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ABSTRACT

This paper discusses about a management tool for effective
project progress. Considered issuein thispaper isaproblem
to estimaterational duration of each elementary operationfor
meeting final due completion time of aproject. An effective
procedure is proposed for this purpose that includes
decisiontreeanalysis, Bayesformulaand particular iterative
probability calculation. Three cases were examined to
analyse the characteristics of the proposed procedure and it
wasclarified that this procedure provide a powerful support
function for project planning and progress activities in the
era of IT-oriented business environment, where the right
timely decisions are critical.

INTRODUCTION

Project management technology such as PERT/CPM has
been widely used for realising efficient activities of product
development, large-scale production such as shipbuilding
and project planning/management in engineering to order
manufacturing industries etc. This technology mainly aims
to maximisethe probability to meet the specified deadlineand
to identify which operation is the most likely to be the
bottleneck based on a concurrent engineering context.
Intheactual operation processes, thistechnology isused for
both initial planning phase and recovery phase during the
term that project is proceeded. The former case has been
dealt with the kernel of PERT/CPM logic, i.e. algorithm for
detection of thecritical path and the latter have been tackled
by more business oriented software based on the work break
down structure. However, in a current volatile and
competitive environment driven by the diversification of
e-business, guaranteeing the given completion date
accurately, quick re-scheduling for recovery of delay or
adaptation tochange of businessenvironment, e.g. due date
change, trouble on project resource procurement, and
development of technology enabling to cope with these
problems are becoming more and more critical than the past.
For recovery of delay or adaptation to change of business
environment, one possible method is re-allocation of
operation resources such as labour, tools, materials etc.

There are many mathematical models and/or procedures for
rational resource allocation, especialy in case of alocation
of human-hour resourcesin hand[1],[3]. These mainly aim to
minimise expected project duration or to meet the planned
duedate at the starting point of aproject. However, in redlity,
it is not easy, even at the initial stage, to provide arational
resource assignment for a given due date especialy in a
fragile business environment such as stochastically
fluctuated processing time. Also, it is problemsome for a
dynamic situation such as due date change, delay of
schedule dueto lack of operation resources. Therefore, these
conventional technologies are less relevant in such
situations.

On the other hand, guaranteeing Just-In-Time compl etion of
the project in a volatile business environment such as
stochastic fluctuation of processing time is tackled by a
research paper [4], [5]. The procedure discussed in the paper
is an estimation method of duration distribution of each
elementary operation for meeting planned project due date
and it wasrecommended to usethisdistribution for design of
improved method of each elementary operation to realise
more accurate completion. However, it is still on the middle
point to identify exact target processing time of each

elementary operation by rational way, which is certainly

necessary for effective progress management to meet entire
project due date.

A schematic procedure proposed in this paper provides a
solution to suchresearch theme. The considered problem is
how to determinerational target operation duration of each
elementary operation for meeting final due completion date
of theproject under uncertain processing time environment.
This problem is of rather microscopic view. However, it is
critical becauseproject manager i s always asked to actualise
sound project progress. In a volatile environment
characterised by stochastically fluctuated operation time
and frequent due date changes by various reasons, the
effective procedureto guarantee Just-In-Time completion of
the project is an essential weapon in a current competitive
market. To cope with this tough mission, amethodology for
targeting the duration of arbitrary elementary operation of
the project is developed by using decision treeanalysis and
Bayes formula. Some example calculations are also
performed to validate the proposed procedure.

METHOD OF SETTING OBJECTIVE TIME DURATION
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In this section, above-mentioned rational determination
procedure of target duration of each elementary operation for
meeting entire project due date under uncertain processing
time environment is proposed.
Figure lillustratesthe step-wise procedure proposed in this
paper to cope with this requirement. The well-known
Decision Tree Analysis [7] and Bayes formula [6], [2] are
deployed in step 2 and 3 to deduce posterior probability
distribution of each elementary operation’ s duration. Step 1
relatesto aprogress management policy, and step4 and 5 are
an evaluation module of accuracy of expected project
completion date. Step 6 is preparatory procedure for
improving its accuracy and step 3, 4, 5 and 6 will be iterated
until probability of expected project duration saturates. In
actual progress management can be performed based on the
derived target process time of each elementary operation.
The following description is to compensate the proposed
procedure. Namely, the problem how to estimate the duration
of each elementary operation under the restriction of given
entire project duration can be considered through the
network representation of the considered project.
Figure 2 illustrates a simple example project represented by
activity-on-arrow (AOA) network form.
Probability distribution of the entire project duration can be
obtained through application of decision tree analysis
illustrated in Figure 3 to this network system. That is, firstly,
every possible path is encountered and represented in terms
of tree structure. Then, secondly, possible entire duration
and its probability are evaluated through simple probability
operations.
Subsequent procedure is duration estimation of each
elementary operation under the condition of given entire
project duration given in the step 3. This estimation can be
realised by using Bayes formula expressed in (1). This
formula converts prior probability distribution of each
elementary operation to its posterior distribution under the
restriction of given entire project duration. Inthisprocedure,
X; or X in the right hand side of equation (1) denotes
prior probability of the event that duration of elementary

operation X isequal toi or k. Y in the right and left hand
side of equation (1) denote target entire project duration. On

the other hand, X, in the left hand side of equation (1) is
prior probability of the event that duration of elementary
operation X is equal tok.

