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Network Analysis and Project Management — an
Overview
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Abstract

The network analysis results have used for appicaasks solution in project management. This pgpes an
overview of basic network analysis problems and atsme other ones in project management field.aFtiede
briefly describes the situation in finished softev@roducts for project management as well.
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INTRODUCTION

This paper is divided into 8 following parts: a jert and its graphs, time analysis,
resource analysis, cost analysis, traditional ptojmanagement approaches, non —
traditional project management approaches, cuseftivare tools and experiences with

applications in Slovak republic.

1. APROJECT AND ITS GRAPHS

A project — it is some complex or real task suclad®use building, reconstruction
of production hall, a product introduction, etc.€Tlproject consists of many partial
activities. Some of them can be done by seriessante of them by parallel. One activity
is a set of labor hasing the same technical canditto neighborhood. It is a practice to
specify them in particular field. These activitea® used in a project as one unit but they
can be divided into the parts in the engineeriragtice.

We will study conjunctive — deterministic projeatsly, i. e. such project P that:

a) to every activity of P is given a positive reahtber as its duration,

b) given activity i of P can start only at that tinfieall immediate predecessors are

done.

Table 1 describes the example of the project; $&epf. 77].
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Table 1: The house building

1. setting out the building estate

2 delivering the building material$ 2 0

3 dining the foundations 2 1,2

4, building the foundations 2 3

5. building the walls 7 4

6 building the roaf 3 5

7 covering the roof 1 6

8 plumbing outside the house 3 4

9. plasterworking outside 2 7,8

10. putting the windows in 1 7,8

11. putting the ceilings 3 5

12. laing out the garden 4 9,10
13. plumbing inside the house 5 11

14. putting insulation on the walls 3 10,13
15. painting the walls 3 14 |
16. moving in 5 | 15 |

Other type of projects (e. g. conjunctive — stotihagre mentioned in the literature
but they have not such applications and therefaevill not talking about them.

We can allocate two different graphs into this potj (1) network graph N(P) of a
project P, (2) activity graph A (P) of a project P.

In network graph N (P) we present every activityfl P by an oriented edge
evaluated by its duration time. dMore precise description of network graph corcitom
is given in [SS1] and [GV]. We only notice thatgtgraph N(P) contains this activity
edges and also fictive edges that are useful fofopeance coordination between

activities. Figure 1 give the network graph N (P}re project P presented in Table 1.
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Fig. 1. Network graph N(P)

In activity graph A(P) we represent every activitf P by a vertex evaluated by its
time d . We join two activities i, j, by oriented edge jfi, if the activity i is immediate
predecessor of activity j. Moreover there are sdioteve activities joining the start s the

project P and the finish vertex z of P. Figure &ghe activity graph A(P) of the project
P from Table 1.
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Fig. 2. Activity graph A (P)

Network graph N (P) arise in 1957 as first graphrmw activity graph A (P) is the
most used. Both these graphs must be cyclic andabiss controlled automatically in
current software system.

Time analysis, resource analysis and cost anabgssimilar for both types of
graphs. Therefore we have been talking only abctinity graphs.
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2. ATIME ANALYSIS

Every project starts at beginning (vertex s) antina 0.Time in counted as discrete
time form o during whole project duration.

In time analysis we use only time and topologiedtions between activities given
by edges of graph A (P). We do not use resources.sWhpose that there is enough
resource of every needed type. For every activitwei compute the first possible
beginning tof i and the last possible beginningof i.

The first possible beginning we compute by forward way (from start s to goal z)
this way:

ts=0

t; = max {i + duration activity k/ for all edges [k,i] of A JP

Specially, we receive at least possible end ofpttogect § for fictive activity z (the

goal of P). We put these timgetqual to the last possible end of the projeci.le. t =T,

We compute the last possible beginningoT activity i to the the step backward
(from the goal z to the start s) in this way:

T,=t

T; = min{T; — duration activity i / for all edges [i, j] of )}

Figure 3 shows numbersaind T for every activity i of the project given in Takle

14/14 17,17 22,22 2525 28,28
6

Fig. 3. The whole reserves and critical path

The difference m= T; — t between the latest possible and the first possible
beginning of activity iis called the total resergé activity i. In the current software

system there are used these ones and also fuedewes of activity i.

