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Abstract. In this paper, we will show how hierarchical task modeling can give 
beneficial support for the specification and validation of a production process in 
its early development stages. This will be done with respect to the growing 
challenges coming from the market environment. In particular, it is a substantial 
benefit to use an adequate modeling environment to be able to take specific cus-
tomer requirements process during the production planning into account. For 
our methodology, we use AMBOSS, a task modeling environment designed for 
safety-critical socio-technical systems. 
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1   Introduction 

The production of standard mechanical products is no longer cost-effectively possible 
in Western Europe with the present market, due to strong competition from Asia and 
Eastern Europe. The trend therefore goes at industrial enterprises in the area of a cus-
tomer’s individual production needs. In the area of the steel industry, using pipe manu-
facturers as an example, standard products are still an important part of the production 
process, although development is moving towards customer solution products. 

At these enterprises the biggest business volume can still be found at these enter-
prises in the area of standardized products. Hardwired work plan configuration sys-
tems are therefore frequently used for the design of operation charts in the production 
process. Using a work schedule configuration system the product is specified exactly 
on the basis of defined features. With the help of a firm set of rules, a qualified opera-
tion chart can be prepared automatically. This way is problematic for the production 
of customer individual products, whose market share will increase in the future as 
expected. These products cannot be described in the same way with the same features 
since the specification of the features or the combinations of the different features 
cannot be represented in the hardwired configuration system. The individual customer 
products are also manufactured on the same aggregates as the standard products. 
However additional parameters are necessary for the application of the aggregates.  

Semiautomatic interventions or manual inputs are therefore necessary for the 
preparation of the operation chart, and it is often not possible to use the previous 
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process knowledge in hardwired systems. This procedure is necessary even when only 
a small part of the process chain is different from a standard product, because it is not 
possible to configure one parameter in a way which was not considered in advance.  

Also, to be able to use the collected process knowledge for the production of cus-
tomer individual products, a concept is introduced which documents the process 
knowledge from a manufacturing plant on the basis of task models. Therefore, a part 
of the process chain of the production is represented with the help of hierarchical task 
models.  

2   Approach Modeling Environment  

Hierarchical task models represent a well establish approach for showing dependen-
cies between tasks in a socio-technical system. The hierarchical representation of a 
task model is obtained through the decomposition of the higher level tasks into lower 
level tasks with respect to the temporal relationship between the investigated sub-
tasks. The result is a tree-like structure with temporal dependencies between the tasks. 
The primary goal is the modeling of tasks, analyzing them with visualization, and a 
simulator to understand what an actor does or should do to accomplish his target. 
Since the task trees are easy to understand and build, such a concept proves itself as a 
powerful method for communication with domain experts, especially in the early 
phases of system development.  

Specifying a task model for a production process documents the task order and the 
rationale behind the planning, along with structuring the tasks which have to be per-
formed. These cognitions are useful for analyzing an existing socio-technical system, 
or to start the design of a new system which is not yet existing, which could be a pro-
duction process. A task model of a particular production process can be helpful in 
detecting potential problems created by, for example, inadequate task order, dispro-
portionate distribution of workloads between actors, or lack of time in critical phases 
of task execution. 

Task models are already widely successful when used for supporting the construc-
tive design of interactive systems. Their use as part of the product development proc-
ess, however, is not yet widespread between practitioners.  

There are various approaches that aim to specify tasks [1], [2], [3], [4]. They differ 
in aspects, such as the type of formalism they use, the type of knowledge they cap-
ture, and how they support the design and development of interactive systems.  

In this paper, we consider task models that have been represented using the AM-

BOSS notation. AMBOSS [5] is a free modeling environment following the traditional 
approach of hierarchical task structure with temporary relations between the subtasks. 

AMBOSS was developed at the University of Paderborn which can be freely 
downloaded from the homepage [5].  

