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In order to complete a project in time, companies must determine both the 
duration of the entire project as well as each of its individual tasks. Very often less 
experienced companies do not collect data affecting time limit for project 
completion. Then time required to perform specified activities are determined based 
on estimation and companies own experience. To minimize the risk error arising as a 
result of using incomplete historical data and simultaneously increasing the 
effectiveness of estimating the duration of the project, most project managers with 
pleasure use the PERT method (Program Evaluation and Review Technique) to 
estimate the duration of individual tasks of the project on the basis of three 
intermediate estimation values: optimistic, realistic and pessimistic. This paper will 
set the duration of an IT (Information Technology) project implementation tasks, 
determine both critical tasks as well as critical path of the project. Based on 
estimates deadlines events values, the probability of occurrence time limits shall be 
also appointed. 
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1. Introduction 

Each project is a new venture. The assessment of duration of individual 
actions (tasks) of the project is not an easy task and requires specialized 
knowledge. At the beginning of each project in the preparatory stage, tasks are 
misty and, what should be done is not so clear, therefore, very important is to 
gather the experiences from previous carried out projects. In the case of similar and 
routine projects, tasks completion time can be estimated with great certainty.  
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To plan the duration of a project in deterministic term, the critical path method, 
also known as the CPM (Critical Path Method) [7, 8] was created. Using the CPM 
algorithm, a minimum planed duration project can be determined and for individual 
project activity, both earliest start and latest finish time can be than calculated [4]. 
Sometimes, however, difficult and unknown projects require knowledge not only 
of completed similar activities basic data, but also developed working time factors 
verifying activities implementation period. In such case, estimates are quite 
approximate, and the deviation can reach up to 100% the duration. Activity 
duration and activity duration estimating are defined in the Guide to the Project 
Management Body of Knowledge [5] as follow: Activity duration is calendar time 
units between the start and finish of a schedule activity. Activity duration 
estimating is the process of estimating the number of work periods needed to 
complete individual schedule activity. A very important thing you need to be aware 
of and highlight during the assessment description. The concept of ‘project or 
activity run time’ describes the amount of working hours needed to spend for the 
project or activities execution. While, the number of work periods needed, must 
add to run-time issues such as resource availability, weekends and holidays, lunch 
breaks, etc.  
The inputs to the process of activity duration estimating are: 
• The enterprise environmental factors (databases of organizations involved in 

similar projects with information on activity duration estimates and other 
historical reference information). 

• Organizational process assets of the performing organization may have 
calendars and schedules of previous similar projects. 

• Project scope statement describes the project constraints and some assumptions 
that may be taken into consideration in the process of activity duration 
estimating 

• Project scope statement, activities list and their attributes, as well as demands 
on resources requirements are also significant information in the initial period 
of work on the preparation of project implementation schedule. 

The total run-time project estimation can be approached in several ways [6]:  
• Bottom-up Estimation or Expert judgment – is the project work breakdown until 

the lowest level possible, at which the presented work time and resources can be 
determined very precisely. This method, however, is very labor intensive and 
uses expert knowledge, which make the method one of the most accurate. 
Bottom-up evaluation method is most useful while planning the whole project, 
where decision about the project requirements and implementation method was 
already made, as well as resources availability are known.  

• Evaluation by analogous estimating – using data from earlier completed 
projects, in combination with Expert judgment can give perfect results. This 
method is used both for the whole project duration assessment as well as its 
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fragment. Unfortunately, the difficulties in the application of such method are 
often a lack of historical data.  

• Parametric estimating – the method uses historical data as an input to different 
models and mathematical formulas. Based on the knowledge of resources 
availability, the amount of work to be performed and the values of factors 
influencing labor productivity (based on historical data), project as well as its 
individual activities duration can be than estimated  

• Reserve analysis – project manager and / or project team can be choose to 
incorporate additional time referred to as contingency reserves, time reserves or 
buffers, into the coverall project schedule in recognition of schedule risks. 

• Three – Point estimate for activity duration is an estimate that includes 
optimistic, most likely and pessimistic estimate. This Method is known as 
PERT analysis or PERT method. The method used these three different time 
estimations for each activity duration and calculated the probability of project 
completion by any given time. 

Estimated activity duration resulting from the application of the above methods can 
cause a lot of problems and before all many errors due to the lack of complete 
historical data. Therefore, the application of three-point estimation derived from 
PERT method provides very effective results, and is most frequently used by 
project managers.  

The article presents the PERT algorithm for determining an IT project 
activities estimating duration as well as the project critical path defined by 
(PMBOK) as “the sequence of scheduled activities that determines the duration of 
the project.” It is the longest sequence of tasks in a project plan that must be 
completed on time in order to meet its deadline. Based on estimates deadlines 
events values, the probability of occurrence time limits shall be also appointed. 

