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Abstract. This paper describes the Flexible Graphic Visualizer. designed
for the graphic interpretation of the results of flowshop scheduling
algorithms obtained in a computational system. The visualizer is intended
for the understanding of the data model generated by a scheduling
algorithm. The visualizer interface integrates different visualization and
interaction techniques for a deep and interactive exploration of the
information represented in a visual manner. Due to the capacity of the
visualizer 1o represent graphically data of any scheduling context. this

system is useful to visualize complex data from flowshop scheduling
algorithms both on production environments or research.
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1 Introduction

This paper describes flexible visualization sofrware for graphic interpretation of the
results of the execution of algorithms for flowshop scheduling.

The first work dedicated 10 job scheduling. was published in 1950’s by S. M.
Johson [1]. Since those times, the problem attracted the attention of many researches
because the theory complexity. and diverse of practical’s applications [2, 3]. P“e lo
this complexity, the analysis and execution of scheduling algorithms require the
development of computational systems. such as visualization tools. that help an the
interpretation of the algorithms’ results. With the help of these tools. it is possible t0
make clear different schedules effects. such as "bottle necks". machines employment,
homogeneity, etc. ' .

When a specific scheduling algorithm is implemented in industrial environments. 1t
is important for the operators 10 have adequate representations of the data, showing
not just the schedules but related information, in a comprehensible and comfortable
form. 1o support the organization of the productive process. The information related to
the schedules are. allocation of jobs to the resources, monitoring of jobs’ dates 10
machines. setup times in machines. WIP, interruptions of machines for blocking, €tc.

The visualization systems or visualizers available at this time. both con}merClal
and particular. were designed for certain groups of problems according to the interests
of their users. Taking this in account, the properties and behaviors of visualizers allow
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classifving them in three categories: /lavour visualizers, automatic visualizers and
enterprises solutions visualizers.

Layvour visualizer provides the user with a set of tools, such as lines and forms, to
generate graphs from the results of its scheduling algorithms in a manual way [4, 5].

Automatics visualizers have an interface for interaction with the user; involve
programming 10 generate graphics according 10 a wanted context. They provide
diverse 100ls for the exploration of the data [6, 7. 8].

Enterprises solutions visualizers are integrated in packages of applications that
offer 1o the companies’ solutions to their problems in diverse areas, such as the
management of departments. the planning of the production and projects, etc. The
features for these visualizers are very general due to their tendency of embracing
diverse areas. The specialization and robustness of this kind of visualizers are in
proportion with the cost and the maker's prestige [9, 10].

Due 1o the complexity in the generation of calendars, standard free software
doesn't exist for charting the results of specialized algorithms in scheduling. The
commercial visualizers are oriented 10 enterprise companies at very high cost [7, 9,
10]. The visualizers developed for research is oriented to particular uses, for example,
[11,12].

The investigation of algorithms and visualizations of results for complex models
of scheduling imply a variety of elements to be represented in the same chart.
Otherwise. the implementation of visualizer in the factory requires diverse focuses in
a schedule with the purpose of acquiring valid conclusions about the productive
process.

This anticle describes the design of a flexible graphic visualizer (VGF) that
achieves all requirements above mentioned. It is employed as an independent
component for the system PLARETF. developed for execution and analysis of
flowshops scheduling algorithms [13, 14].

The rest of the paper is organized as follows: Section 2 explains the definitions and
intrinsic notations in a scheduling problem, shows up the visualization of problem
results using a Gantt chart. The Section 3 describes the state of the art for the
knowledge acquisition from a dataset that are studied in a specific context. The
Section 4 provides the design of VGF. Presenting the scheduling knowledge model
and the visualization techniques identifies according to the characteristics of the
scheduling: later is detailed the elements of VGF interface in which are reflected the
visualization techniques studied and the way we relate them to provide many
perspectives and details of the information. In another section the characteristics of
VGF flexible input format that allows represented graphically different models of
shops scheduling is showed. Also, the VGF architecture showing the outline of its
elements and the communication that exists among them to provide the required
functionalities are presented. Lastly. section 5 contains the conclusions of the work.

2 Scheduling Problem

Different aspects of scheduling are examined in scientific literature [15, 16). The
problems are formulated in terms of “jobs” which are processed in “machines” with
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various constraints. The jobs flow patiern of the machines defines the shop model. A
conveyor with m successive operations represents a simple flowshop (FS). If for the
execution of at least operation are several machines available, such shop called as
flexible flowshop with m stages (FFS). if the machines in a group are identical, and
hybrid flowshop (HFS). if these they are uniform (machines with different speeds) or
not related (different machines). The Fig. 1 show the resources system in a FFS with
m stages, each of which contains m; parallel machines, i=1, ..., m.
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Fig. 1. Flexible (hybrid) flowshop with m stages.

