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Ir.-TRODUCTION

Knolvledge management and mathematical mndeling

Ttlo nlain strategies Íbr knoll'ledge managemellt have

been enrplovecl by early ariopters of the principle: "prtlcl-

uct" and "process" approaches.
Follorving Han sen et al. (1999) ancl lt'{entzas et

al. t200 1). the "product" iipproach irnplies that knowl-
etlge is a thing that can be locatecl ancl mtrnipulatecl as

an indepenclent object. Adopting the "knor.r'led-ue as

a proclLrct" approach nieans treating knorvleclge as an en-

tity rather separate from the people who create and use it.
'['his appro;rclr nlainly Íbcuses on ploclllcts and arteťacts

containing and representing knor.vleclge: Lrsually. this
rneans Inanaging clocuments. their ct'eation, stora-9e. ancl

rense in conrputer-based cot'pitt'ate ntentot'ies.

The "process" approach puts elnphasis on ways to pro-

Írote. rnotiVate. encoul'age. nllrtul'e or guide the process of
knor,r,ing" ancl abolishes the iclea of try'ing to captr-rle and

clistribr"rte knor'vlec1ge. This vie'""' r-nainlY unclerstands
knorvleclge managenrent as a social conttttunicitti()n pl o-

cess. which can be implovecl b1" collaboration ancl coclp-

eration support tools. In this approach. knowledge is

cltlsely tiecl ttl the person l'n'hcl cleveloped it iind ís sharecl

rrain1y' through person-to-person contacts.
N'{atherntrtícal nlotlels aI'e being usecl r-luring systenl

analvsis of real object problems. They use ntathematical

apparatLls Íbr ciescriptitln ol abstriict sy'steÍ}l elenlents ancl

relationships.
Frorn the other point of vier'v the trtathenraticiil nlodel

can be unclerstoocl as a special type of knor'vletlge repre-

sentation. ver,r' suitabie tbr knor.vleclge map construction.
Davenp()Ít antl Prusak (200(]) n()te thrit clevelop-

ing knor.vletlge urap involves locating itttpot'tant knorvl-

eclge in the clt'ganizittion anc1 then publishing soi'ne s()Ít of
1ist or pictr"rre that sl-tclu's Where to ťinc1 it. Knowledge
maps lypically point to people as u'ell as to doctttnent
ancl clatabases.

This article is appointed to the knor.vledge as an object

ancl cleals with rnathenratical rnodels as knitr.vled-9e repre-
sentation. Defines a tenn of "eletttentary knor'vleclge" as

a specilic type ol knowlecl,qe unit ancl shor.vs its possible
representation in -general rllathenratical ttlrldel.

N{A:I'ERIAL AND NIB,THoDS

Data, information. knorvledge

Let us go out frorn generall1'' knor'vn deťinitions of
citrta, inÍbrnlatitln and knorvleclge (A c k o f ť, l989)

Du.ttt

Dirta is raw. lt sirnply exists and has ncl si-uniťicance

beyoncl its existence (in ancl of itself). lt can exist in arty

form. without lelation to Lrsability. lt does not have

nreaning of itselť. In compLltef parlance. a spreatlsheet

-renerally starts out bl, holding clata.

Data are clistinct pieces of intbrnlation usr-rall1'' Íilrtnat-

ted ín a special wiry. Datlr cirn exist in lr r'erietr oťÍilrrns:
as numbers or text on pieces of paper. as bits and bytes
storecl in electr'onic lnemof}'. or as Íacts storecl in lr per-

son's rnind.
The terrr clata is otien r-rsecl to distinguish binary ma-

ch i ne-readable i nÍbrrnation Ílrlrn textual hunlan_readab le

inforniation. For example. sonre applications rnake a dis-

'l' Thc paper is sLrppolted b1 the glant prolect o1
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tinction betlveen clata ťiles (ťiles that contain birlar'1, tliitir)

ancl text ťiles (l'iles that contain ASCII clata).

Irt fb rrr t ut i.ort

InÍbrntation is data that has been _given meaning by

lvay of relational conliection (Ackoťf . l989). This
"nreaning" can be usefirl. but does not have to be. In

con'}pllter pat'lance. ír relational clatabase Inakes inťorma-
tion fronr the data stclrec] u'itl-rin it. Inťor'rnatitln is a llow
trť nlessages. T'he patter'rrs and relationship in the clrrta is
pointecl out and cliscr-rssetl. The clata is rnade intirrmltive
and rnust be put into.r context ancl linkeci like clata.

