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Chapter 5

Knowledge Flow

Knowledge is power, but knowledge is not just statically stored. It
evolvesthrough being shared and developed Jarious roles, people,
andresources within theyberphysicatsocioenvironment

A knowledgeflow is a passing of howledge between peoplar
through maching It has three crucial attributedirection (sender and
receiver),carrier (medium) andcontent(shareable). Good knowledge
flow enables intelligent participants (people, roles and devices) to
cooperateeffectively.

5.1 Concept

Although knowledge flow is intangible, any teamwork relies on it, even
if team members are unaware dof ftappening. Team membershare
knowledgeahroughvariousforms of networkng, where knowledge flows
through links. Knowledge flowworks like the conveyor beltsin a
production line. Any team member can put knowledge onto the
appropriate belt to have it automatically conveyedhe team member
who needs it. Team members da@helped by knowledge from the
Oconveyor belts€onnectedto them when working on a task. The
linkages of such Khowledgeconveyor beltsO together with the team
members aactivenodes make up a knowledge flow network. Designing
the network properly, and controlling its operation effectivalill, raise
the eficiency of knowledge sharingwithin teams K.Zhuge, A
Knowledge Flow Model for Pedp-Peer Team Kowledge Sharing and
ManagementExpert Systems with Applicatiqriz3(1)(200223-30).
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Effective knowledge flow will avoid redundant knowledge passing
betwea team members, recognizing that different members may be given
different kinds of tasks and need different kinds of knowletigmbers
then do not need to spend time and energy in searching for knowledge in
a traditional centralized repository

The carrer can be the Internetocal networks various wireless
networks, anagvensensor networks The content being shareable means
that the knowledge can be understood by all team membeks.
connectivenetworkensureghat the contentanbe pasgd from anyteam
memberto any other memberFig. 5.1 depict a scenario of question
answeringknowledge sharingQuestion and answering can be delivered
through email Knowledgein personal mental spacevolves with
continuousguestim-answering process.

........ Answer
A Question ' Ui’”
ﬁw > =
\ Answer v
Ema|l box Questlon -------------- Email box

Fig. 5.1 Knowledge sharing through question and answerimgesses

Knowledge content can be specified as being within a knowledge
space where each point places knowledge of a specific type and level at a
specific location . Zhuge,A Knowledge Grid Model and Platfim for
Global Knowledge Sharing Expert Systems with Applicatigns
22(4)(2002B13-320). Such a specification meets the following needs:

People working in different roles need knowledge at different levels

Peopleworking at different kinds of tasks need different kinds of
knowledge
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Thus the knowledge of a flowKF has afield (a two-dimensional
region in a knowledge spdcdefined by a type fieldFd and a level
field LFd: Field (KF) =<TFd, LFd>, whereTFd=<t|t is a knowledge
type> and_Fd = <level|levelis a knowledge level>

The operationTFd; U TFd, is a set union such that the order of the
knowledge types of each along the knowledge type axis is maintained.
Similarly, the set operations, N, B can becarried out between any two
TFds and between any twd-ds.

Let <TFd,, LFd;> and 9 Fd,, LFd,> be the fields of two knowledge
flows KF; andKF,. The followingoperationsold:

(1) <TFdy, LFd;> U <TFd, LFd,> =<TFd, U TFd,, LFd; U LFdy>;
(2)! <TFdy, LFd;> n <TFd, LFd,> = <TFd; n TFd,, LFd; n LFdy>;
(3)! <TFdy, LFd;> B<TFd,, LFd,> =<TFd, BDTFd,, LFd; BLFd,>;
(4)! <TFdy, LFd;> < <TFd,, LFd,>

if and only if <TFd; < TFd,, LFd; < LFd>>.

A knowledge nodethe senderor receiver of a flow, camalso
generateand request knowleg. Whata nodecan put outdepends on
what knowledge it has stored and what it can getAmode can bera
automaton that holds its own store of knowledge and uses an agent to
help team members use that knowledge

When aknowledge node is/orking it issaid to beactive Ctherwise
it is inactive A nodeswitches between these stateéctive nodes can
self-organize a knowledge organization that can effectively share
knowledge.

The following are properties of a good knowledge flow network

(1)'A knowledge flow network isconnecive if there is a flow pss
throughevery pair of nodes A connective knowledge flow network
requires a connective actual network, but a connective actual
network does notnsurea connective knowledge flow network.
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(2)! A knowledge fow network iscompletefor a task if it is connedte
and its nods correspond tahe teammembers or their roles in the
task A complete network means that no team member is isolated
from the knowledge of any other

(3! A complete knowledge flow network ihe smallestif it has the
fewest possible flows between node& smallest network can not
only eliminate isolation but also achieve effective team knowledge
sharing

(4! A smallest complete knowledge flow network has no redundant
paths between any two nodes

5.2 A Knowledge Flow Process Model

Knowledge can flow through any othe following four types of
connections:

Sequentialconnection Two flows, KF; and KF, merge into one,
KFi/KF,, such thatl) Field (KF/KF,) = Field (KF;) = Field (KF,), or
2) Field (KF/KF,) = Field (KF,) if Field (KF,) < Field (KFy).