2. The overall project schedule construction  

Completion of the project within the assumed time is one of the basic 
conditions for successful project termination. Development of activities sequence 
and assigning necessary amount of resources for their implementation is a basis for 
project schedule formulation. PERT method like CPM comprises several steps that 
can be summarized as follow:  
• Create an ordered list with required tasks (activities). 
• Create a flowchart or diagram showing each task in relation to the others. 
• Estimate time required to complete each task using past experience or expert 

knowledge. 
• Identify the critical and non-critical paths among tasks. The critical path is the 

longest-duration path through the tasks forming the network. 
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• Determine the expected completion time for each task. 
• Locate or devise alternatives for the most critical paths. 

Described steps consisting of identified activities, operations and functions should 
be placed in a logical sequence for their implementation. Activities may be run 
sequentially, or simultaneously, i.e. in parallel at the same time. Activities 
sequence and the relationship between them constitutes a starting point for creating 
a network diagram (Fig. 1). For each activity it is necessary to determine execution 
time resulting from expert knowledge or similar tasks in similar projects. Once 
activities and their sequencing have been drown, the critical path can be identified 
by determining the following four parameters for each activity: 
• ES - earliest start time: the earliest time at which the task can start given that its 

precedent tasks must be completed first. 
• EF - earliest finish time, equal to the earliest start time for the task plus the time 

required to complete the task. 
• LF - latest finish time: the latest time at which the task can be completed 

without delaying the project. 
• LS - Latest start time, equal to the latest finish time minus the time required to 

complete the task. 

Critical activity for which there is not sufficient time between its earliest and latest 
start or between its earliest and latest finish time must begin and end on time. 
Activities not lying on the critical path, have a slake time within which you can 
increase the realization time can be increased without any consequences for the 
project completion. At this stage preliminary resources (workers, machines ect.) 
required for individual task implementation is also estimated. In case of lack of 
resources availability during the tasks implementation, schedule is updated and 
new critical path may emerge and structural changes may be made if project 
requirement change. 

3. PERT Estimation Technique 

PERT was initially created by the US Navy in the late 1950s. The pilot project 
was for developing Ballistic Missiles and there have been thousands of contractors 
involved. Sometimes, people categorize and put PERT and CPM together. 
Although CPM shares some characteristics with PERT, PERT has a different 
focus. CPM specifies the project duration planning in a deterministic way  
i.e. all duration are known a priory. PERT stochastic algorithm treats activities 
duration (tij) as a random variable beta with expected completion values E(tij) and 
variances V2(tij).  
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Time analysis according to PERT algorithm starts from the initial phase 
which consists of an estimate for every activity in the critical path, expected value 
and variance of activity duration.  

Let’s denote the following estimators: 
mij − expected value E(tij) of the activity (i, j) duration, 
S2

ij – the variance V2(tij) of the activity (i, j) duration. 

     (1) 

taij − Experts evaluation for an activity shortest duration (i, j). This is the 
fastest time an activity can be completed. For this, the assumption is made that all 
the necessary resources are available and all predecessor activities are completed as 
planned.  

tmij − Experts evaluation for the most likely activity duration (i, j). This is the 
most probable duration. 

tbij − Experts evaluation for an activity longest duration (i, j). This is the 
maximum time required to complete an activity. In this case, it is assumed that 
many things go wrong related to the activity. 

Phase two (fundamental) – the process of calculation is similar to the Critical 
Path Method, PERT however, instead of determining deterministic activities 
durations values, uses in stages (I – IV) as described in “the critical path method in 
estimating project duration” paper, expected values of mij. In this stage it is 
assumed the following equation concerning directive term (TD) of the project 
completion: 
   (2) 

 - Activity earliest time that have not any precedence. 
 - Activity latest time. 

Phase three (final) – It is to find the probability that the random total project 
duration (tn) is less than, or equal to, any given specified completion time TD, i.e., 
P(tn <= TD). Since the scheduling of activities completion is calculated on the 
basis of expected values, than each of the calculated value is given with respect to 
variable expected level that has a normal distribution [2]. In this case (tn) will mean 
the total project duration along the critical path which is now a normally distributed 
random variable with mean m(tn) (the expected project time) equal to the expected 
value of the earliest time (t0n) and standard deviation S2(tn) equal to the sum of 
variance duration of activities belonging to the critical path (CP) of the project. 

  (3) 
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The probability that the random total project time variable tn is less than, or 
equal to, any given specified completion time TD P(tn <= TD) can be found by 
converting to S-score and using the standard normal distribution tables. 

    (4) 

4. The PERT method in estimating ERP project implementation 

Let’s consider the ERP (Enterprise Resource Planning) project 
implementation being a continuation case presented in the paper presented in paper 
[4]. The implementation system stages and dependencies between activities 
presented in table 1 are created as a network diagram form. There are two basic 
formats of network diagrams [1]: 
• Activity-on-arrow, AOA, (or Arrow Diagramming Method – ADM). In this 

network format, project activities are represented by arrows (arcs) connected to 
nodes. Nodes represent the realizations of some milestones (events) of the 
project. One given node represents the finishing point of an activity and in the 
same time the starting of the next activity.  