Krtov lctlgc

There irre lnany attempts ttl deťine what wtlrrld be the

exact set-nanÍics for the ternl "knolvledge''. wlrat wclr-rlc1

be the clitlerence between "knowledge" ancl "infblma-
tion". and what r'voulcl be the elelnentary pieces of
knowlecl*se. sometinres callecl knor'vledge units
( B ro ž tl'n,ít. K l i m e š cl v á. 2006).

Kntlwleclge is deťined as an orcleretl set of intirrrrlatittn
in space and tinre aborrt irrlportant notions. clata. Íiicts'
axiorns. lar.r's. ancl int'elence rules relatecl to a specifiecl
ťield of hunlan experience. enrbeilclec1 irr a gir,'en

tholr-cht-fianrer.vork (Ro s k a. 2(X)l). In rvhat follolvs.
inÍtlrmation r.vithotrt a thoLrght-Íiatnel'voLk will not be

clualifiecl as know'ledge.
Relationshíps between cltrtir. intclrnlaticln ancl knclrvl'

edge ar'e clÍten clescribetl in a f clrnl of l'rierarchical strr.rc-

ture (pyrarnicl). see Fi-u. I .

Knowledge /

Data

Fig. l. Data. intbnnalion and knorvlcdgc

Data is a rarv cligitirl tnaterial crr the "artiÍacts. rvhiclr

exist as a vehicle Íbr cclnveying inÍbrrnation''. Infbrrna-
tion is intelpreted "lvithir.r a context set by a priori knorvl-
edge ancl the current environment". Knolvleclge assigtt.
a purpose anc1/or action to inÍbrnlaticln' Knor,vleclge is

basecl on "inÍbr'rnation integrrrtec'l in a tashion ii'hich al-
lows it to be usecl in Íurther intelpretiltio|1 anc'l ana1'\'sis oť

data".

Knou'led ge representation

Generalll,. knowledge can be represented by several
lvay's. Usuall1,. plotluction rules, semantic netwtu'ks trncl

ťranles are usecl tbr this purpose.
r Plocluctiorr rules

Orre of the most popular approaches to knowledge
representalti(ln is trl use prtlcluction rules. solt]ťtillle\
calletl IF-THEN rules. They can tlrke various Íbrnls. e.g.

- lF e ,rn.lition I'HtiN rre lion

- IF plernise THIIN conclusion

- IF proposition pl ancl prol.rosition p2 are true THEN
proposition p3 is true
Sorne of the benefits of IF-THEN rules iire that they

are nioclular. each deťining a relatively srnall irnc]. al least
in principle. inclepenclent piece of knowleclge. New' rules
rnay be adcled ancl old ones cleletecl usually inclepend-
ently clť other r'ules.
o Semantic networks

These ar'e large networks oť icleas containing a nrLrlti-

tucle of concepts. 'l-he links show the relations between
them. They are ncirmally seneri.rtecl lvith the aid of corn-
pLrter soÍtware. Pairs of lelate(l ťoncepts al'e joinecl by

bi-clirectional links. Like concept nlaps. senlantic nct-

'nvorks capture concept micr',rstrLreturc lnd topic
lnacrostructure. Senrantic networks are said to be etrsy tcr

unde rstancl by hr-rrnans ancl can also be usecl in autotnatecl
processing systerns. They are olien r.rsecl as a learning
tool within the educatiolrirl ťielcl (G o r cl <l n . 2(XX)).
o Frarnes

A frarne is a clata stl'ucture that can be used tbr knou'l-
eclge lepresentation. Roughly sirniltrr to the object-ori-
entecl paracligrn, they represent classes (called fiarnes)
r'vith certain properties ctrllecl attributes or slots whereas
they clo not have rnethocls. Franres are thus a ntiichine-
usable Íbrnralization of concepts <_ir schenle.

Otherlvise . decision tables. clecision trees ot' scenarios
can be used tor knowledge representation. 'I'heir clescrip-
tion is out of range of this article.

}'tathematical mndeling

lVIathernatical nlocleling is a process tlť rrsin_c the

mathernatical language to clescribe the behavior of a sys-
tern. Maihematical moclels are usecl particularl)' in the

sciences sucl-r biology. electrical engineering, physics but
also in other fieltls such as econornics. sociolo-s1" ancl po-

litical science.
Otterr when engineers analyze .l systenr to be con-

trollecl or optirnized, they use a mathenratical rnorlel. ln
analysis, engineers can builcl a descriptir.'e moclel of the

system as a hypothesis of holv the systenr cciulci r'r"ork. or
try to estinlate lrcru, an unÍbreseeirble event coulcl aťtect

the systen. Similarly, in control of tr system, engineers
can try oLrt diÍ1'erent control approaches in sirnulatiorrs
(Š ubrt. D ó m eo V á, 2002).