104



Network Analysis and Project Management — an Overview

Critical path of Project P is the longest pathristaat vertex s and finishing at
vertex Z. The length of a path is the duration safractivities lying on the path. Critical
path of project P see at Figure 3. It is the pathl( 3, 4, 5, 11, 13, 14, 15, 16, z). We
mention that one project P can contain more thanaoitical path. Moreover, the sum of
the whole reserve of any critical path of projeds B.

Current software system for network analysis argjgot management illustrates
the results of time analysis by Gantt diagrams k& idiagram with two axis x, y where on
x is time and on axis y are different activitie®r Fletails see [U1], [T2]. Now we will
talking about a resource analysis.

3. RESOURCE ANALYSIS

Generally, we need several resources for any progalization. Some of them
depend on themselves. In the literature and alsbercurrent practice it is supposed that
resources are not mutually dependent. Then we afb@sider any resource separately
what we will suppose in the future.

After time analysis we must count the demand ofevesource in every discrete
time. This is done for either left — hand side plare. all activities start in first possible
time) or right — hand side plan (i. e. all actiedistart in latest possible time). The left —
hand side plan is used more then right one. Theltre$ this counting is step curve
different form abscissa.

In resource analysis there are two professiondllpros [GV1], [SS1]:

a) to arrange the demand of every resource,

b) to assign constraint resource to activities.

In the first problem there are used three critefiarranging of a resource [ZR1], [T2]:

1) The dispersion of the resource demand,

2) Maximal absolute deviation from average demand,

3) Maximal demand to a resource.

Lett=1, 2, ..., N is a discrete time in projectlet Z (t) is a demand of resource Z in

_ 1<
time t. Let Z :—ZZ(t) is an average claim of resource Z per time urtierT the
t=1

. , 2 13 S\
demand dispersion of resource Z3% = NZ (Z(t) - Z) .

t=1
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Criteria number  one requires to minimize dispersionS§ .

Criteria number two requires to minimize the redatimax(Z(t)—Z).
to(LN)

Criteria number three to minimize the reIatimax(Z(t)).

tO(LN)

There are different approaches this optimizatisk taut none of them give an
optimal solution of these tasks. They give appr@tion solutions only. For example this
approximation algorithm of A. R. Burges for one aece is published in [K1]. The
algorithm for one project for several independesources providing one activity needs
only one resource is published in [K1]. Levy, Thaop and Wiest study problem of
several project and several independent resowseeqdB2, p. 32].

Now we will study the second main problem. Let upmose that arranging of
every resource is done and we have less amourdnoé sesource that is needed. Then
the project realization is late. Algorithms allati of delimit resource would allot the
delimit resource at smallest possible delay offiitig project time.

Probably the best know algorithm for resource aligtis algorithm of J. E. Kelly
solving this task for one project and one resoui€&]. There is a generalization of this
algorithm for one project, several independentuesss and assumption that one activity
needs only one resource. The problems of allot&sgurces for more projects would be
discussed in part six (non — tradition approacbegroject management). Now we will

study one specific resource — money.

4. COST ANALYSIS

A project costs — there is money necessary foreiddization. Cost analysis solves
optimal synchronization between project costs ame ©f project realization. First of all
we will talk about project cost, project durationdafinally about basic facts of project
shortening.
We will specify the activity costs and the projeosts this way:

a) Direct activity costs usually contain the sum ttie costs of materials
equipments, salary of particular employees, ete dinect costs of a projec ¢
are a sum of direct costs of all their activities.

b) Overhead costs on a project are usually giveovashead expenses per time

unit g,and their amount is given by multiplying of lzy project duration.
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c) Project extension deficits — they are determic@acerning (T — Tp), where ¢
are project extension deficits per unit, i$ a planning time of project duration
an T is a real time of project duration.

d) Total costs c(T) for project realization per tim@re given by:
C(M=G+6 T+ (T-T)

Duration of an activity usually is not a constant b consists of upper duratiofy t
lower duration % and further discrete values between them. Uppeatidur t' of an
activity is a activity duration with minimal resa requirements. We do not permit the
extension of this duration behind the valtibecause of technological or other reasons.