Join-connection Two or more flowsconverge tdorm one denotedas
KF1AKF,AE AKFh= KF, such that Field(KFiA KF2AE AKFp
= KF) = Field (KF,) U Field (KF,) U E U Field (KFp) = <LFd; U LFd,
UE ULFdy, TF, U TFd, UE U TFdy>.

Splitconnection A flow KF can be split itb two or more flows,
denoted as KF = KF;vKF,vE vKF, such thatField (KF = KF;
vKF,vE VvKFp) = Field(KF,) uField (KF,) u E U Field (KFp) =
<LFd; ULFd;UE ULFdn, TFdy U TF, UE U TFd,>.

Broadcast A flow KF can be broadcast to many flok§,, KF,, E , KFp,
such that Field (KF = (KFy, KF, E , KFp)) = Field (KFy) =
Field (KF,) = E =Field (KFp).
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The differences between workflow \ww.wfmc.org) and knowledge
flow are asfollows:

(1)! A knowledgeflow cantake inthe knowledge generateat a nodeas
it flows through it A knowledge flow may change its content when
it passes through a node. Workflows regulate the work order among
members

(2)) Much knowledge flow content comesfrom team membe€
experiencecarrying out a task ancannot beanticipaed. Workflow
networks reflect existing business domains and can be designed

(3)!Knowledge flow content comes fromteam membex while
workflow content reflecs either data or executiomlependence
betweeractivities fasks.

For teanwork, the knowledge flow can hmade consistentith the
workflow by having the sammlesin both networks.

5.3 Peerto-Peer Knowledge Sharing

Team members are called peers if they do the same faotke same
type of tasks at the same level of the organizational hierarchy.
Knowledge sharing mak use of the knowledge witha teamto solve
problems more quickly or effectively. Sharing between peers is more
effective than that between ngeers for the filowing reasons.

(1)! Peerwork on the same types of tasks so their experiencanane
relevant for sharing with each other to solve their problems.

(2)! Peers havesome similar knowledge structures so can understand
each other more easily when sharing knowéedg

(3)! Peers have more interests in commorthery can more effectively
share knowledge. For example, two programmers can better share
programming knowledge than either can with a manager.

Organizational innovation is one of the key issues of knowledge
mana@ment. A successful largecaleknowledgeorganization tends to
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have fewer middle layers than an unsuccessful one. Organizations in
some domains, like orchestras, may even have no middle layers at all
(P.F.Drucker ¢d), Harvard Business Review on Knauge
Management@oston, MA: Harvard Business School Prek898). So
peerto-peer knowledge sharing is also a useful aim in structuring a
large-scale organization.

Example. Software development by idtributed eamsfocuses on work
cooperation and resoce sharingbetween physicallydispersed team
membersduring the development. Researcton suchwork focuses only
on asped of technique. Humarmognitive characteristicare seldom
addressed The following are reasons for incorporating knowledge flow
into softwaredevelopmenby distributed tears

(1)! Software development is knowledgeintensive process Team
memberscan improve their work not only by using software tools
but alsathroughcognitive cooperation

(2)! Cognitive cooperation cannot bglanned Team membeR
development knowledge isamed and gathered as their work
proceeds, so cognitive cooperatiommong thencannot beplamed
though it must be encouraged Cooperationin the form of
knowledgeflows is essential

(3)! A distributed team requires efftive and low cost communication
Planned and discipled knowledge flow can cut the cost of
communication and can better reflect thetual work process of
project development.

(4)! A development team should bepported bya formal experience
accumulaion procedure All team membercan use the experience
of their predecessar accumulatedwhile working on previous
projects, sahatthe team can avoidruitlesswork and adapt tany
changeof participants or of roles

There are five cognitive levels oknowledge in software
development, given here from low to high.



Chapter 5 Knowledge Flow 351

(1)! Coding lhowledgehelps membert share programing skills. The
skills of this level are in the formf problemsolution pairs

(2)! Reuse kowledgehelps members taeeusecodecomponents.

(3)! Knowledge of method enables team members &pply known
problem solving techniques Such knowledgeis in the form of
problemmethod pairs, whera method can be process, a pattern,
or analgorithm

(4)! Rules for @velopmenand cooperatiorencourageteammembers to
shareknowledge and experiencehichflow onto othersto improve
their software developmengenerally Rules for ooperationcan
make sharing more efficient, armte very usefufor bringing new
membes successfully into a team

(5)! Decision and evaluatioknowledgeis metaknowledge gained from
developing the knowledge of the other four levels. It reflects the
manner of makingdecisions duringhe development processand
provides guidance inmaking new decisions even in quite new
circumstances

5.4Knowledgelntensity

Knowledge flove can be used to transfer capability andertise in an
orderly andeffective way The major obstacles the absenceof criteria

for assessing the effectiveness okrowledgeflow network andfor
ensuring its optimal opetian. Effectivenesdies in essencén having a
good path for needed knowledgeftmw from where it resides to where

it is needelll across time and space and within and between
organizations asecessary

Knowledgeintensityis a critical parameter in thijgocesswherebya
teammember vith profound knowledgés qualified to occupya position
of very high intensityin the flow network. Good management will keep
knowledgeflowing from those who are more knowledgeable to those
who are lessand scavoidwaded flows.
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The notion ofintensiy reflecing degree of knowledge leado
principles thaprovide objective lawsfor the existenceand development
of effective knowledge flow.