A mathematical moclel usuzilly rlescribes a system by

a set of r,ariables ancl a set of eqr-rations thtit establislt re-

lationships between the variables. The values of tl-re vari-

lnformation
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ables can be practically anything; real or integer num-

bers. boolean values or strings. for example. The
variables represent some properties of the system, for ex-

ample, measured system outputs often in the form of sig-

nals, timing data, counters, event occurrence (yes/no).

The actual model is the set of Íunctions that describe the

relations between the different variables.
According to Berka (2002), the most important

properties of mathematical models are as Íbllows:
l. Generality - It is possible to use one mathematical

model Íbr many object properties and intra-relation-
ships description.

2. Shortness and accuracy - There are a lot of implicit
knowledge about object in mathematical models.
which can be converted to explicit using exact math-
ematical tools.

3. Simple verification of hypotheses - Hypotheses can
be Íbrmulated exactly and proved by mathematical
methods.
These properties of mathematical models will be used

Íbr knowledge representing, description and mapping.

RESULTS

Knowledge unit, elementary knowledge

The basic structural element of knowledge is knowl-
edge unit. Zack (1999) defines the knowledge unit as

an atomic packet of knowledge content that can be la-

beled, indexed, stored. retrieved and manipulated. The
format. size and content of knowledge units may vary
depending on the type ofexplicit knowledge being stored
and the context of their use.

There are many similar deilnitions in literature. Un-
fortunately, most of them are very general and not suit-
able fbr connection to the structure of mathematical
model. Let us deÍine the teÍm "elementary knowledge''
as a specific type of knowledge unit. Inspired by

Slouková (2004), we deÍlne the elementary knowl-
edge as Íbllows:

Elementary knowledge EK is a basic unit of knowl-
edge. It is one predictive hypothesis, which has follow-
ing Íbrm: Let's have a situation X and a problem Y' with
regards to objective(s)Zwe can expect consequences Q.
Formally.

EK = {X, Y, Z, Q}

Elementary knowledge is shown in the Fig. 2.

with regařds to z

A problem Y is a part of problem situation X. Due the

predicate hypothesis in the fbrm "IF condition THEN re-

sult" the knowledge is given and the consequence influ-
encing the problem situation X is determined. The prob-

lem situation X is moving to the state X', better from the

point of view Z.
There are two key presumptions of deÍinition given

above:
1) Connection to a problem situation

There is no knowledge (neither elementary knowl-
edge) without connection to some problem situation.
Each of knowledge is born as a result of successful solu-
tion of some problem.
2) Hierarchical level of elementary

Elementary knowledge was born as an elemeniary
problem solution. Elementary problem is a problem or
parl of some complex problem, which is not useful to
split to more simple sub-problems. It is in concordance
with Zack's definition of knowledge unit ("...atomic
packet of knowledge content...").

Especially user of knowledge determines criteria of
elementary level setting. They depend on his ability to

follow the instructions included in the elementary knowl-
edge.

Example

We can show the example of elementary knowledge
definition. Let's have the elementary problem: when to

leave the house to catch the bus. which leaves at 7:45.

The elementary knowledge connected to this problem
can be defined as Íbllows:

"IF I leave the house till 7:30. (THEN) I will catch the

bus at 7:45."
Following the statement EK = {X, Y, Z, Q}, we can

determine. that
X = "my position"
Y = "when to leave the house"
Z = "Ío catch the bus''
q = "going by bus"

It is possible to test the elementary level of the knowl-
edge. Decomposing both hypothesis and consequence
statement from the point of view included data and infbr-
mation. we obtain Table l.

It is obvious that the level for elementary problem is
determined by ability of actor Íiom hypothesis to do the

action Íiom hypothesis. In the problem above' if I know,
what to do to leave the house till 7:30, the problem of bus

catching is elementary problem for me and the knowl-
edge Íbr solving that problem can be considered to be el-
ementary knowledge.

The knowledge does not include anything about my
knowledge the way from the house to the station, sto-

chastic character of walking time to the station and many
other factors. which influence the achievement of the

goal "catching the bus". It is correct because of way of
deÍjnition "Y''.