The software provides the typical tree-based editing functions, such as editing a 
child node or a sibling node; apart from that, however, AMBOSS allows direct editing 
and manipulation of nodes and connections for simple structural manipulation tasks. 
AMBOSS allows describing tasks at different abstraction levels in a hierarchical man-
ner, represented graphically in a tree-like format. Figure 1 shows the notation used. 
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Fig. 1. Example for notation of AMBOSS models 

It provides a set of temporal relations between the tasks such as:  

• sequential: The subtasks are performed in a fixed sequence,  
• serial: the subtasks are executed in an unsystematic sequence,  
• parallel: in this relation the subtasks can start and end at random relation to each 

other,  
• simultaneous: the subtasks start in an arbitrary sequence with the constraints that 

there must be a moment when all tasks are running simultaneously before any task 
can end,  

• alternative: just one randomly selected subtask can be executed    

There are almost the same temporal relations that can be found in TOMBOLA [4] 
or in CTTE [3]. A task node without any subtasks is automatically noted as an atomic 
task. 

The modeling environment has additional distinct views of a task model, which 
can be used for inspecting particular attributes of the tasks. For example, if an analyst 
likes to observe what kind of objects are manipulated in a system by a particular task, 
he can switch to the object view, take a look over the model, and analyze the depend-
encies between tasks and objects. It is also possible to review what kind of object is 
associated to a particular task, what kind of access rights (read or write) the task has 
and in which room are the objects are located.  

AMBOSS makes it possible to handle topological aspects and relationships that are 
important in the analysis of a production process. Frequently, there are situations 
where tasks are performed in a certain position of the work space. To capture depend-
encies linked to the topology of a system, AMBOSS is able to build a relation between 
a room and a task which is performed in that room. An expert can specify the rela-
tionship either from the point of view of a task or a room. Additionally, every object 
of the task model can be assigned to rooms in a similar way as the tasks.  

Analogous to other environments [3], [2] the concept of roles is implemented in 
AMBOSS. Basically there are three types of actors used: human, system, and abstract. 
The user can specify additional actor subtypes, (such as engineer or manager), and 
instances of actors, (such as Ms. Lee, the manager of marketing), as refinements of 
the human and system roles. If an actor is linked to a task, his role can be also speci-
fied as being the person who is also responsible for a particular task. This concept 
helps to organize areas of responsibility for each actor involved in a task model. 
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The main purpose during the development of AMBOSS is to provide a hierarchical 
task modeling environment that provides support for developing and analyzing task 
models in safety critical domains. For modeling tasks in such an environment, the 
model needs to be enhanced with more adequate parameters. This benefit can be di-
rectly used also in other domains as this paper shows. For the safety purposes, AM-

BOSS contains the concept of barriers. This concept allows specifying parameters 
which helps to protect human life and/or computer infrastructure. In a production 
process, barriers could be used to protect workers from hot temperatures.  Barriers are 
a special kind of object which can be activated or deactivated by tasks. This can be 
directly “observed” during the simulation which is a part of the environment.  

One of the challenges during the development of AMBOSS was to involve commu-
nication into a task model. The modeling environment allows precise description of 
communication with parameters describing the physical conditions, using options 
with respect to the medium of communication, form of message as well as type of 
transfer. Hence, the user is able to describe a communication flow while taking into 
account how the actors communicate with each other, who is communicating with 
whom, and what kind of role a piece of particular information plays regarding to a 
specific task.    

By using such parameters like objects, barriers, risk factors, roles, timing, and 
communication, it is possible to describe a task model in more detail, and to have a 
good impression of the tasks by utilizing different views of the same model.  

Similar to other modeling approaches, [3] AMBOSS is able to simulate a task model. 
The simulator shows to the user exactly what happens in a task environment at a par-
ticular moment. A finished task model can be simulated by taking into account the 
task hierarchy, temporal relations providing the task execution order, and communica-
tion flow showing messages along with their parameters. Additionally, during the 
simulation the user is able to observe the activation and deactivation of barriers. 