To set upa reasonablecopefor research, the following assumptions
specify the nature ofequality, autonomy, and generosity knowledge
flow networkng.

Assumption. Nodes in a knowledge flow netwaake able toacquire,
use and creaé knowledge It is reasonable to assume that peoplenin a
organizationall havesome ability togenerate, use and spread knowledge.

Assumption. Knowledge nodes share knowledge autonomouslyis
limits researchto the passing and sharing of knowledge among nodes
independently, withououtsideinfluence. Then we cajust focus on
team membersO eftiveness and the needs of the task at hand when
desigring knowledge flow networks.

Assumption. Nodes share useful knowledge without reserve

Knowledge within a team usually covers several areesssified
according tdiscipline. Knowledge can be sb classified intdive levels
as outlined abovéH. Zhuge,A Knowledge Grid Model and Platfim for
Global Knowledge Sharing Expert Systems with Applicatigns
22(4)(2002313-320).

Knowledgearea and level are twdimensios of knowledge space.
An areai and a leve| determine ainit knowledge fieldor unit field for
short) denoted bWFd (i, j).

Knowledgeintensityis aparametethat expresseanodes degreef
knowledgeand reflectghe corresponding persorgdgnitiveand creative
abilities in aunit field. The intensity of &nowledgenodeandits chang
determine the nodeOs OrankOhetveork. It is in direct proportion tahe
aggregaté&nowledgehel by the node
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A nodewith superior knowledge anability to learn, ug and crea
knowledge willbe of high intensity. Tus, we estimate the intensity af
node in aunit field by assessing how much knowledgehe unit field is
held by the node

The knowledge intensity of a node will be different in differenit
fields. We usethe following four-dimensional orthogonal spa&ds to
represent the knowledge intensity dfreowledge node:

KIS (knowledgearea, knowledgdevel knowledgeintensity time).

Any point in ths space represents the knowledge intensits mbde
in a certain unit fielcht certain time. At the given timg, the intensity of
nodeu in unit field UFd (i, j) for a giventaskis Kl (task,u, i, j, t).

In every unit fieldsome wdes need to pass knowledge to oth&ve
candefine aknowledgeflow network for every unit fieldvith flows that
avoid unnecessarknowledge passing.Cooperatbn within a task an
involve many networksone for each unfteld.

5.5Knowledge Flow Principles

It is ineffective if knowledge flow through persons with the same
knowledge structureTherebre, we have the following principle.

Principle. Knowledgeonly flows betweerntwo nodes whetheir intensity
differsin at least one unit field

This can beformally expressed as follows Let u and v be two
knowledge nodesand KI (task,u, i, j,t) and Kl (task,v, i, j, t) be their
intensity in UFd(i,j) at time t. If the following formula holds,
knowledgewill flow betweenu andv.

#i# (Kl (task u,i, j,1) " Kl (task v,i, j,1))! O
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Principle. A knowledge flow networik effectiveif and only if everflow
is toa node ofower intensitythan its source

This can be formally expressed as follow uk is any node ina
knowledgeflow network, with uy.; its predecessor, thethe network is
effective if the followingformulaholds.

Vk(KI(task,u, ,,i, j,t)— Kl (task,u, i, j,t))>0.

Just as for wir or electricity knowledge naturally flowfrom high
intensity nodeso low intensitynodes

Principle. The intensity differencébetweenany two nodesin a
knowledge flow networklways tend to zero. That is, the following
formula holds

i Lim(KI (taskvii, j,0)! K (tasku,i, 1) = 0.

Let nodes u andv bethetwo ends of a knowledge flow in unit field
UFd (i, ). If theyshare their useful knowledgethout reservethe one
with lower intensity will learn from the other, and the differenceheir
knowledge intensityn UFd (i, ) will becomesmaller and smaller with
the passingf time. This effectwill be apparentn aclosed environment,
one in which there igo flow into thenetworkfrom outside In such an
environment all nodes are likely to have similar knadbein the long
term simply from learningtogetherand sharing. All flow could stop
This principleimplies thata teamwill improve its performance more by
learning from outside the team than byly exchanipng knowledge
within the team

Principle. If knowledge depreciation is ignored, the intensity in any unit
field at any node will never decrease
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If Kl (task,u,i, j, At) is the change in knowledge intensitfy nodeu
in UFd (i, ]) in a period of timeAt > 0, thenKI (task,u, i, j, At) shouldnot
benegdive. So we have:

Ki(task,u,i, j,#t) = Kl(task,ui, j,t +#t)" Kl(task,ui, j,t)! O

Knowledgedepreciatiorcan beignored if the flow duration is rather
short or thalepreciatiorrate in theunit field is quitelow.

