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Summary

The increasing complexity of current engineeringjgets causes uncertainty for project
execution, and creates challenges for project demngl management. To attempt to reuse the
information of previously completed projects forrmnt project planning, this paper
introduces the definition of the “Engineering Doamh Pattern” (EDP), and proposes some
EDP identification methods. EDP is really a formkoiowledge and activity representation
and as an approach is suitable for representingg lacale projects, and can potentially be
used to help decision makers understand the imégirements and potential risks of current
projects. The experimental study evaluates the ERtification methods by analysing and
profile some completed In-Service design repaioreyy) and the result shows the identified
EDPs accurately represent the report-related proferacteristics.
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1 Introduction

Engineering projects consist of complicated proegssand involve large quantity of
collaborations, communications and distributed weses. The increasing of complexity of
engineering projects causes uncertainty for progacution, and creates challenges for
project design and management. Complexity and taiogy affect project planning in a
variety of ways including the identification of deand objectives, selection of organisational
form, selection of project inputs, control of tineest and quality (Baccarini 1996). As project
planning has an immediate impact on project sugccelksiinating the complexity and
uncertainty effects is necessary for improving shecess rate. It has been revealed that the
reuse of knowledgeable information from previoustynpleted projects is able to reduce the
uncertainty for current project planning (Diste2802 Markus 2001). However, identifying
and extracting suitable knowledge from previougemis for reuse purposes are difficult, as
() the structure of knowledge can be complicatedj (ii) the knowledge may have various
representations according to different points efw{Chandrasegaran et al. 2013).

This research facilitates knowledge reuse in thd@ecd of aiding project design by defining
knowledge and activity representation of enginegmmojects, and proposing methods of
identifying the representation from engineeringutoents.

The remainder of this paper is organised as folldBection 2 reviews the challenges of
project planning. Section 3 describes the appraagheposed. Section 4 includes an
experimental study using industrial data. Secti@oicludes this work.

2 Reated Work

Recent research shows that simplicity should beiragoy principle in project design and
planning (Giezen 2012Vidal et al. 2011). The characteristics of a projgaech as project
structure, timeline, cost and risk, are always takéo account by the project design process,
and the characteristics also have a significantachmn the decision making process in
project planning. However, most projects have nwwercharacteristics, and each of them
may have different importance weightings for projptanning purposes, which can cause
difficulties for project planning, (i) consideringxcessive number of characteristics is time-
consuming and expensive, and (ii) considering atarstics with low significance weight
may exaggerate their minor influences, and theeefmevent from identifying the project
objectives. On this basis, project planning shawdtltreat all characteristics equally, and its
decision making process needs to focus on maim\characteristics above a certain level of
significance, which would reduce the difficulty glanning, and therefore improve the
effectiveness and efficiency of project design armhagement (Berkun 2006hapman and
Ward 2007).

Dvir et al. (2003) indicate the processes of proj@anning, such as deciding timelines,
setting specific tasks, allocating resources, miaigagosts, are considered to be unlikely to
perform precisely at the initial planning stage,tlasre is insufficient evidence to support
decision making at this stage. Meanwhile, a projscusually treated as a unique and
individual case, and the evidence and profiles frpraviously completed projects are
therefore not really considered in the planningcpss (Engwall 2003). Furthermore,
numerous factors, such as changes of interestpoges and constraints, have impacts on
project execution, thus the applicability and na#ility of the initial project plan can be
significantly affected (Turner and Cochrane 19B&ner and Muller 2003).

The knowledge of an engineering project has tweetsp (i) the knowledge as content, i.e.,



the methodology, rationale and other useful infaromathat the project was applied and
followed, and (ii) the knowledge as the activitg.j the way that the project was conducted
and proceeded. Recent research highlights thatincteusuch knowledge of previously

completed projects is an effective approach tolifathg project design and management
(Baxter et al. 2008Ettlie and Kubarek 2008).

In the context of project planning, the knowleddg@vious projects can contain significant
project characteristics and evidence, therefong #ine useful to improve the applicability and
rationality of project plan. The main reasons @bethe project characteristics such as project
structure, timeline, cost and risk, can provideersial indications to the current project
decision makers, and (ii) the evidences such agisos of particular problems encountered,
can be used to support the decision making protleseefore the process is based on facts
rather than estimations.