Lowe duration % of an activity is a value that it is not possiléeluce by further
increasing of direct costs for the activity of upithe same technology. If activity
duration is the greatest# t' than its direct costs are the lowest and equal. tuice —
versa, if its duration is than the direct costs are the greatest and equél The relation
between activity duration (axis x) and direct cadt¢heir activity (axis y) is in the figure
four. It is termed cost curve pre one activity. Tdust curve of whole project had the
similar shape, [U1], [SS1].

cA
A=t e"]

e t' B =t ¢']

v

Fig. 4. Expense curve of an activity

In the literature it is usually suppose that castve of the project is continuous,
nonlinear and convex. During the project extengtoa nonlinear part AB of project is
a approximating by line passing the point A, B.

e —¢
¢ = -at + b, where g, :ﬁ
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Index ais constant of costs gradient and it expreseséase of costs per unit of
extension of project duration- Well — known methafcturation extension of the project
is Weber's methods described in [Ul]. Further mdth@f project abbreviation are
described in [W1], [ZR1], and [B1]. All these metl®give a heuristic solution of this
main task: To determine the optimal duration ofrajgrt (ad hence duration of all
activities) using this input data:

» upper and lower duration of every activity,
» upper and lower direct costs of every activity,
» planning time T of duration of this project,
* project extension deficits towards planning timg@r time unit.
Current algorithms of solution for this main task aot published and moreover,

they are business secret of particular firm.

5. TRADITIONAL APPROACHES TO PROJECT MANAGEMENT
Methods of network analysis are used in practicgpfoject management. First of

all we urge that a project is not only event bwgoalts preparation, realization and
documentation. Project management needs five diffemanagement activities [T2],
[P1]:

1) defining of project goals,

2) planning of fulfilling project goals,

3) managing of project implementations,

4) monitoring of project activities process,

5) finishing of the project.

Now we notice only some main application problerasaerning the previous five
points. Detailed description of these activitiesuldobe longer and it is not a goal of this
paper.

1) The definition of project goals would contain ree@ble material and verifying
acceptation criteria to make sure the final outpueally acceptable. Every goal
have to contain exact and clear defined conteotde gincluding the deviations)
dead line, person who is responsible for goallfai&ént, way and periodicity of
evaluation, see [P1], [B2].

2) Planning of goals fulfillment should have contiittowing properties, [T2]:

a) identifying all activities necessary for projéoishing,
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b) it should have contains flow chart to set thedevities,

c) defining necessary sources and time of theiriegibn,

d) it had the budget for every activity,

e) it contains back — up for unpredictable events,

f) the plan is credible for implementation and pobj@managers, too.

The credibility of plan (property f) is importantdng the whole realization of the
project. Reserves (property €) need some methogdtogconsidering of project risks.
These risks are uncovered before starting of thgepr and during the morning of project
process. Some methodic are published and someenf #re firm property only, [K2].
The main properties of these methodic are describdd@2]. The term — project risks
relate with the term critical path described is ¢thapter network graphs, part 2.

3) A problem of project implementations managing angroblem of monitoring

project activities process are detail propositifnasne of project management.
We will not describe them here but readers canivecme basic knowledge in
[G1], [C1] and [SJ1].

4) The best reason for project finishing is fulfiémt of all project goals defined at
the project beginning. Necessity of all resourcas change during the project
realization but only by change process. Projectcasg depends on many
factors, e. g. clear and stable project goals, izagh customer, experienced

management, early project actualization, etc. ésep [C1], [IB1]).