When the intensity at a node changesto a certain extentthe
knowledgeflow networkshould be reformed if it will improve the flaw

In a competitiveeam each node will attempt facreasdts intensity
SO as toraiseits position and rewards This incentiveinspires team
members to leatrcreate andontributeas much asgssible

5.6 Computational Model of Knowledgelntensity

5.61 Computing knowledgéntensityin a closed environment

We first discuss the simple caséherenodev is the only predecessor of
nodeu, u is the only successor 8f and the knowledge intengiof node
v is aconstant. The knowledge intensity afodeu in unit field UFd (i, j)
at timet, Klgpseqd(task,u, i, j, t), has the following features

(D! Klgosed(task,u, i, j, ) monotonicallyincreases

(2)! Kleosed(task,u, i, j, t) tends to that of its predecessan the long term
So theeventualstable value oKl¢esed(task,u, i, j,t) is that of its
predecessothat is Klis = Klgjpsed(task,v, i, j, 0).

(3)! Therate ofincrease oKl¢josed(task,u, i, j, t) is in direct proprtionto
two factors one isits current intensity and the otherttee ratio ofits
difference fromits possiblestable value oKl to the value oKlys.



356 H. Zhuge, Thé&kKnowledge Gridd TowardCyberPhysicalSociety, World Scientific2012.

From the above analysis, webtain the following nonlinear
differential equationwhere! is the proportionality coéitient andKl
is the initial intensity of:

?SdKldosed(task ui, j,t) _ & Kl %Kl oog(tasku,i, j,t)
# dt Kl
'!l Kl u0 =Kl closed(task u, i, J’O)

)KI closed(task u, I ’ J 1t)

fs

The following isthe solution of above equation:

- KI fs
closed(taSK u,t, J st) =

I f
1+ s _ efx’Lt
(KI wo )

While the knowledge intensitat the source node changes with
time, consequenintensitychangeat u comes afterthat atits predecessor.
Let the intensity ofnode v in unit field UFd(i,j) at timet be
Kleosed(task,v, i, j, t). Then we have the following equation:

KI

?dchlased(tasku!il th) = &(KI closed(taskvlix Jlt) %K closed(taskulil Jlt))KI
# dt Kl gosed(taskvii, j,t)
L KI uo = KI clused(taskuvi ’ J ,O)

c\osde(task u, i| ],t) .

The following isthegenerakolution of the above equati, whereC,
is a constant:

Bl o (task u,i, j,t) = 1
! ' &
b KI uo = KI cIosed(taSK u, I ’ J 10)

e

——_dt
I closed(taSkﬂ Vi, J vt)
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We can get the solution oKlgpsed(task,u,i,j,t) by replacing
Klcosed(task,v, i,j,t) in the above formula with theappropriate
expression

For exampleijn a closedteam composed of three aws,let a be the
predecessoof b, andb be the predecessor of Let Klgosed(task,a, i, j, t)
be a constanKlz. Then we getbé intensity functiorfrom the above
formula as follows:

Kl closed(ta’Sk' b! I ’ J 1t) = Kll<| 20 ’
1+ (20 -ne™
Kl o
And c@ intensity functions
Kl oKl o

Kl Closed(task C,i, J,t) =

"y Kl " Kl Kl .
Kl + (Kl " Klpp)/te " +( a0 «0) b0 o'/t
Kl

5.6.2 Computing knowledgéntensityin an open environment

In an operenvironment a knowledge node can learn from the external
environment as well asom within its team

Let Klopen(task,u,i,j,t) (in short, KI (u,t)) be the kowledge
intensity value of node in UFd (i, j) at timet in an open environment.
It is composed othe intensitycoming fromwithin the team (denotebly
Klin (u,t)) and that from the externaénvironment (denoted by
Klout (u,t)). Theoverallintensiy atnodeu is thus

Kl (u,t) =Kl (u,t) +KI . (u,t) .

In an open environment, the nodes that have &ightensity will
absorbknowledge more rapidly than those with lower The rate of
increase oKl (u,t) is in direct proprtion to u® intensity. And when
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the intensity ofpredecessonodev is higher tharthat ofu, Kliy(u,t) can
be computeds described above

Therefore, we canobtain the following nonlinear differential

equatiors, where! and" are proportionality coefficients ari€l is the
initial knowledge intensity ofi:

$EKI (U,t) = K1, (u,t) + Kl (u,t)

| iL"’“‘(U’t) = KI (u,1)

L . if KI(v,t) &KI(u,t) >0
i : dKIi(njt(u,t) :((KI (V’Q&KI (u’t))KP(u,t)

- (v,1)

WK, = Kl (task u,i, },0)

i $KI (u,t) = Kl (u,t) + Kl (u,t)
bl

1 WD) oy )

# dt , it KI (v,t) &KI (u,t) %0
K (u,t) =0

MKl = KI (task u,i, },0)

Its generalsolutionis as follows, where&; is a constant:

;$i$K| (u,t) = ! L el

Py C,e4(t 4 )it = ___dt, if KI(v,t) &Kl (u,t) >0-
# 0Kl (v,t)

LK, = K1 (u,0)

v Kl (u,t) = KI e, if KI(v,t) &Kl (u,t) %0

By appropriatelyreplacingKl (v,t) in the above formula, we can get
the solutiorfor Kl (u, t).

Usingthis approach, we can computbangsin knowledge intensit
at nodes of a network a closedor open environment based tmeir

initial intensites, their learning ability and their predecesr node®
intensities
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The following will discuss how to stimate the initialknowledge
intensity.