In practice, the definition and classification abject-related knowledge can vary dependent
on the intended uses. Moreover, the domain of kedgg¢ can also vary dependent on these
different project characteristics. Therefore, tentify suitable knowledge for large collection
of projects can be complicated (Carey et al. 2Xi8 et al. 2011). To solve that, Sawyer et al.
(2005) suggest to use a type of shallow knowledgaepresent projects. The shallow
knowledge is generated from project related docusnéry using corpus-based statistical
approaches, and it is easier to be identified thamain specific knowledge, thus shallow
knowledge is a suitable knowledge representatiotafge scale project-related knowledge in
practice.

3 Engineering Document Patterns

An Engineering Document Pattern (EDP) is defined &ge of shallow knowledge extracted
from engineering documents by analysing their aunigsing data mining and semantic
content analysis techniques. The use of EDP aimelp decision makers understand the
initial requirements and potential risks of a catreroject. In this research, the EDP of a
project will cover three aspects: (i) time relatédg people related, and (iii) file-related.

3.1 Time-related EDP Identification

An engineering document can contain lots of timateel information that is reusable for

future project design and control, e.g., settingjgmt milestone, deciding the execution time
of a task, etc. In this research, time-relatedrimftion contained by engineering documents
Is treated as time-related EDP, and it is usedléntify project time-line, page time-stamp,

percentage of date occurrence and cumulative frexyuef within page dates. The detailed

explanation of the identification process is sh@srfollows.

3.1.1 Project Time-line

In practice, most engineering documents contairfli@kgtart/end dates, e.g., the In-Service
reports analysed include a cover page that displeydates explicitly, so that the time-line of
a project can be extracted directly from its engrmeg documents. For an engineering
document without explicit start/end date, there @ve solutions, (i) analysing each page
content to identify the most likely start/end dated (ii) entering start/end date manually.

3.1.2 PageTime-stamp
The pages of an engineering document are likehat@ been produced at different times. If a



page contains multiple dates, the first occurrepicthe date will be considered as the page
time-stamp, and the time-stamp must be in the rahgeoject time-line. The time-stamp of a
page indicates the occurred time of its relatel, theerefore different tasks of the project can
be linked to the project time-line based on themnetstamps.

3.1.3 Percentage of Date Occurrence

Assuming a given report contains multiple datesi.e., {d,.d,.....d,} € r, then the percentage
of date occurrenceplo ) of d, regardingr is defined as:

occu(d;)

pdo(d,)) = ———— 1)
ijloccu(dj)
It measures the importance of a date by considétsngccurrence. It is argued that a higher
value means the date has a higher importance.

3.1.4 Cumulative Frequency of Within Page Dates (WPD)

Assuming a pagep, of the given reportr contains multiple datesi,, , i.e.,
{d,,,d,,:-d, .} € p,, then the cumulative frequency of WPD regardings defined as:
Zoccu(dz_j)
cum _ ferq(p,) = —-—— (2)

Zoccu(dj)
j=1

It measures the project activity of page relatéxk tay using the cumulative frequency of the
within page dates. A higher value is considereshéan that the page related task has a higher
project activity.

3.2 People-related EDP I dentification

The people-related information of an engineeringutieent includes the participants’ names,
job titles, contacts and expertise. It is potehtisdusable for future projects, e.g., personnel
selection, human resource allocation, etc. In tl@search, people-related information
contained by engineering documents is treated apl@eelated EDP, and it is used to
identify percentage of people occurrence and cutiweldrequency of within page people.

The detailed explanation of the identification grsg is shown as follows.