6. NON - TRADITIONAL APPROACHES TO PROJECT MANAGEME NT

A critical path of a project determines time necessar project finishing. Every
activity of a project can loose therefore there iasert some activity reserves into the
project. They are based on pessimistic forecastvefy activity duration. E. Godratt
proposed to change this standard technique thig@aly
Time change:
We will not estimate duration of every activity Ipessimistic forecast but the most
probable estimation. We will not assign the reseteeevery activity but only:

« tothe end of a critical path (it is called projbcifer),

e to the end of every project branch concerning teriical path (it is called

joining buffer).
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When the activity duration will be greater tharithestimation, we will draw the
rime from the nearest buffer. The time is not erodigr multiproject management.
Resources are usually narrow and are used in dguajacts at the same time. Then,
very strong relations between projects as consegsesf€ resources exist, there.
Resource change:

E. Goldratt suggested carrying — out everything tietate to one project resource, at
once. More precisely, either bond of successiondtivity graph or bond of using the
same resource can give the dependence betweenctivities of one project. Then we
have chains of sequentially depending activitidse Tongest chain from these chains is
called critical chain. The critical chain is diféat term then the critical path. In critical
chain, we work with time reserve by project buffejoining buffer analogically as it was

in the previous part when was concerning the time.

7. ACTUAL SOFTWARE POSSIBILITIES
In this part we give only necessary orientationtdaand we will not promote any
software system.

1. Software system MS Project, version 2000 of fiviierosoft has been using by
all universities for a little tariff. This systens ivery useful for teaching of
project management and for first professional erpents with a project.

2. Society for Project Management in Slovakia (SPBiganizes a conference or
seminar concerning new applications of project rganzent, every year. Both
authors of this paper take part in these confeeritieere is possible to see the
trends in application and also in using some saftvegstems, see [I1].

3. Some software specialists are forecasting thatettexist approximate 60
different software products for this area, now. Wi# not specify them only
mention the names of that they are made good ifi@ldr They are e. g. Super-
project, Prochain, Primavera, Planisware. Promatianaterials of all these
systems give all their responsibilities and alseirttactual price in Slovak

republic.

8. APPLICATION EXPERIENCES IN SLOVAC REPUBLIC
Results of network analysis have transformed tdwsok systems for project
management gradually. This process was an intematione and now we mention

several facts concerning realization in Slovakia.
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In Slovakia, there are two firms — SlovakodatatBtava and Aiten Trnava that
have been dealing with project management more 1Bayears. The both firms
are approximately same large. Slovakodata Bratslev solving about 15
parallel projects, see [K4]. Project managememnis of the main activities of
both firms, see [I4], [I5].

Besides them, there exist a lot of industrial li@ations of project. Many of
them are presented on the conferences society SRRRors and contents of
these projects can be found in [I1]. The seat afv& Society for Project
Management is in Trnava at Faculty of MaterialseSce and Technology.
Universities in Slovakia have very good backgimthis field. Specialists for
projects management finish every year at Slovakvémsity of Technology
Bratislava (Faculty of Materials Science and Tedbgy Faculty of
Engineering), Economical University Bratislava. Tdare similar study branch
at other universities, e.g. Komenius Universityclty of Mathematics, Physics

and Informatics, Bratislava there is study branethamatics — management.

We are mentioning some examples of various busipesgects solving at The

Department of Industrial Engineering and Managenaéritaculty of Materials Science

and Technology of Slovak University of TechniqueSiovak republic:

Time analysis of fuel changing in power plant Vekldvské Bohunice by CPM
methodology for EC 1021 (1983),

Time analysis of new product loading in to the prcttbn of National Coin
Kremnica (1991),

Time analysis of general revision of automatic nattal batten machine ASP
400 (1991),

Layout of universal model of EMS construction byol$4 000 in Chemosvit, a.
s. Svit (1999),

Application of project planning methods for comstion of EMS in SE — EBO
Jaslovké Bohunice (2000),

Project planning utilization for EMS loading in TOB, a. s. Tovarniky (2004).

You can find the other examples in actual inforoanf SPPR, see [I1].
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