basic or applied, and helpful
for doctoral dissertations pursuing results ofilgsvalidity. They can be summarized as follows:

1. Without a point and frame of reference, one is.[bslteological perspectivism and general
relativity of observationgprincipium of absolute universality, if withoutéteological”),
measurements, and assessmeaplies to informing, operations, operations manay,
and decision sciences of purposive activities atliet by humans. In human-controlled op-
erations, assessments are determined by the puspdssignificant circumstances according
to the selected criteria of effectiveness andfficiehcy of operations under the assumption
that decision makers employ

» rational and rule-following choices, as defined\tgrch (1994),
* with bounded rationality
0 as defined by Simon (1956) with regard to limitas@f cognition, and

0 as proven by Kotarbinski (1961) that perfect radidy is unattainable,
* prevention of irrational choices, and
* automatic arbitration of choice uncertainty, asraef by Denning (2007).

2. Ultimately, there is no continuitperation factorswhether in substance or in form (infor-
mation),are of quantum naturgprincipium of absolute universality). They arsdiete or
granular, including changes of their qualitiesti#a lowest end of their amount, a change
cannot be less than the elementary amount of aettbe Planck’s constant.

With the emergence of nano-technology, quantum cimg, and molecular bioengineering,
we reach down to the naturally elementary. Otharwitsmay be an act of exchange of goods
in economy, transaction in business, movementrobat, human action, or change of the di-
rection of the spin of an electron. With new tedbges, the size of significant changes de-
creases precipitously. All communications are vidb&e to quality problems. If information

is of serious impact, always verifgommunications are alwaysubject to distortiongtap-
ping, interfering, etc.and bias(principium of absolute universalityAmong living entities
bias occurs

0 due to_ignorancdor communications received, and
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5.

o due to both ignoranceind purposdor communications sent.

Communications yield a broad spectrummosinformation, with two extreme exceptions:

. Valid information - maps reality one to one, or
. Perfect disinformation— the reverse of valid information

Practically, one faces more frequentlieas—than-perfect disinformationsed to intention-
ally deceive. A perfect disinformation is too obwsoto deceive entities informed. Deceptive
or deceitful communication, besides misinformatiomist contain one or more aspects of va-
lidity to be effective in deceiving. It applies¢ompetitive environments except within will-
ing alliances formed for higher competitiveness rghH#as due to purpose may not occur for
internal communications.

Futile quests for a direct compound and useful imefrquality: All direct compound met-
rics of any group of factors’ qualities are objeegly impossible and useless.

By the law of teleological perspectivism and geheghativity, all assessments, including as-
sessments of qualities of factors, are always tstuapecific; hence,

e neitheruniversal,
* normaterially of the same weightor

* monotonically affecting possible measures of thesults of operations due to the law
of diminishing returns of their improvements.

It renders any direct compound metric of any grofigualities arbitrary, hence objectively
impossible and useless. However, each individualityu factor, or variable can be assessed
separately by testing its impact on results.

In operations when purpose it measurable, the eatimiverse of qualities, factors, tasks,
and decision variables that represent them can Inévarsally classed ordered by the way
they affect decision situations and the resultsagerations.

5.1. All of them classed intdirect andindirect ones, the direct intprimary necessaryand
secondary the necessary intniversally necessaryandsituation-specific necessary

5.2. The universally necessary intderpretable andunrecognizable,the interpretable into
relevant andirrelevant, the relevant intsignificant or insignificant, the significant
into timely available or not, the timely availlle into spatially available or not, the
available into actionably reliable ornot. In addition, the actionable reliable may &e r
quired to meesituation-specific necessary requirementswhich jointly makes them
usable otherwise they remawnusable

5.3. The usable into effectively @fficiently engageably completdor operations. Within
each class they may be correspondingly orderednixed bytheir materiality or effi-
ciency.

5.4. The indirect ones into those of the firstsecond, andubsequent orderdy the dis-
tance in the chains of dependencies from which #ffect the direct ones.

Such a hierarchical impact-focused taxon@ugomatically prioritizes their examination for
research and practical applications.