<Bayes formula>
p(x, [v) = PR NY) o POYIX)P(X,) M
P(Y) a Py [ X)) P(X;)

Where, X;: Mutually exclusive events, which cover the
considered sample space Q

P(X,)>0,(=12,-)
Y:  Conditional event P(Y) >0

CASE CALCULATION

1) A case of small-scale project

Asan example project, anetwork of which structureissimple
but essential with six operationsi.e. A, B, C, D, Eand F is
considered (See Figure 4). This network has three operation
pathsi.e. ABD, CD and EF, of which the maximum length
path determines the critical path.

Duration of each elementary process is supposed to be
stochastically fluctuated with time distribution given in
Table 1 and the target entire project duration is supposed to
be 16 time units.

Applying the proposed procedure described in Figure 1 to
these data, target time of each elementary operation is
obtained, which is summarised in Table 2.

Fromthisresult, it isnoticed that path 1 isthe critical path as
every posterior distribution of elementary operation
included in the path 1 saturated to each particular point.
Other elementary operation such as operation C in the path 2
has ordinary posterior distribution, which means this
operation hasaslack enabling to vary its duration between 6
to 10 time units. Saturation point of distribution of each
operation tends to be the point of biggest prior probability
within adistribution (See elementary operations B and D in
path 1). However, sometimes it saturates to the point with
least prior probability such as operation A. In this case,
progress management system has to ask concerned
correspondent to aim the least likely duration and this makes
difficulty of the management.

2) More complicated project

Next example is more complicated project with five paths to
reach the completion state from starting point and nine
operationsi.e. A,B,C,D, E, F, G, Hand | (SeeFigure5).
The target entire project duration is supposed to be 12 time
units. Also, duration of each elementary process is
supposed to be stochastically fluctuated with time
distribution given in Table 3. The feature of this network is
that elementary operation B hasamost singular distribution,
i.e. probability is concentrated on duration 6 (See shadowed
cdlin Table 3).

Applying the proposed procedure to these data, target time
of each elementary operation is obtained, which is
summarised in Table 4.

From this result, it is noticed that posterior distributions of
three elementary operationsincluded in the path 3, which has
operation B with almost singular distribution, saturated to
each particular point. This means path 3 may be the critical
path. As aremarkable issue, especialy, it is suggested that
operation B should have duration 6 (See shadowed cell in
Table 4) for Just-In-Time completion of this project and this
message has no contradiction with given singular-like
distribution. The other particular phenomenon is that
distribution of operation D also saturated to particular point,
i.e. duration 2 (See shadowed cell in Table 4), whichisnot on
the critical path.

Itisnoticed from theseresultsthat moreintricate phenomena
can be observed if network becomes complicate. These
phenomenaaredifficult to expect subjectively and, therefore,
the proposed calculation method has its meaning although
calculation becomes tedious according to complexity
increase.

3) Special project

Thelast exampleissimpler but moredelicate project with two
paths and three operationsi.e. A, B and C (See Figure 6).
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The target entire project duration is supposed to be 9 time
units and duration of each elementary processis supposed
to havetimedistribution givenin Table5. Then, applying the
proposed procedure to these data, obtained target time of

each elementary operation is summarised in Table 6. The
result shows that expected probability of entire project

duration do not saturate to one and posterior distribution of
each operation is not improved by iteration. Table 6 gives
concerned distributions of this situation.

From this result, it is noticed that no prior distribution can
saturateto aparticular point. Thismeansthat either the case
of duration of operations A = 3timeunitsand C =6 timeunits
or the case of duration of operationsA =4 timeunitsand C=
5 time units can meet the target entire project duration, i.e. 9
time units. Obviously, these cases occur with probability 0.5
and if one of these conditions is satisfied, target project

duration can be attained. Namely, this phenomenon can be
interpreted as existence of some degree of freedom on the
way of progress management.