After the preparation of the task model, the already named parameters of the single 
task can be interactively proved on reciprocal interdependency with the help of a 
simulation environment. The interdependency of single parameters can be observed 
during the simulation. If discrepancies are detected, they can be immediately cor-
rected. In that way, we can validate our model or its scenario, and consult other ex-
perts. Therefore, it is also a suitable medium of communication for the cooperating 
members of the production process.  

3   Methods and Techniques Applied 

As already described in the previous chapter, the visualization of processes presents a 
suitable method for the modeling in a cross-domain environment. This approach be-
comes more and more important in the context of the industrial production in Europe, 
because the rigid production planning systems are no longer adequate. 

In the past, tubes were ordered and produced in a standardized form. The customer 
could only order a set number of different material grades and standardized 
dimensions. 

These predefined configurations of the tubes were hard-wired in the implementa-
tion of an order entry system in form of keys. The keys can be directly used for the 
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order entry and for the production planning system. It was a difficult process to repre-
sent; the process knowledge from the precision tube production process into an exten-
sive set of rules. This set of rules is needed to enable the automated planning of the 
manufacturing process, and to assure that nobody could order an impossible tube 
configuration. Deviations of the defined specifications were not accessible. 

Because of the enforced competition situation in Europe, established tube manu-
facturers have to offer the customer individual products. Standard products can be 
produced more economically outside Europe. So it is essential for European tube 
manufacturers to offer their customer an added value to get the additional charge. 
This can be achieved by the production of exotic products with special material 
grades or special treatments. 

The planning of the production process for these products is problematic due to the 
fact that the production routes cannot be encoded in the planning system automati-
cally for these special features. A manual encoding of these special tubes is very ef-
fort intensive and fault-prone.  

A detailed description of this type of tube with a complete specification is often 
created in close interaction with the development department. The manufacturing 
process has also been developed, because the properties of a new steel grade are not 
always known in detail. It is an iterative process, and the manufacturing process is 
designed in close interaction between the logistic and development department [6].  

It was noticed in analysis of different development processes that it is possible to 
divide a complete development process into a restricted number of process blocks [7]. 
It is possible to use these process blocks to combine them into a new development 
process for a system, which was not developed before [8]. It is also possible to use 
this knowledge for the planning of manufacturing processes.  

The process of the precision tube manufacturing can be divided into four main 
parts, as you can see in figure 2. 

Swaging Pickling, 
Phosphating, 
Greasing

Cold drawing Heat treatment
(+A, +N, +SR)

Straightening, 
Inspection

Preparation Drawing Annealing Finishing

Finishing, Cutting, 
Dispatch

 

Fig. 2. Schema of precision tube making process 

The following parts are:  

1. Preparation: the seamless tube (Mannesmann process) has to be prepared for the 
following production steps. The tubes will be cleaned, pickled, phosphated, 
greased, and one end of the tube will be formed into a metal tang. This metal tang 
is used for the following drawing process. 

2. Drawing: The tube will be drawn cold through a die. There can be an inner tool 
inside of the tube to plane the inner surface. It can be necessary to repeat this 
process several time, depends on the target dimension of the precision tube.  
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3. Annealing: The drawing causes a strain hardening effect into the tube. The 
strength of the tube gets higher and it is sometimes necessary to anneal the tube to 
fits the properties to the planed values.  

4. Finishing: It is always the last step of the production process. The tube can be 
straightened, checked and prepared for the shipping. 

For every part only finite configurations are possible. Every precision tube manufac-
turing process contains several of these parts (patterns), but stringently not every part 
has to be involved in such a process. Some tubes, for example, do not need the an-
nealing part, while others need the combination of the preparation, drawing and an-
nealing parts several times. For every of these four parts exist a limited number of 
possible realizations.  