3.2.1 Percentage of People Occurrence
Assuming a given report contains multiple people names , i.e., {pn,, pn,,....pn,} € r,
then the percentage of people occurrenge Y of pn, regardingr is defined as:
occu(pn,)
S0 occu(pn,) )

Similar to percentage of date occurrence, this oreasthe importance of people by
considering the occurrence of his/her name. A higladue means the person has a higher
impact on the project and possibly a higher impuarta

ppo(pn,;) =



3.2.2 Cumulative Frequency of Within Page People (WPP)

Assuming a page, of the given report- contains multiple people names ie.,

{pn,1,pn4,-, 01, .} € p, » then the cumulative frequency of WPP regardings defined as:

m

Zoccu(pnz_j)
cum _ ferq(p,) = H——— (4)

n
Zoccu(pn].)
j=1

Similar to cumulative frequency of WPD, thié measuthe activity of the page related people
by considering the cumulative frequency of theimea within the page. A higher value
means the activity of people within the page reldéesk is higher.

3.3 Filerelated EDP I dentification

Each page of engineering document has a file tgme, text, image, correspondence, repair
instruction, etc., thus an engineering documentheaue various file types, and each file type
can have different quantities. For a project, itwuient-contained file types reflect the
evolution of the project, and the quantity of fijgges can measure the project activity. In this
research, the file-related information containedengineering document is treated as file-
related EDP, and it is used to identify file typstdbution and generated page distribution.
The detailed explanation of file type categoried #me identification process are shown as
follows.

3.3.1 FileType Category

The categories applied in the file-related EDP iiieation process include file type A, B and
C (see Table 1).

Filetype A Filetype B FiletypeC
CorrespondenceDaily Repair Request Outgoing
Text Damage Report Incoming
Image Request for Information Internal

Information Supply

Technical Disposition

Repair Instruction

Repair Design Approval Sheet

Table 1 File type categories

The file categories are used to label the engingatocument pages. For each page, the file-
related EDP identification process analyses thee mamtent, then selects a label from each
category based on the analysis result, and asfigrselected labels to the page. For example,
the labels of a page can be “Correspondence + Regti;mformation + Incoming”.

3.3.2 FileTypeDistribution

Assuming a given repott contains multiple file typeg, , i.e., {f.%....f,} € r, then the file
type distribution value of, regarding- is defined as:
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It measures the percentage of a file type, and used to represent the distribution of file
types under each category.

fud(f) =

3.3.3 Generated Page Distribution

Generated page distribution is another method tasome the project activity by considering
the number of document pages with the same tinmapstA greater value means the number
of generated pages on the time-stamp indicatedisl&igher, which also indicates the project
activity on that date is higher.

34 Summary

Engineering Document Pattern (EDP) identificatiomsato identify the patterns or profiles

and extract shallow knowledge from combinationsenies of engineering documents. The
proposed methods of EDP identification uses thestiatated, people-related and file type
related information from the documents to identife project time-line, page time-stamp,
percentage of date/people occurrence, and cumeldtigquency of WPD/WPP. The

terminologies and related descriptions are sumradriz Table 2.

Method Description
Project Time-line Representing the project lifeleyc
Page Time-stamp Indicating the created date ofdeat page

Percentage of Date Occurrence Identifying theoalitilate of a project
Measuring the importance of different dates

Cumulative Frequency of WPD  Measuring the timateal project activity

Percentage of People Occurrenddentifying the critical people of a project
Measuring the importance of different people

Cumulative Frequency of WPP  Measuring the peofdbtee project activity

File Type Distribution Representing the projectlation

Generated Page Distribution Measuring the fileteglgroject activity

Table 2 Terminologies and descriptions of EDP identifying process

4 Experimental Study

To evaluate the methods, an experimental studyntsoduced in this section. The
experimental study uses a collection of Engineelm§ervice repair design reports to test the
proposed EDP identification methods. In this sedjdwo repair cases, i.e., a standard one
(project A) and a complicated one (project B), @ased to demonstrate the EDP identification
results.

4.1 EDP-based Project Activity

Project activity is the key indicator of measuriagroject performance, and a high project
activity on a date means the level of project inpubutput on that date is high. As mentioned
before, cumulative frequency of WPD is used to fidignthe project activity. The
visualisations of cumulative frequency of WPD wpitoject time-line regarding project A and
B are shown in Figure 1 and 2 respectively.