• Activity-On-Node, AON (or Precedence Diagramming Method, PDM) – In this 
network format, project activities are represented by node and precedence 
relations by arcs between the nodes. This project network format is the default 
format in most project management software tools such as MS Project, 
Primavera and others. This is a very easy method to show different types of 
precedence relations known as (start-start, start-finish, finish-start and finish-
finish). 

To show sequences and dependencies between the presented project activities,  
a network format AOA has been used (Fig. 1). Table 1 shows also planned 
activities amounts of time duration according to PERT method: optimistic 
(shortest), most probable (medium) and pessimistic (the longest). 

Each arrow in figure 1, represents a single activity (task), however nodes 
represent activity events. Every beginning and ending of the arrow marks 
respectively activity start and its end. Activities are in dependency relationships 
with other activity/ies. Arrows are marked with a sequential order and indication 
should be saved. Both of activities earliest start time and earliest finish time needed 
to determine the longest project critical path are also added. In order to preserve the 
network integrity, it was necessary to add a dummy activity – the dropped arrow in 
(Fig. 1) with zero duration. 
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Table 1. Tasks and durations considered to implement ERP system 

Nr Description 
Preced
ence 

Optimistic 
time - a 

Most 
probable - 

m 

Pessimistic 
time - b 

A Project analysis - 8 10 12 

B Software purchasing A 1 3 5 

C Hardware and equip. 
purchasing 

A 2 4 6 

D OS and DB  installation C 1 2 3 

E ERP software installation 
and initial configuration 

B, D 1 2 3 

F Business  Processes 
implementation 

E 3 4 11 

G Implementation in branch 
offices 

E 1 2 3 

H User training F, G 3 4 5 

 
 

 
Figure 1. Network diagram as adopted in the project 

 
Using the critical path method algorithm [6, 7], it has been determined for the 

concerned implementation system, its critical path duration and for project 
individual activities both the earliest start (ES) and finish (EF) time, and latest start 
(LS) and finish (LF) time. Slake time being the difference between (LF) and (EF) 
is calculated as well and shown in table 2. 
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Table 2. The result of PERT algorithm and, standard deviation  
and variances application 

Activities 
(task) 

Duration 
mij 

ES SF LS LF Slake s = (b−a)/6 S2 

A 10,0 0 10 0 10 0 0,67 0,44 
B 3,0 10 13 13 16 3 0,67 0,44 
C 4,0 10 14 10 14 0 0,67 0,44 
D 2,0 14 16 14 16 0 0,33 0,11 
E 2,0 16 18 16 18 0 0,33 0,11 
F 5,0 18 23 18 23 0 1,33 1,78 
G 2,0 18 20 21 23 3 0,33 0,11 
H 4,0 23 27 23 27 0 0,33 0,11 
 
From table 2 it follows that minimum project duration is 27 days. Six tasks 

(A, C, D, E, F and H) have a slake time equal to 0. These activities have earliest 
time equal to latest time and thus form a critical path. A delay in this path delays 
the project. Remaining tasks in this case (B and G) have a slake time (3 days each), 
i.e. can be delayed past its earliest start or earliest finish without delaying the 
project. 

In accordance with PERT algorithm, the expected value m(tn) is equal to the 
expected value of the earliest date (t0n) in our case m(t9) = (t09) = 27 days with a 
variance equal to all activities durations on the critical path. According to formula 
(3) the standard deviation is calculated: 

 = S2
A + S2

C + S2
D + S2

E + S2
F + S2

H = 3,7 

and the variance (i.e. square of the standard deviation) is equal to: 

 = 1,91 

Note: the standard deviations do not add to give the total standard deviation! First it 
is added their squares (i.e., the variances), and then taken the square root, to find 
the “total” standard deviation. 

The project completion time random variable will have a normal distribution 
with probability less than, or equal to, any given specified completion time TD (for 
example fixed project deadline). Having TD, the probability of completion the 
project is obtained by converting P(tn <= TD) to F(TD) - scores and using the 
standard normal distribution tables. 
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Given that the normal distribution table rows correspond to the decimal values of 
F(TD), and columns to its hundredth parts, the project completion time probability 
can be read from the normal distribution table for any specified value of TD: 

For TD = 27 days, F(TD) = 0 and the project completion time probability is equal 
to 50%. 
For TD = 30 days, F (TD) = 1,56 and the project completion time probability is 
equal to 94,06%. 
For TD = 24 days, F (TD) = -1,56 and the project completion time probability is 
equal to 5,94%. 

5. Summary 

This article uses stochastic PERT method to estimate ERP project 
implementation duration. This method uses expert’s knowledge and experience to 
introduce necessary date, when historical data do not enough allow carrying 
particular analysis. Ability to verify estimated project completion duration in term 
of its probability to meet planned value justifies the widely using PERT method by 
project managers. The method is very simple and can be useful for sophisticated 
projects. Its defect, unfortunately, is that any accuracy of the method's parameters 
prediction will always depends on the accuracy of assumptions taken concerning 
individual tasks run-time assumptions. 
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