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Abstract 
The activities of a project where a complex product is created are mostly focused on the cre
ation of the parts of the product or documents specifying the parts. We describe a way to rep
resent a project so that the product and activities can be linked to each other. The linking 
facilitates the transfer of information between the technical side and the management side of a 
project. 
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1 INTRODUCTION 

Delivering a product such as a process plant to a customer is a long and complex task. It in
cludes the engineering, manufacturing, procurement, shipment, installation and inspection of 
components, construction of buildings, preparation of manuals, and startup of the functional 
systems of the plant. An effort involving many disciplines and companies must be managed 
so that the delivery of the plant takes place at the due date of the project at latest. 

This kind of tasks are nowadays typically managed as projects. The activities dealing with 
one particular product - but possibly belonging to different disciplines or even executed by 
different companies - are organized into one activity network. The scheduled activity net
work can be visualized and it provides the participants of a project a shared road map to 
achieve the goal of the project, the delivery of the product. Project management approach 
provides powerful scheduling and coordination methods (Pagnoni, 1990) as well as many 
commercial tools that support them. 
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The standard project management methods and tools focus on the management of 
activities and resources of projects. In project deliveries, however, the activities are mostly 
focused on the creation and manipulation of product related objects: parts, documents, and 
part groups. In standard methods the parts and activities are often related to each other only in 
an intuitive way: for example, the names of the activities may contain part codes or names of 
documents (see figure 1). 

If the relationships between the parts and documents of a product would be explicitly 
represented in a project plan, information could be transferred between the product and the 
activity network in a more flexible way. This would benefit both the technical side and the 
management side of a project (figure 1). 
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- schedule and budget constraints for engineering 
- progress information for visualization 
- actual costs of parts 

- translate product events to progress updates 
- the impact of product changes to activity network 
- verify the completeness of a plan with respect to the product 

Figure 1 The linking between the technical and management sides of a project and possible 
interactions between the two sides 

We have addressed this question in MUSYK-project* where a prototype of a special purpose 
project management tool called Process Plant Project Manager (3PM) has been developed. 
This paper describes how projects are represented in 3PM so that the technical and 
management sides of the project are linked to each other. 

When a linking is established between product and activities, more accurate information 
about the schedule and budget constraints could be used in different technical tasks of the 
project. Engineering could take into account the schedule and budget constraints concerning 
the manufacturing of a part. Procurement management would have exact information of the 
schedule criticality of different purchases. Moreover, the progress of the product could be 
visualized from the product perspective. In addition, more accurate costing of the parts could 
be supported. 

The advantages at the management side deal with the possibility to automatically translate 
information about product related events to progress updates in the project management 

* MUSYK (Integrated Multi-level Planning and Control System for One-of-a-Kind Production) is the project 

number 6391 in ESPRIT lli pro~;ram. 
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system. Also the change management can be improved (Torma, 1995). In addition, the 
correctness of a project plan with respect to the product can be automatically verified. 

Many conceptual models for linking the product and activities in construction projects 
have been provided. Luiten (1994) contains a survey of different approaches and presents a 
way to create the linking through the states of a product. We extend the representation of the 
product in such a way that also the other phases of the project besides installation (or 
construction) can be covered with this approach. This makes it possible to apply this approach 
to project deliveries. In addition, we outline a way to link the activities of different product 
related objects by mapping the states of the objects to each other. We list some properties that 
the project plan should satisfy in its relation to the product and finally discuss about the 
benefits of the linking. 

2 PRODUCT-ACTIVITY RELATIONSHIPS 

This section discusses about the objects that are worked on in a project and their relationships 
to activities. In order to be able to represent the product -activity relationships we define 
concepts for all of the product related entities that are independently manipulated in a project. 
Then we show how the concept of state can be used to link parts, documents, and part groups 
to activities. 

2.1 Project objects 

Figure 2 contains a diagram of the classes that represent product related objects. The diagram 
has been drawn in the notation of Object Modeling Technique (OMT) (Rumbaugh 1990). 
Rectangles represent classes, triangles represent superclass/subclass relationships and lines 
between classes represent relationships. A black circle in the end of a relationship denotes a 
multi valued relationship. 

requires
informatio 

provides-information 

Figure 2 Project-object classes. 

whole 
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Project-object* is a class that contains all those objects towards which activities are directed 
in a project. It includes objects that are created during a project (parts and documents), as well 
as groupings of those objects. 

A part represents any (aggregate or atomic) component of the final product. It is a 
superclass of both physical components and functional systems of the product. Examples of 
physical components are pipes, tanks, pumps, buildings, etc. Examples of functional systems 
are mass flow system, automatization system, etc. 

Document refers to any information entity either on paper or in electronic form. Technical 
documents (drawings, process calculations, material lists) are mostly created in the engineer
ing phase of a project and they provide information about the components for manufacturing, 
procurement and installation. There are also management documents such as budgets and 
schedules and commercial documents (inquiries, quotes, contracts). 