In figure 3 the different parts of the manufacturing process are colored in four dif-
ferent colors. 

pr  ps 1 ps 2 ps 3 ps 4 ps 5 ps 6 ps 7 ps 8

50 AWS 100 Pickle 1 50 to Drawing 1 50 to Drawing 1 furnace A flow line I test line A
51 AWS 100 Pickle 1 50 to Drawing 1 furnace A flow line II test line A leveling line
52 AWS 100 Pickle 1 50 to Drawing 1 flow line I test line A leveling line
53 AWS 40.1 Heater 1 Pickle 1 50 to Drawing 2 furnace A flow line II test line B leveling line
54 AWS 40.1 Heater 1 Pickle 1 50 to Drawing 1 furnace A flow line III test line B leveling line
55 AWS 100 Pickle 2 50 to Drawing 1 flow line IV test line A leveling line
56 AWS 100 Pickle 2 50 to Drawing 1 furnace A flow line II test line A leveling line
57 AWS 40.1 Heater 2 Pickle 1 50 to Drawing 2 50 to Drawing 2 flow line I test line B
58 AWS 40.1 Heater 2 Pickle 1 50 to Drawing 1 furnace B flow line I test line B leveling line
59 AWS 100 Pickle 2 50 to Drawing 2 furnace B flow line III test line B leveling line
60 AWS 100 Pickle 2 50 to Drawing 2 50 to Drawing 2 flow line IV test line B
61 AWS 100 Pickle 2 50 to Drawing 1 furnace A flow line II test line A  

Fig. 3. List of different process routes for precision tubes 

On the left side is a list with different process routes (pr) in green. Every column 
stands for one production step (ps). To the right to every process route is the sequence 
of the needed process blocks, and it is divided in to several production steps 
(columns). The yellow blocks, for example are preparation steps, the blue ones are 
drawing steps, the light blue blocks are annealing steps and the purple blocks present 
finishing blocks.  

As you can see in the figure 3, some combination of process steps occurred in dif-
ferent process routes. For example the combination of “AWS 100” and “Pickle 1” can 
be found in process route 51 and 52. There are several examples in the whole list for 
all production steps. In figure 1 is just a small section of the whole list. There are a 
limited number of different process blocks for the four production steps. 

It is possible to combine a new process for a special tube with these process blocks. 
The knowledge of a completed process can be reused. The different combinations of 
these process blocks make it possible to build up almost every special tube manufac-
turing process. Beside the description, a number of boundary conditions are stored for 
each of these process blocks. This special information is required, for example, for the 
processing or for temporal information. 

In addition, for the definition of the individual aggregates of the process chain the 
dependence between the aggregates is also defined. For instance, there are special 
conditions for the sequence of the working steps. The use of some blocks is only 
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possible in a special sequence. A preparation step has to be executed before a drawing 
process, to form the metal tang, and to soap and pickle the tube for the following 
drawing process. It is also often necessary to anneal the tube after a drawing process 
with a high cross-section diminution, because the stiffness of the tube got to high. 

The planning of a manufacturing process can be supported by these process blocks 
with additional information about their usage and their boundary conditions. The 
graphical representation of the blocks supports the close interaction between engineer 
and logistic planer and helps to model the needed process in an iterative method under 
the usage of the knowledge from finished processes. The logistic planner has the 
possibility to combine the individual process blocks of the process chain in a dialog 
with the product engineer and they are supported by a "light" system of rules. This 
system of rules suggests a possible configuration on the basis of the input and output, 
or shows possible compatibilities. So it is just possible to insert aggregates in a certain 
order. For example is the pretreatment in front of the drawing process.  

This procedure is described in figure 4. On the left side there are three libraries with 
process blocks for the preparation, the drawing and the annealing. In every library, are 
a number of different process blocks with a description and with information about 
their boundary condition. The process planner can use the process blocks out of the 
library and combine the manufacturing processes with the help of a system of rules, 
which evaluate consider the background information for every process block. 