6. Thenecessary qualitieddeterminausability of each factorUsability of each operation fac-

tor, whether in substance or in forsy(nbolic representatiopgs determined by the neces-
sary quality requirementgprincipium of absolute universaljtyhat are
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e primary universally necessary or/and

» secondary necessaryf economy matters for instance, or/and

» situation-specifically necessaryfor instance, exclusively available only to oneitgnt
6.1. Primary universally necessary quality requiremerdse

» operation recognizable(for factors of substance) operation interpretable (for fac-
tors in form — symbolic representations)

* operation relevant

* significantly material

* operation timely available

» operation spatially available

» actionably reliable for factors of substance and @dible for factors of substange

6.2. Secondary necessary quality requirementsually are related to economy of cost-
efficient operations. To this end, one must tesettonomiclevel of its

e operation interpretability,

e operation timely availability

» operation spatial availability,

» actionable credibility or actionable reliabilityp@, ultimately, and

» operation effective completeness of correspondatg af task-specific usable fac-
tors.Centrality, supremacy, and pervasiveness oémadity. Significant materiality or
cost effectiveness of factors, if economy mattisrthe central supreme quality that ranks all
the remaining significant qualities (principiumatfsolute universality, if materiality is lim-
ited only to degrees of significance). It is thenary universally necessary quality that lends
every factor the only sufficient reason to be cdesed in operations: It pervades other fac-
tors and their qualities. If not only effectivenglsst also economy matters, one must consider
efficiency or cost effectiveness of significant erality instead of its original value. It is the
central concept in informing for operations, ashibuld be in MIS.

7.1. Qualities acquire their materiality from the pure@sd circumstances of operations.

7.2. Factors acquire materiality from their significgnthaterial qualities or lend it to their
respective other qualities.

7.3. Materiality of a factor limits materiality of it®maining qualities.
7.4. Factors lend their materiality to their necessampanion factors in operations.

An insignificant factor is also insignificant ungeany of its qualities acquires significant ma-
teriality on its own merit and lends it to the iiting factor.

Uncertainty about factors’ usability degrades ddois situations If usability

8.1. is certain, the decision maker deals witldaterministic situation in the area affected
by the factor.

8.2. is only probable (the most likely case), the decision maleas with astochastic situa-
tion to the same extent as above.
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8.3. is not usable(for instance, not timely available or not actibleacredible), the decision
makergamesto the same extent (even when operations areiggeted, because threats
are ignored).

9. The dichotomous nature of the available and not-yet-dsahle, data - the given and infor-
mation - the communicated changgrincipium of absolute universality) in decisioraking
refutes the existing fuzziness with regard to tlasglisjoint sets of entities.

9.1. Replacements of any available factoin substance, available factors in form such as
data, or received symbolic representations oftgeafia zero amount of information
never changedecision situations.

9.2. Quantitative change of any known factorin substance or routine information that
communicates a quantitative change of known syrolvefiresentations of reality — fac-
tors in form of a non-zero amount of informatmnly guantitatively changedecision
situations unless the quantitative change reackasiaal point, causing qualitative
changes of decision situations (realm of operatiand tactical management).

9.3. Unrecognized significantly material factorsin substance amon-routine information
about significant, not-yet-recognized elementseality always gualitatively and
guantitatively changedecision situations. They are the realms of strategnagement.

10. Factors are useful only if used.. Factorsumeful or are ofrealized usefulnesenly if they
are (principium of absolute universality)

e usableand

» operation effectively completeand engagedn a conducted direct task or a prerequisite
task that triggers the direct task.

Otherwise, they arasable factors in waiting

Other principles of lesser importance within thateat of the model of informing for operations
that are also not recognized in literature, such as

1. theequivalency of materialityf lost, unavailable, or inaccessible datandinforma-
tion that represents the same entity.

2. theeconomic postulate of minimaxed quality of factstred incommon warehouses
or databasedor different tasks (see Formula 6).

Conclusion

The presented model entails fundamental conceps$s; distinctions, universal quality require-
ments, a universal taxonomy of informing factohgit qualities, and how to prioritize their ex-
amination for research and practical applicatiani) a summary of the first identified principia.
They apply equally to factors in substance andfaan form, such as data and information, in-
cluding qualities represented by decision variabléere seem to be no exceptions in sight.

Of the ten principia, with exceptions of the fouatid eighth, eight seem to apply at least partially
to activities and state transitions occurring viiing entities, even individual living cells, not

only to operations controlled by humans. The forhrare been marked as candidates for prin-
cipia of absolute universality. They deserve cdredmsideration in research, whether basic or
applied, and in doctoral dissertations. If they aemunchallenged, they will stand forever as the
results of basic, in contrast to applied reseabtiys situation specific. Of the eight officialdan
four peer reviewers, none challenged them withnetgatheir substance when discounting com-
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ments about the language. This paper is presenmtgitit challenge, critique, discussion, and
suggestions to develop a mutual consensus amoagg tlealing with informing.
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