Part-groups represent sets of parts that are processed together in some phase of a project. 
Examples are a purchase (a group of components that are procured from one vendor), a ship
ment (a group of components that are shipped together) and a zone (a group of components 
that are installed as one whole from the project management perspective). 

(Document) 

Figure 3 An instance diagram of a fragment of a product. In addition to the primary break
down there are also breakdowns to purchases and shipments. One information requirement 
relationship is also presented. 

Project objects may be decomposed into subobjects through the breakdown relation shown 
in figure 2. The primary breakdown is produced by engineers who design the product. During 
project planning new breakdowns will be developed to procurement and shipment purposes. 
The membership of an object in a part-group is represented with the breakdown relationship. 
Each part may participate to multiple breakdowns simultaneously. An example is shown in 

* We use the term project-object in a more restricted meaning than it is used in (Luiten, 1994) where it covers 

also activities and resources. See Discussion. 
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figure 3 which contains an instance diagram in OMT-notation. The rounded rectangles 
represent instances and the label in parenthesis is the class of the instance. 

A breakdown can be exclusive which means that its structure is a tree. New breakdowns 
may also be declared to be complete with respect to some other breakdown, most likely with 
respect to the primary breakdown. 

Project-objects may have various other relationships between each other. We discuss here 
about two relationships that are interesting because they create precedence constraints 
between the activities of different project objects: 

• install-before relationship between two physical components 
• requires-information relationships between a project object and a document 

Install-before means that a component has to be installed before another component. The rea
son for that relationship is usually a situation where one component is supported by another 
component (Darwiche, 1988) but may also arise as a consequence of safety regulations or 
from the need to provide weather protection to a component. 

Requires-information relationship means that some project-object requires a document to 
be created. This can be another document (for instance, pump design document requires pres
sure loss calculations and layout drawings as its prerequisites) or a group (purchase that con
tains pumps requires pump design) or a component (to install a pump, the installation manu
als are required). . 

3PM assumes that this kind of requirement relationships are provided either by some other 
system or by the user of the system. An example of the former is a geometrical reasoning 
system that infers what are the install-before relationships between physical components 
based on the way they support each other. 

2.2 Project-objects, states and activities 

Project objects are worked on in a project and they change as the result of the work. This 
means that a project -object can be in multiple states during a project. A state is represented as 
an entity that is associated with one project-object as shown in figure 4. 

A state has a set of state attributes. They represent those aspects of the object that ( 1) may 
change during a project and (2) are interesting from the project management point-of-view. 
Location and owner satisfy both of these conditions while color, for instance, does not- in 
most cases - satisfy the latter one. Each attribute has a domain of allowable values. 

I I initial state I State l.. • ....._st_a_te_s_---1 
Activity . r Project object 

L_~~~_t--ffuin~a~ls~t;at~e~---~ L-----~ 

Figure 4 Relationships of activities and project-objects 

The set of state attributes as well as the sets of their allowable values depend of the type of 
the project object. In 3PM the following set of state properties is used for a project object: 

• physical: What is the physical status of the project-object(--, designed, created, in-use)? 
• location: What is the location of the project-object (a geographical location)? 
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• ownership: Who owns the project-object (a company)? 

States can be connected to each other through activities. An activity represents a 
transformation between two states. An example is shown in figure 5. 

(State) 

ph: created 
loc: port-x 

(State) 
ph: created 
loc: port-x 

(State) 
ph: created 
loc: site 
own: we 

(State) 
ph: in-use 
loc: site 
own: we 

Figure 5 An instance diagram of a project -object, its states and the related activities. 

An activity transforms the values of the state attributes between its initial and final states. For 
instance, the following is the definition for a transfer activity that changes the ownership of 
some project object while ensuring that the values of other attributes do not change: 

(define-activity transfer project-object 
:initial (state :owner :?ownerl 

:physical :?physical 
:location :?location) 

:final (state :owner :?owner2 

:test 

:physical :?physical 
:location :?location) 

(<> ?ownerl ?owner2)) 

2.3 Mapping the states of different objects 

The states of different objects are not independent from each other. On the contrary, many of 
the states of an object are directly mapped to the states of some other object. An example of 
this is shown in figure 6. 

The mapping can be established between the states of two objects that are related to each 
other through some the relationship discussed previously. Examples of how the mapping can 
be done are the following: 

• Breakdowns: The initial state of independent phases of objects is mapped so that the 
similar state of a subobject must precede the state of a superobject (and in a corresponding 
way for the final state). 

• Install-before: If B belongs to install-before(A) then the state where B is created must pre
cede the state where A is installed (in-use). 
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• Requires-information: If D belongs to requires-information( A) then the state where Dis 
created must precede the state where A is designed. 

(State) (State) (State) (State) (State) (State) (State) (State) 
ph: -- ph: created ph: deslgnd ph: created ph: created ph: created ph: In-use ph: in-use 
appr:-- appr: yes loc: -- loc: port-x loc: port-x loc: site loc: site loc: site 

own: -- own:we own: we own:we own:custmr 

(State) (State) (State) (State) (State) 
ph:- ph: designd ph: created ph: created ph: i n-use ph: in-use 
loc: -- loc: -- loc: port-x loc: site loc: site loc: site 
own:-- own: -- own:we own: we own: we own: custmr 

Figure 6 The mappings between the states of a physical component and the states of its 
design document, purchase, shipment and product. The gray arrows show the state mappings 
and the black bars show the independent phases of project-objects. 