Fig. 2

34
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I I Etemenrary knowtedge

I fF I lcarc lhc hou.e rill 7:30. THEN I will carch rhe.b1 ar {

DISCUSSION

Mathematical model for knowledge representation

In general, mathematical model is used for reality or
its simpliťication (abstract system) representation. A per-
son, who is skilled in mathematical modeling, can ex-
ploit that form of representation to analyze what hap-
pened in past, what is now in presence and what will
happen in the future.

Mathematical model is very efficient form of knowl-
edge representation. The mathematical model is

- highly structured, created following systems method-
ology, composed by exact defined elements,

- highly abstracted, general, prepared for implementa-
tion in similar cases.
and, when the model is well interpreted, it is possible

to use it for other knowledge storing or inference some
new ones. This is the most important difÍ'erence between
a mathematical model and a story as two forms of knowl-
edge representations.

There is other aspect for support the idea of using
mathematical model as a knowledge representation. It is
strong similarity of life-cycle process of both tools:

Fig. 3. Lif'e cycle of mathematical model tbr knowledge representation

Consequence information

I ) Perceiving the needs
2) Formulating the problem
3) Construction a model
4) Deriving a solution
5) Interpretation the results
6) Implementation, evaluation

The process of that life cycle is shown in Fig. 3.
The elementary knowledge EK = {X, Y,2, Q} is a re-

lationship between the hypothesis "Y" and the conse-
quence "Q". It is some kind of assignment, which is valid
in the range of problem situation "X" with regards to ob-
jecttve "2".

Generally, such assignment of entities can be modeled
by a tunction. The first part of elementary knowledge (hy-
pothesis "Y") can be scaled on axis x (independent vari-
able), the other part (consequence "Q") on axis y. Quality
of information scaled on the axis (nominal, ordinal, cardi-
nal) does not matter for now. That access to elementary
knowledge modeling can be shown on illustrative example.

E.rample

Let's have a part of fiction production system de-
scribed as follows:

"A manuÍ'acturing company produces product P and
... . All products must be processed through a machine.
The machine has l2 hours of available capacity. Each
unit of product P requires 3 hours of time on the ma-
chine, ... . The proÍit is $4 per unit of product P, .. ' ' The
company can sell as many units of all products as it can
produce. The objective of the company is to maximize
profits...."

Following elementary knowledge can be drawn Íiom
the description in Table 2.

Analyzing the elementary knowledge structure, we
obtain Tables 3 and 4.

In this case, any elementary knowledge is represented
by direct proportion function. Functional dependencies be-
tween hypotheses and consequences included in elementary
knowledge can be described as it is shown in Fig. 4.

-l:JI catch the bus at 7:45

Hypothesis information

I leave the house fill 7:30

7:25 (_nouseJ wake up my father car

my srster

proutem ) ( Derivinga,/\./
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Tablc l. Elenrenlalr, knou.'lcclge contponcl)ts

Ploduce l Lrtrit lrť pl'p111111

Rerlizc thc plolit lil l Lrnir

,'l pri,Juit P lttlrrl

a

of ploiluct f finished 

-

of produet P realizcd

f
P 1 unit

Z

Tablc 3. Elenlentaly kuorvledge lor pr-oduction ploblem (production)

9t"-."!AI ltorvledge I

IF a unit of pr-ocluct P is producccl THEN 3 hours olthc inachine l2 hours cirpacity r.r'ill be usccl

Hypothesis Tryrytl"l
uuit ol product P is producecl

Consequence information

]1 3 houls of thť nraclrinť l] h:11 :g1aci!l ate uscd

Conscquence data

\Lllr)ll \l achinc capacily

jl"ll9!d x- .-. lj!!,.:.liont 12

Anlount Action

I unit plutJLrct P used

Table .{' ElenlcIltat'y knorr'ledgc Íbr production pr'clbleln (proÍit)

I

L

Elementary knolvledge 2

IF a unit o1'protluct P is sold. THEN 45 oť proÍit will be r'calized.

Hypothesis information C)onsequence information
:.

I unit ol'procluct P is sold

Hlpothesis data

.{$ of plofit arc realizecl

Consequcnce clata

Ainount Product Prolit Action
1 + Actioli

ploduct P

Now, it is sintple to use that elernentary knor.vledge as
a paÍt of n]athematical llloclel. Product P coulcl be repre-
sented as one of this activity, functicinal depenclencies
derived from elementary knorvlecl-ee as constraints
ancl/or' objective Íunction.