Preparation

Drawing

Annealing

AWS 100 Pickle 1

AWS 40.1 Heater 1 Pickle 1

AWS 100 Pickle 2

AWS 40.1 Heater 2 Pickle 1

AWS 100 Pickle 1

system of rules

50 to Drawing 1 50 to Drawing 1

50 to Drawing 1

50 to Drawing 2 50 to Drawing 2

50 to Drawing 2

50 to Drawing 2

furnace A

furnace B

 

Fig. 4. Combination of different process steps supports by system of rules 

In addition it is possible to reuse the knowledge of finished manufacturing proc-
esses. The finished process models are labeled with their fundamental boundary 
conditions. So it is in principle possible to access the process knowledge from a com-
pleted precision tube production process. 
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4   Evaluation 

Hierarchical structure of task models together with the temporary relations between 
the task nodes makes it possible for the flexible handling of a production process. 
Such structures are difficult to represent in a table. The individual operations can be 
grouped to bigger sections and combined with each other. 

We tested our approach in a case study. The work plans were modeled and stored in 
an adapted version of the modeling environment. Now, the created work plans can be 
reused in other case studies. AMBOSS allows use of textual descriptions for each node. 
In this way, the collected individual experiences of employees can be saved. Thus, the 
internal knowledge is not lost, and future operations can quickly be created. 

The work schedules were already modeled and stored with an adapted version of 
AMBOSS in a case study. These work schedules can be used consistently. It is possible 
to store the collected experiences from the employees in the description field of the 
individual process block. So the internal knowledge is not lost and future work proc-
esses can be created faster. The process blocks are stored in a library and can be easily 
reused. The process blocks in the library, along with possible process routes, were 
generated from the production planning system. For every process block in the list, a 
representation of it was created in Amboss. The engineer and process planer can use it 
to model the required process. The graphical interface helps both sides in this iterative 
process. 

The library is divided into the four parts of the manufacturing process (preparation, 
drawing, annealing, finishing), as described above. For every part, there exists a lim-
ited number of process blocks with possible realizations of the manufacturing part. It 
is possible to combine these process blocks to a complete process. The process planer 
and product engineer are supported during this process by a system of rules, which are 
based on the divided boundary condition and other information.  

The provided background information for the process blocks in AMBOSS and the in-
formation about the already modeled process blocks assure that only feasible se-
quences can be arranged. With this background information, it is also possible for the 
system to suggest possible process blocks for the next steps. It is also possible for 
special requirements to be searched for in the process library with a full text search 
tool.  

After modeling the process model in AMBOSS, it is possible to start an export to the 
production planning system. The interface is based on the XML-notation. But at the 
moment it is only possible to use this export in one direction. Changes have to be 
modeled in the graphical process model, and in the next step they have to transfer 
again into the production planning system. 

5   Conclusions 

The task modeling environment was used in our approach to specify a production 
process in its early phases. AMBOSS offers elements like objects, barriers, topology, 
actors, and the communication flow of the system, which can be used to build up a 
process model. Additionally, AMBOSS provides a concept of views which help to 
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visualize product relevant factors as well as parameters for production facilities or 
resources on different abstract levels in the enhanced task models. 

With AMBOSS the user get a flexible modeling environment which allows editing as 
well as the direct manipulation of the task structure in an easy and intuitive way. The 
production process can be modeled, analyzed, and simulated using different views or 
by taking into account different production parameters.  

Since the software has been developed with reference to the analysis and modeling 
of complex socio-technical systems, the developers paid special attention to the crea-
tion of big models which can be easily visualized and used by engineers. Within the 
product development phase the task modeling is an interesting approach which pro-
vides effective support especially for the design of operation charts for customized 
products. 

For this reason, it is a suitable medium to consult between experts of the production 
process and the product development. By using our approach, the experts are able to 
reuse process knowledge for the planning of customer individual products. The 
knowledge needed to develop customized products can be saved into elements of task 
models and be reused if needed in a more flexible form than classical PPS systems 
can offer.  
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