5.6.3Knowledge Intensity Evaluation

Knowledge can be explicit or tacitExplicit knowledge is expressible,
linguistic, and simple to encode. ag@it knowledge comes more from
experience and intuition, and is therefore much morécdiffto pass on
(K.C.Desouza, Facilitating Tacit Knowledge Exchange
Communications of the ACM&(6)(200385-88; I. Nonaka,A Dynamic
Theory of Oganizational Knowledge Creati, Organization Science
5(1)(199414-37).

Explicit knowledge is easy to assess by using objective methods such
as statistics.Tacit knowledgds difficult to assess because it is often at
least partly subconsciougM. Mitri, Applying Tacit Knowledge
Management Techniques for Performance Assesd Computers &
Education 4(2003173-189).

Combiningan objective evaluation approachkith a subjectiveone
could be a good way toassessknowledge intensity (HZhuge, A
Dynamic Evaluation Approach for Virtualo@flict Decision Training,
IEEE Transactions on Systems, Man and Cyberne3@@)(2000874
380; H.Zhuge and Xiu, A Fuzzy Online Collaborative Assessment
Approach for Knowledge Gridi-uture Generation Computer Systems
20(1)(2004101-112).

The objectve approachuses the quantity and quality of a nodeOs
explicit knowledge The subjective approadhses questionnaires for
completion by the node sélf and by others, andassessmenbf
achievement. Although the tacit knowledge andhe cognitive and
credive abiliies of a node ardard to assess, they can leferred
subjectivdy to some extent. The nodewith more knowledge always
emits better informatiorand one with more ability always @ts better
evaluatiors.
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5.7Knowledge Spiral Model

Knowledge spials ae formed when knowledge flovikroughnetworks.
A node can deliver knowledge to its successors eiblyeforwarding
knowledge from a predecessor byrpassing on its own.

Fig. 5.7 depicts a knowledge spiral, which consists of nodes with two
typesof flow:

(1)! External—knowledge pssed between nodes
(2)! Internal—knowledge created at a node, for example through
abstraction, analogy, synthesis or reasoning.

The knowledge spiral model is very similar to the hypercycle model
(K. Oida, The Birth and Death Press of Hypercycle Spirals, in:
R.K. Standish, M.ABedau, H.AAbbass, edd.Artificial Life VIII, MIT
Press 2002. The selfreplication arc and the catalyisupport arc of
the hypercycle correspond to the knowledge passing and the knowledge
processingespectively. The differences are twofold: Badplication in
a hypercycle is carried out within nodes but knowledge passing is
between nodes; and catalystipport in a hypercycle happens between
nodes but knowledge processing happens within nodes.

Knowledge
Processing

Knowledge

Passing !

U Knowledge Node

Fig.5.7Knowledge spiral process model
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An effective knowledge spiral should maintain thetensity
differences between nodes amdsurethat only needed knowledge is
passed between nodes. The processing at a knowledge node can
modeled as an automatoiKnowledge can also breodeledin a conflict
environment(H. Zhuge, Conflict decision traininghrough multispace
cooperationDecision Support Systen22000111-123).

In general, work and knowledge both flow within a te@giZhuge,
Workflow-based cognitive flow managemenor f distributed team
cooperation Information and Managemen#0(5)(2003419429. A
team member can take on one or more roles, and a role can also be part
of other roles. Some roles take part in knalgke flow spirals and others
carry out the tasks specified in work lists.

A knowledge flow spiral cabein one of the following four states

(1)! satic: creating and storing knowledge.

(2)! Active fulfilling roles.

(3)! Suspensionwaiting for something

(4)! Termination reaching either the successful or the unsuccessful exit
node.

5.8 Knowledge Flow Network Planning

Planning the knowledge flow network for a team means describing and
designing a network free of unnecessary flows so that the network is
efficient and effectie. The success of the planning depends on the
experience of the planner. Planning a large network is time consuming
and may need a teamf planners. Without an agreed abstraction method
planners will find it hard to work together and to bring abouablaerent
plan. Thesdifficulties are the main obstacles to planning successful
large knowledge flow networks

5.8.1Composition operationsind principles

A knowledge flow network can be made from two or more existing
networks by using the following comsgition operations.
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(1)! Merge overlay common nodes

(2)! Add flow connect nodes between netwarks

(3)! Add condition add ajoin or split to express the relationship between
flows related to the same node

(4)! Embed put one network entirely within a node of another

(5)! Graph operations combine networks with union, intersection, or
subtraction.

Flows should be added whenever nodes have unit fields in common.
Conditions should be added when a node is itself a network.

Composingknowledge flow networkslsoinvolves composng their
roles. Let Rel be the relationship between the roles RoleSat
Roles = <RoleSet Rel> and Roles = <RoleSef Reb> the role models
of two networksKFN; and KFN, of the same team (maybe created by
different planners), and&kFN the union ofKFN; and KFN, (that is,
KFN; U KFN,). The role model oKFN can be obtained by using the
following union operation:

Roles= Roles U Roles = <RoleSetu RoleSet Rel L Reb>.