CONCLUSIONS

Mathernatical models are often usecl during systems
analysis procedure Íbr solving many complex problems.
Their potential as some specific type of knowledge rep-

resentation is demonstrated in the article. Mathernatical
lnodels are Very powerÍul tool Íbr knclwleclge represent-
ing. especially fbr their generality. accuracy and struc-
ti-rre. They respect hierarchy of cornplex problem, which
recluires knowledge in the Íbrm of knowledge map, anci
also allows solving partial (elententary) problem anci
store/save/inÍ'erence knowledge units.

The deÍlnititln of elementary knowledge as a Specific
type of knorvleclge representatirrn wes suggested in the
article. Elerlentary' knowleclge has a stanclarciizecl Íbrm
of implication hypothesis consequence. which is valid
in the environlnent of the deÍined problenr situation.

J+$soIrl lealized

Fig. :l. Furrctions Íbr elenrcntirry knowledgc feplesentation
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lvhich is evalr-ratecl fiorn the pttint ol view' se lectecl ob.iec-

tive. Even objective. connection to the problem solr,ittg
and dvnarnics. these Íbctclrs ar'e lnaking kntllvlec1ge ancl

tnake sense oť knowleclge nliipping ancl modeling.
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Na znalost je nloŽné rrahlížet Ze clvotl úhlů pohleclu:jako na prodltkt (objekt) a.iako ria proces. V prvnínl případě.ie

Znalost clrápána jako entitir. ktertlu je nlclžnrl vynlezit a zpracoviir'at. Ve druhérn přípaclě je hlavní tlůraz klaclen na

poclporu. ttl<ltir'etci a veclení poznáviicího procesu .jako zdroje získ/rvár-rí Znalostí.
Matertliitické moclely se polrŽívají V procesu systénlového řešení r'eárlných problémů.jako niistrq prcl fclrnlalizaci

rozhclclovircího prostoÍu s cílenl nalézt řešení. které z hlecliska daného.11g 1'yřeší prtlblét-nclr'olr si1uaci riebo ji alespoň

zlepší. Mirterrlatické nloclely jsou vŽdy kclnstruclvány v kontextu pÍoblénloVé sitllace a r'olba konkrétního mcldelu

a úrovně poclrobnosti modelového zobÍa/'ení je poclřízena cíli analýzy.
Znalost VZniká jako výsleclek úspěšného řešení nějakého problérrru. Problérlu. kter'ý někdcl iclentifikoval. vyřešil'

řešení implenlentoval a ol'ěřil jeho úspěšnost. Na povaze pÍoblén1ll a jeho řešení ziivisí to" zclir získaná znaltlst nlěla
fornru explicitní. nloŽnou l<e sclílení. nebo tacitní. nesclělitelnou'

V návazntrsti na pfoblénlovou sitllaci vznikíi zál'clveň Vazba mezi Znalostí a matelnatickýnl tncldelem. Jestliže
matematický lnorlel slouží k popisu a řešení problénlclvé situace a Znalost je výsleclkem řešení problénlu s ověřentlu

úspěšností, je rnoŽné poVaŽovat nlateÍnatický model la specifickou Íbrrnu reprez.n1nc'g r'ýsledné znalosti.
Člírnek se ZirbýVá zrralostí .jako objekteln. Jeho cílerl je ukázat. jak je nložné vyuŽít tnatenlirtický mcrdel pr'rl

feprezentaci Znalostí. Pt'o tento účel je cletinován pcljenr ',elementíilní lnalost" jako speciÍický' c1obře struktu[ovaný t}'p

znaltlstní jednotky jako atonrické jeclnotky Znalosti. Atonlické v tom snlyslu.ž'e1i z hleciiskrr jejího uŽivatele není moŽné

ďnebo účelrré clírle dělit. V článku je anai},-Zo\'iina Struktltra elementární znalosti ve vztahu k datťrnr a in1tlrrniicítir. které jstlu

V ní obsaženy. Nir konkrétnírn příklaclu matelliatického lnodelu lineárního prograInování je rrkázáno' jak je rnoŽné

elerrrenteirní Znalosti identifikovat a Zt)brazovt'tt polnocí prostřeclků tohoto l]l.itenlatického rr]oclelU.

znalost: Znalost jako objekt; Znalostní jei1rrrrtkal pl't)blémová situace; konrplexní pr'clblér-ri; elernentár'ní problém:

elerrrentát'ní znalctst; niater-nirtický rrrodel
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