CONCLUDING REMARKS

In this paper, a methodology for estimating a rational
duration of each elementary operation of a project was
developed for its successful progress management, i.e.
meeting its final due completion time, and its characteristics
was examined by computer-based quantitative analysis.
Obtained results from example calculations indicate that
probability distribution of each elementary operation given
as prior distribution can be saturated to a particular point in
most case and, therefore, progress manager can assign
resultant time durations as target duration of each
elementary operation. In this sense, it can be notified the
proposed procedure provide apowerful support function for
project planning and progress activities in the era of
IT-oriented business environment, where the right timely
decisions arecritical.
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Setting a target project duration

Step 1

# Step

Calculating the project duration distribution by using distribution
of each elementary operation duration and decision tree analysis

>y Step 3
Calculating posterior distribution of each elementary
Step 6 operation duration for meeting target project duration
by using their prior distribution and Bayes formula
Replacing prior
distribution by obtained v Step 4
posterior distribution Calculating estimated probability of specified

project duration by using posterior distribution
of each elementary operation duration

v

No

Probability: Saturated

Figure 1. Method of setting objective time duration

Figure 2: An example of activity-on-arrow (AOA) project network [1]
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Initial node A Event of Event of Event of Event of

operation A operationB  operationC operation X
Duration of operation Duration of Duration of Total duration
A and its probability operation B operation C and its probability
andits andits

probability probability

Dc,(P) C1 < X1 TD (Pro)

Dgi(Psy). B;
Xs TD (Prp)
Ax Dg2 (Pg2
X1 TD (Prp)
D,, (P
AL
Dgn (Pgn)
Xs  TD(Pm)
Dp1(Pg
D,, (P, ..
A A2 A A Dp2(Ped . £Pc Fo) Cz<
Dgn (Pgn)

X1 TD (Prp)

Xs  TD(Pm)

X1 TD (Pm)

De(Fe) ™ € <——

Xs TD (Pm)

Figure 3. Decision tree analysis for probability estimation of total project duration

Figure 4. Project model 1 (asmall scale project: AOA representation)
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Table 1. Prior time distribution of elementary operation on each path

Time duration 2 3 4 5 6 7 8 9 10

EO: A 0.15 045 0.25 0.15

Pathl EO:. B 01 0.25 055 01
EO: D 0.05 0.15 0.3 05 0.15 0.05

Path 2 EO: C 0.05 0.15 0.6 0.15 0.05
EO: D 0.05 0.15 03 05 0.15 0.05
EO. E 0.05 0.3 0.6 0.05

Path 3 EO. F 01 015 0.2 03 0.2 01

Table 2. Target time distribution of elementary operation on each path

EQO: Elementary Operation

Time duration 2 3 4 5 6 7 8 9 10

EO: A 0 0 0 1

Pathl EO: B 0 0 1 0
EO: D 0 0 0 1 0 0

Path 2 EO.C 0.0028 | 0.0084 | 0.0434 | 0.0285 | 0.9189
EO: D 0 0 0 1 0 0

h EO. E 0.0484 | 0.2782 | 05585 | 0.1189
Peth 3 EO: F 0.0883 | 01325 | 0.1767 | 0.2649 | 0.1767 | 0.1609

Figure 5. Project modd 2 (more complicated project)
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Table 3. Prior time distribution of elementary operation on each path

Time duration 2 3 4 5 6 7 8 9

EO: A 0.2 0.6 0.2

Pethl EO. E 0.2 0.6 0.2
EO: A 0.2 0.6 0.2
EO: D 02 0.6 0.2

Peth 2 EO. F 0.2 0.6 0.2
EO: H 0.2 0.6 0.2
EOC: B 0.98 0.01 0.01

Path 3 EO: F 0.2 0.6 0.2
EO. H 0.2 0.6 0.2
EO.C 0.2 0.6 0.2

Path 4 EO: G 0.2 0.6 0.2
EO: H 02 0.6 0.2
EO.C 0.2 0.6 0.2

Peth 5 EC: | 0.2 0.6 0.2

EQO: Elementary Operation

Table 4. Target time distribution of elementary operation on each path

Time duration 2 3 4 5 6 7 8 9
Pathl EO: A 06253 | 03747 0
EO. E 01452 | 04356 | 04192
EQC. A 0.6253 | 0.3747 0
EO: D 1 0 0
Path 2 EO. F 0 1 0
EO: H 1 0 0
EQ. B 1 0 0
Path 3 EO:. F 0 1 0
EO: H 1 0 0
EO. C 0.0193 | 0.9807 0
Path 4 EO. G 01538 | 04330 | 04132
EO: H 1 0 0
Path 5 EO.C 0.0193 | 0.9807 0
EQ: | 0.0550 | 01772 | 0.7678

EQ: Elementary Operation

Figure 6. Project model 3 (special project)
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Table 5. Prior time distribution of elementary operation

Time duration 2 3 4 5 6 7
Elementary operation A 0.25 05 0.25 - - -
Elementary operation B 0.25 05 0.25 - - -
Elementary operation C - - 0.25 05 0.25 -

Time duration 6 7 8 9 10 11

Project duration 00625 0.25 0.375 0.25 0.0625 -
Table 6. Target time distribution of elementary operation

Time duration 2 3 4 5 6 7
Elementary operation A 0 05 05 - - -
Elementary operation B 0.25 05 0.25 - - -
Elementary operation C - - 0 05 05 -

Time duration 6 7 8 9 10 11

Project duration 0 0 0.25 05 0.25 -
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