In practice, the processes of both projects incihgerequirement setting stage, information



request stage, and problem solving/evaluation stédgeording to Figure 1 and 2, the
visualisations of both projects contain the samenlmer of peaks that correspond to the
processes of the projects. As project A is simpit@mn project B, the visualisation of the
former is clearly smoother than the latter. In othwrds, the change of project activity in
project B is more frequent than project A, as mbj@ could have complicated process or
difficult execution, and each of them can affee thange of project activity, hence project A
is considered more stable than project B, whichches the facts.

In general, the average project activity is invigrggoportional to the length of project time-
line. The project time-line of project B is longdan project A, thus the average activity of
the former is most likely lower than the latter. gteown in Figure 1 and 2, the blue horizontal

line in two figures represents the average progetivity of each project, and the average
activity of project A is clearly higher than projeg.
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Figure 1. Project A: cumulative frequency of WPD with project time-line
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Figure 2. Project B: cumulative frequency of WPD with project time-line

4.2 EDP-based PeopleActivity

People activity is another measurement of projectopmance, and a higher people activity



within a date means the task on that date requmese human resource. Cumulative
frequency of WPP is used to identify the peoplevaes. The visualisation of cumulative

frequency of WPP with project time-line regardirrgjpct A and B are shown in Figure 3 and
4 respectively.

In general, the people activity is proportionalthe project activity regardless the project is
simple or complicated. The visualisations regardingject activity and people activity of

project A have considerable similarity (see Figlirand 3). Although project B has different
characteristics from project A, the visualisatiaegarding its project activity and people
activity of project B are also similar (see Fig@rand 4).

Similar to the average project activity, the averpgople activity is inversely proportional to
the length of project time-line. As shown in Figide@and 4, the green horizontal line in two

figures represents the average people activityasheproject, and the average activity of
project A is clearly higher than project B.
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Figure 4. Project B: cumulative frequency of WPP with project time-line



4.3 EDP-based Project Evolution

The file type of an engineering document page terdéned by the page related task. For
example, pages about general information requestslassed as correspondence, pages about
detailed damage information supply are classedrage files. The file-related EDPs with
project time-line can represent the evolution objget. File type distribution is used to
identify the project evolution. The visualisatiookfile type distribution (file type A) with
project time-line regarding project A and B are whoin Figure 5, 7 and Figure 6, 8
respectively.

As shown in Figure 5 and 6, correspondence isiteedppeared file type in both projects,
and the following file types are image and texte Tequence of file types shown in the
visualisations reflects the actual project evolutid-or example, correspondence reflects
discussions of problems at the eastyge; image reflects demonstrations of the detailed
damage information after the discussions, text teéiacts descriptions of the formal solution
and summaries of the project. The visualisatioss ahatch the characteristics of project A
and B, e.g., as the standard one, the visualisafiproject A has a relatively simple structure.
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Figure 5. Project evolution of project A: number of file type A with project time-line
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Figure 6. Project evolution of project B: number of file type A with project time-line



As shown in Figure 7 and 8, the cumulative filerdjs of project A is less than project B.
The reason is that the former had more specifiept@oal, clearer problem description and
fewer requirements than the latter.
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Figure 7. Project evolution of project A: cumulative value of file type A with project time-line
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Figure 8. Project evolution of project B: cumulative value of file type A with project time-line

5 Conclusions

To facilitate the project design, reusing the krexge from previously completed projects is
essential. The paper introduces the definitionh&f €¢ngineering document pattern (EDP),
which is the shallow knowledge contained by theimggying documents of previous projects.
Furthermore, the methods of EDP identification ale introduceé. The methods use the

time, people and file type related information ttentify and extract related EDPs from
engineering documents. The EDPs are then used &sure the project activity, people

activity and project evolution. The experimentaldst of the methods is based on industrial
data, and the result shows the EDPs and their hgatians can accurately represent the
actual characteristics of the projects. This igstitated in the paper by two quite different



profiles of a simple and complex case. It is clisat this profiling and generation of project
patterns has considerable potential to assess diffenulties or problems may be occurring.
Further work is being undertaken to increase thellef analysis and will include extending
the covered aspects of EDP identification andrigsiie proposed methods using large-scale
data from different industry sectors.
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