People, teams and tasks are the three main considerations in building
a knavledge flow network. Composition of networks should resfeet
following principles

The flow effectiveness principle Composition of knowledge flow
networks shouldensurethe effectiveness of the composed network.
Effectiveness will be achieved fifows in the same chain share the same
knowledge space or subspace so that the right knowledge can be
delivered to the node in need of it, and so that the content of a flow can
be stored at the right node. Where there atensity differences
between nodesknowledge flow is only effective from the node with
higherintensityto that with lower.
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The organizational effectiveness principle Composition of knowledge

flow networks will not be effective unless it meets the regulations and
targets of the teamlf the composition requires that the team exgand
then the expansion should help meet regulations and targets, for example
in respect of profit, security and copyright.

The task relevancy principle Knowledge gained by the composite
team should help theeam complete its tasks. If knowledge resulting
from the composition does not help task completion, then the
composition is ineffective.

The mutual benefit principle. All members of the team should benefit
from the composition, for example by gaininglpful knowledge or by
increase irsomereward. Otherwise, the team may suffer from lessened
cooperation in the longun.

The minimum coverage principle The composite knowledge flow
network should be the smallest that includes all the nodes and ffows o
the original networks. In other words, there must be no redundant flows
or nodes. Otherwise effective knowledge sharing cannot be assured in
the composite network.

The trust principle. Effective cooperation requires that team members
trust each othesis much as possible.

5.8.2Knowledge flow network components

A largebscale building block used in the design of knowledge flow
networks is the knowledge flow componentt is a knowledge flow
network that iSndependentencapsulatedandcomplete

Independence Processing within a component should be relatively
independent of that in other components. Consequehtydensity of
knowledge flowpathswithin a componentis usually higher than that
between components.
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Encapsulation It can itself baised as a knowledge node. A knowledge
flow component can be normalizéal havejust one initial node and one
successful final node. Any external knowledge flow can only use the
component through those two nodes.

Completeness The knowledge flow process complete in bothuildb
time (definition phase) and rBtime (execution phase).

A knowledge flow networlcomponent is calledefinition complete

(1)! every internal node has at least one iremd one output flow

(2)! every internal flonexcept from the fial nodegoes o an internal
node

(3)! the final node candéreached from the initial nogdend,

(4)! there is no isolated node or subnetwork.

Execution completenesequires that all restrictions and conditions
be met duringexecution and that the execution tfie knowledge flow
component can be treated as that of a single knowledge node.

Components can be used to compasknowledge flow network.
Using known and wellinderstood patterns of flow can help planrters
compose effective aw networks in the same waas using design
patterns leads to effective software engineer{ifgGamma, et al,
Design patterns: elements olusable objecbriented softwarePearson
Education 1995. It canalso promote understanding between planners.

A knowledge flow network geern isan abstraction ofa mode of
teamwork. In the patternevery nodeshouldbe reachable from every
other node via a path of nodes dhmivs under certain constraints. The
flow characteristic of the pattern is pEBeEpeer.

Further workneeds to belone orthe following aspects:



Chapter 5 Knowledge Flow 365

(1) Mathematical models for adapting a knowledge flow network to new
conditions

(2)! Algorithms for matching patterns and components afod selecing
usable onesand,

(3)! Approaches that consider intention, trust and béBed.Grosz and
S.Kraus, Collaborative plans for complex group actipmrtificial
Intelligence 86(1996269-357).

5.8.3The team organization principle

Trust between team members is an important factor thettafteam
cooperation. Peoplmore trusted by currerittam membershouldbe
preferred when recruiting.

The distribution of page ranks of the Web obeys the Oplawéy
and Othe rich get richerO rules, and so do aspects of many other networks
(L.A. Adamic and B.AHubermanpPowerLaw Distribution of the Vérld
Wide Weh Science287(24) (20002115.

The distribution of trust levels is somewhat similar to that of Web
page ranks because nodes with high trust levels have more opportunities
to cooperate than nodes with low trust levels.

However, knowledgalifferencestend to level off, a tbe poor get
richerO rule, because a node with less knowledge can gain from nodes
with more (that is, knowledgetensityalways tendto equilibrium).

The following principlecannow be affirmed.

Principle. A team prefers theecruit who has more knowledge and is
highly trusted by more team membhers
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5.9ResourceMediated Knowledge Flows

Knowledge flowscan begenerated and carried out by asking and
answering; knowledge flowing from the person/role who answers a
guestionto the persorrole who asks the question.

Some relationships between resources reflect knowledge flows
between resources® authors. For example, citation relationships between
scientific papers reflect knowledge flows from an author of a paper being
cited to an author of the paper that cites it. A citing paper is a confluence
of incoming knowledge flows and a source of output knowledge flows
conveying the innovation of its author(s). ,So resourcBmediated
knowledge flow management tool would be verseful in managing
knowledge and in exploring the nature of innovation in scientific
research.

Hyperlinks between resources reflect a kind of weak citation
relationship. Semantic relationships between resources can be set up to
refine the citation relatiwship by using tefimining approachegfl).Han
and M.Kambr, Data Mining: Concepts and Techniquddprgan
Kaufmann Publisher2000.