The gray links in the figure 6 show these mappings. For instance, when a document has been 
created, it means that the physical component that it describes has been designed. 

Figure 6 also shows those phases -limited by the initial and final states - where a project 
object will be manipulated as an independent entity (the black bar below the states). Those are 
the phases that need to be planned by a project planner or an automated planning system. That 
is, activities that are able to transform the initial state into the final state must be created. 

It should be noted that in the example situation the installation activities are the only 
activities that have to be planned to the physical component itself. 

2.4 Activity network 

The activity network for the project is composed of the network fragments of each project 
object. These fragments are connected to each other on the basis of state mapping 
relationships. 

A mapping between two states S 1 and S2 may either be translated into precedence 
constraints or hierarchical relationships between every activity ending in S 1 and every 
activity starting from S2. This mapping takes care that, for instance, a transportation of a 
shipment may only be started after every purchase with which it shares common objects has 
been delivered. 

Because the state mappings between groups go through the members of the group, we are 
able to verify that each member will meet the activities of those groups that it belongs to. 
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Documents Purchases Shipments Parts 

Figure 7 The overall structure of one level of an activity network. 

2.5 Correctness of activity network 

There are properties that a correct activity network should satisfy in its relation to the product. 

• Completeness: The activity network is complete if the final state of each part can be 
achieved with an unbroken sequence of activities starting from its initial state within the 
project. 

• Non-superfluity: The activity network is non-superfluous if each of the activities in the 
network contributes to the achievement of the final state of some of the parts. 

• Accuracy: The activity network is accurate if all the parameters of activities (durations, 
budget values, etc.) are correct when derived from the product description. 

The completeness of a project plan can be verified by checking that each of the states of each 
project object is achieved. Achieving means either that there is an activity that produces the 
state or that there is a state mapping that defines which other states must be achieved before 
this one and the state mapping is complete with respect to the relationships of the object. 

The non-superfluity can be verified by checking each activity in the network and ensuring 
that both its initial and final states belong to some object of the current product description. 
Accuracy can be verified by going through all activities and ensuring that their values are 
same as computed values. 

3 BENEFITS 

The linking presented has advantages both at the technical side and at the management side of 
a project. 

3.1 Technical side 

The advantages gained at the technical side are that more accurate information about the 
schedule and budget constraints could be used. Engineering can take into account the 
schedule and budget constraints concerning the manufacturing of a part to be designed. 
Procurement management would have exact information of the schedule criticality of 
different purchases. 



258 Part Six Theory and Methodology of CAPM 

Moreover, the visualization of the progress from the product perspective could be 
supported. For instance, only the already installed components could be presented, or the 
components that are behind the schedule could be highlighted. 

In addition, the linking could create a possibility to support more accurate costing of the 
parts of a product because the actual costs of activities could be directed to parts. 

3.2 Management side 

The linking provides the possibility to automatically use information of the progress of 
documents and parts. Product related events can be transferred to the project management 
system. For instance, the status information maintained by a document management system 
or a production management system could be transferred to 3PM. The approval of a 
document or the completion of a part could automatically be translated into an update of the 
status of the related creation activities in the project plan. 

When engineering data management systems and identification methods for parts (e.g., bar 
coding) get into more widespread use, the product-activity relationships will provide 
possibilities to base the project coordination into much more reliable information than what 
can be provided by humans. 

The linking can also support change management. When a product is changed, it would 
be easier to determine what changes to activity network must be done. This is described in 
more detail in (Torma, 1995). 

In addition, there are some correctness properties of the relationships between product 
and the activity network that could be checked by the project management system. An 
example is the completeness of the activity network with respect to the product. In practice 
this means that we will be able to verify that all parts of the product end up being designed, 
manufactured, shipped and installed. This removes a source of omission errors from a project 
plan. 

4 DISCUSSION 

We have described the way the relationships between product and activities are represented in 
a special purpose project management system, 3PM. The class diagrams presented are 
simplifications of the actual representation of 3PM. However, they show the main concepts 
and the nature of relationships. 

The research to automatically generate the activity network for a project delivery is under 
way and will constitute the main contents of our further research work. 

We have only discussed about the way to link product related objects (project objects) to 
activities of a project. This covers the most value-adding activities of a project delivery. 
However, there are also other kinds of interesting activities. Some of them deal with setup 
and maintenance of resources. Examples are construction of temporary resources such as 
scaffoldings, cleaning activities and activities where large resources such as cranes are 
moved. Furthermore, there are activities are focused on other activities. These could be called 
management activities and they include the planning and coordination activities of a project. 
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It is worth further research whether the representations discussed in this paper could be 
extended to cover also resource and management activities. We believe that it is possible if a 
proper way to represent the states of resources and activities can be devised. 
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