In resourcemediatedmode,knowledge flows through four types of
links: question answering linkgitation links hyperlirks andsemantic
links, as shown by the broken lines in F5g9.1

Algorithms for computing the rankim a knowledge flow network
can be designed with reference to BageRank algorithm(J.Kleinberg
and SLawrence, The structure of the Weégience 2%(30)(20011849
1850.

A Knowledge Grid environment has three flowknowledge
information and service The CybefPhysical Society further includes
material flow, energy flow, and monetary flow.

Exploring their common featuresan lead to thedesign ad
implementabn of a uniform flow model. Irdepth investigation of
knowledge flowinvolves interdisciplinary researchinto management,
cognition,psychologyand epistemology.
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Recognizing and understanding knowledge flow between scientists is
valuable for science Citations between scientifiarticles imply a
knowledge flow from the authors of the article being cited to the authors
of the articles that citét. Discovering knowledge flow in scientific
papers was studied irH(Zhuge, Discovery of Knowledge Flow in
Science Communications of the ACM9(5)(2006101-107).

Question Answering

CISO1

General knowledge flow

Person;

Write Write
Semantic link JV
P o
Resource; - ----- Citation ------- Resource,
D .

Hyperlink

Fig. 5.9.1 Resourcemediated knowledge flows

The knowledge implicly flows throughthe citation networlwith
the following activities of nodes:learning, reasoning fusing,
generaliing, inventing, and problersolving With the evolution of a
scientific research area, the knowledge flow network evolves with the
citation networkand acts differently idlifferent phases

Knowledge flownetworksare extended witltontinuousexpansion
of the citation network Scientiss can interest andpublish n several
areas,and thus benvolved in different knowledge flownetworks This
enables knowledge to flow through knowledge networkdifferent
areas to promotimterdisciplinaryresearch.
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One characteristic ighe reachability— knowledge of author AOs
article can reach C when C cites BOs article and B cites AQs #riicle.
also cites D, knowledge of D can also reach C. B actually fuses
knowledge from A and D.

The reputation of a node in knowledge flow network is relevant to
the centrality (e.g.,citation numbey, but a highly cited nodée.g., a
survey papermay not be the source of knowledge. So, the rofes
nodesshould be differentiated.

Implicit semantic links exist between scientists, scientific activities,
and scientific entitiesuch asjournals and research institutions. These
semantic links constitute a scientific semantic map. Knowledge flows
along semantic linksuch asio-autho©and Gupervis®prior to other
links to constitute a knowledge map. Such a knowledge map is dynamic
and it cauld be discovered bgnalyzingthese links.

The contact nsvork and the virus spread characteristitetermine
the spread ofepidemics, so the evolution dhe contact network
influencesan epidemic Appropriately adajrg the contact network can
control an epidemic.

Knowledge flows througla semantic link networkan be reflected
by such models as knowledgdisseminationand query routing.
Changinga semantic link network mamnfluence the efficiency of query
routing. The knowledge dissemination adel resembles the spread of
infectious disease€hangingthe semantic link network will influence
the knowledge flowing through it.

Knowledge flowswork onknowledgelevel cooperationwhich pass
throughthe interaction among team members and come agtivity-
level cooperation. So, integration of knowledge flow network and
workflow network is necessary in real applicatiohk Zhuge,et al.,A
timed workflow process modelournal of Systems and Softwab&(3)
(2001)231243 H.Zhuge, Workflow-and agat-based cognitive flow
management for distributed team cooperatidmformation and
Management40(5)2003419-429.
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Knowledge flows fge frequently when used, arttieir contens are
not predictable. Effectively managing knowledge flows within a team
canlead to effective team knowledge management and eventually raise
the effectivenesand efficiencyof teamwork.

Coordinating and fusindgnowledge flovs, data flows, and control
flows, and integrating knowledge flows and workflows, are powerful
meandor making an effectiveteamwork

With the developmenbf the Web, the growth of human knowledge
is relying on Web searciB( Sparrow et al, Google Efects on Memory:
Cognitive Consequences of Having Information at Our Fingertips,
Science August 5, 2011;J.Bokannon, Searching for the Google Effect
on Peopl& Memory,ScienceJuly 15, 2011).

The codified knowledge orthe Web is like an external brain.
Posing knowledge on the Web and seanthknowledge from the Web
knowledge flows through users and the Webig. 5.9.2shows this type
of knowledge flow. The arc arrowsin redcolor represent knowledge
flows. The knowledge flow network of this type is simple in structure
but knowledge flow is dense due to large number of users
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Fig.5.9.2 Web-centered knowledge flowT he codified knowledge on
the Webevolves with continuousiser€xontribution andactivities
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Different from the centralized structure, Chapter 8 will introduce a
peerto-peer knowledge sharing network.

Knowledge flow spirals are formedhenknowledge flowshrougha
network. A knowledge nodéscientist) can deliver knowledge to its
peers by forwarding knowledgehitisreceivel, or by posing knowledge
it generateson the Web The received knowledge insgpi&r a node to
generate new knowledge Knowledge flow can be in form of
broadcasting(e.g., keynote), writing oreadingthe Web contentsor
guery routing(e.g., email) A knowledge spiraincludestwo types of
flow:

(1)! external knowledge flow- knowledge fowing between nodesnd

(2)!internal knowledge flow— knowledge arising within a node as the
result of procesng.

Scientific activities involve in the following spirals

(1! A rising spiral has anincreasng rate of citations over time. It
involves ina rising research groupln contrast, alescending spiral
has a decreasing rate of citatioisinvolves ina decliningresearch
group.

(2! A rising and expandingspiral is a rising spiralthat includes an
increasingnumber of authors over timdt involves inarising and
expanding researajroup

(3)! A falling and shrinkng spiral is a descending spirdhat is losing
contributors It involves inadeclining and shrinkhg group.

(4)! An authoritative spiral requires that allof its nodes remain
authoritative. It involves inan authoritative research group.

(5)! An original spiral has at least one source nodeinvolves inthe
presence of an initiator.

(6)! A downstreanspiral containsontributos who often cite othes but
are seldom cited by other
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Knowing aboveknowledge fow spiralscan helpscientiststo explore
knowledge evolution in research community developmentto make
appropriateesearctplan

5.10Exploring Knowledge Flows

5.10.1Market mechanism

Optimizing knowledge flow process toavoid unnecessary knowledge
flow and stimulaing individuals to actively contribute knowledgeare
two goproaches tmaintain an effectivknowledgeflow network

Previousy, we assume that knowledge nodes are all willing to
contribite knowledge Actually, peoplewould probably hesita to do
this way,especially when they consider the cost of generating knowledge
and worry about losing position iarganization Incentive mechanism
will influence the performanceof aknowledgeflow network.

Except altruistic behavios, individual motivation of sharing
knowledge includes the following aspectexpectation of gaining
material or monetary rewards; expectation of gaining appreciation,
recognition reputation, etc;and, expectation of gainhg knowledge
reciprocitywith others whemeeded.

Studies have shown that organizations actubadijzave agpotential
knowledge markets, with buyers, sellers, and brokérdine knowledge
exchang markets classiication of users,reputation mechanismsand
dynamic pricing algorithms are topics of researcliV.L.Smith, An
Experimental Study of Competitive Market Behavialpurnal of
Political Economy70(1962)11137).

A knowledge srvice is the integration of systematic knowledge and
the mechanism of usinthe knowledge to perform a tasknowledge
service is staticin definition but it is dynamic during supplying.
Different from ordinary services, the service receiver could obtain some
knowledge from the provider by the underlying knowledge flow network
during knowledge service process.
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Different from exchanging knowledge that faces the trouble of
speculatiorand unfair price because of high cost of knowledgeation
and low cost ofknowledge duplicationknowledgeservices are more
suitablefor marketing

Knowledge service in society pussgrofit, andservice and market
are inseparablélhis inspires us toestablisha knowledge servicenarket
over knowledge flow network to stimulate knowledge flow and
knowledgeservices (H. ZhugeandW. Guo, Virtual Knavledge Service
MarketfN For Effective Knowledge Flow within Knowledge Grid,
Journal of Systems and Softwa8€ (2007) 18381842.

Establishing knowledge service market mechanism over knowledge
flow network is away tomaintain an effective knowledge flow tmerk.
A knowledgeservicemarkethas the following fects:

1. 'Simulating cooperation Virtual money earnedfrom selling
knowledgeservicescan qualify nodes to buy when they needed
whichis a kind of indirect reciprocityM.A.Nowakand K.Sigmund,
Evolution of indirect reciprocityNature 427(27)(2005)2911298.
With the epectation of future gairpeopletend tosell knowledge
services

2. Winwin. Buyers can obtain needednowledge service to
accomplish their asks and sellers can promoteputation and
friendship that can affect the possibility obtaining knowledge
services at a lower price.

3. More pay for morework The quantity of virtual money and the
degree of reputationeflect the contribution of peopleMore
contribution can earn more rewards, atwh thuspurchasemore
knowledge services. Those never provide servioeothers will
not be served, so fre@ing can be avoided.

5.10.2Knowledge growth

Exploring knowledge flow concerns fundamental understanding of
knowledge. There are many probins remain resolved. For example,
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when can humansontribute to maintain an effectivanowledge flow
network? Obviously, infantgould not.

Humansneed to grow knowledg® a certain extertiefore hey can
participate inand contribute tceeffective knowledge flow networkng.
The process of growing knowledge includles followingsteps

(1)! Establishor enrichconceps.

(2)! Establshor enrichclassifications, on concepts and on classifications.

(3)! Establish or enrich links, between entities, between entities and
concepts between concepts, and between classifications.

(4)! Learn to reasoning, from simptelationalreasoning and inductive
reasoning to logicaleasoning and complex reasoning, and carry out
reasoningo derive new classifications and links.

(5)! Establish theinitial notiors of dimension andspace, and establish
spaces

(6)! Establishor enrichmethods for solving problems.

(7)! Ask questios according to the established concepts and reasoning.

(8)! Receive answerand link the questicmanswer to relevant concepts
and methodfor enrichment

H. Zhuge, The Knowledge GridD Toward Cyber-Physical Society,
World Scientific Publishing Co, 2012.