With each one job j, j =1, ..., n, several data are associated, as processing
time p;); in the machine i of stage /. arrival instant rj in shop, due day d; that

represents the dates the job j is promised to the customer, weight w; which is
basically a priority factor of job related 10 other jobs in the system, setup time Sk of

the machine i to process the job k afier the job j. the model specified other properties
and restrictions as set M j of eligible machines for job j when in the machine

environment are several machines in parallel, machines blocking which may occur in
flowshops when it has limited buffer between two successive machines for work in
process (WIP) between two successive machines, etc.

The scheduling aim is to satisfy criteria. The most common optimization criterion
is 10 minimize the jobs set processing time (makespan) since usually implies a high
utilization of the machines. Others criteria exist. such as minimize the jO_bS’
finalization time, considering jobs arrival at the system (release times). finalization
compromise dates (due dates), priorities (weights), precedence relationships. the
number of jobs retarded, among others.

Here an example is presented. It is necessary 10 process 6 jobs in a HFS of two stages
with a machine in the first stage and two machines in the second. All the jobs consist
of two successive operations. The first operation carries out by unique machine of the
first stage. To execute the works 1, 2, 3 is eligible the machine 1 of the second stage
and for the other three works the machine 2 is eligible. The jobs release times are
rj =0, j=1,...6.The Table 1 shows the jobs™ processing time for the example. The

non eligible machines for a definitive job are marked with the sign "-".
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Table 1. Jobs processing time

Jobj Machina 0 Machina ] Machina 2

1 ] 4 -

5 9 -
3 3 6 -
4 3 - 5
5 4 - 10
6 8 - 7

The permutation 7* = (5, 2, 6, 3, 4, 1) corresponds to optimal schedule with
Cmax =30. The Fig. 2 shows the problem solution in Gantt chart form for the

permutation z*.

~
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Fig. 2. Ganti chart for the optimal permutation 7* = (5, 2. 6, 3,4, 1)

As shown in the example, the Gantt chart clarifies the visualization of the
assignment and the movement of jobs on the machines. timing of each job. and idle
times of each machine. In a similar way. other properties and restrictions of the shop
are indicated in the chart. The Gantt chart is applicable for any kind of shop:
flowshops, openshop, jobshop, therefore they are used in different scheduling
visualizers [6, 7, 8,9, 10].

The visualization of scheduling shops has its intrinsic complexity due to variations
in:

— Length of Gantt chart that vary from short periods of time to Jong periods, until

thousands time units:

— Models of resources as number of stages in shop, number of machines for

stage, type of flow of jobs.
~ Concepts and values to be displayed, such as makespan, setup times of the
machines. release times, WIP, and blocking.

— Necessity of obtaining and visualizing the information for demand.
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3 Acquisition of the Knowledge through the Visualization

3.1 Knowledge Acquisition Stages

The visualization is the creation of a mental image from an abstract concept [17]. 10
perceive the characteristics of the data examined. Diverse approaches exist about the
knowledge acquisition, locating the visualization as a layer between the human and
the information [18]. In publications referred below. authors analyzed how the
knowledge was represented 1o visual form from raw data. According to [19]. the
knowledge acquiring process is composed by four conceptual elements that evolve in
the time: those elements are involved in an understanding context.

In the lowest par of the model. the raw data are stored as a characters set. In the
following level metadata are added. 10 bind the raw data to particular context.
resulting in what is denominated as information.

Until this point the raw data and the information are denominated as producers
because they produce the information about a context. In a higher level, .the
information interacts with a human. The data are interpreted when being placgd ina
context. Based on the experience. the knowledge has achieved. In this point. the
knowledge and the information are denominated as consumers. Finally become-a
concept called wisdom, which is achieved using and combining the knowledge in
different forms and situations inside the individual's context.

Another approach is proposed in [20]. In the visualization process lherg are four
basic phases that feedback between the last in the first. The first phase consists on the
recollection and storage of the data. the second phase pre-processes and it tr_ansforms
the data in information according to the individual's environment; the {hxrd phase
deploys the graphically information that activates the visual and cognitive human
Systems. An analyst interacts with the information in three aspects. The first one is {he
data recollection from any physical environment where they are stored, and a social
environment that determines their interpretation. Aspects as the explog’atlon and
manipulation form the second aspects where the data are been underslandmg'for the
human. and the third aspect is about the visual device. the manner which the
information is represented to the user in visual form. )

In [21] described the transformation phases of a dataset into visual forms for
human collectors. In the first phase. the raw data are converting i.n tables of data
through of metadata aggregation. The following phase is to add a visual structure l(;
the data tables producing a visual representation. This is achie.ved through visua
mappings. The last phase involves the visual mappings interpretation to show them l(;.
the user through a visual device. The user feedback the system through thq change o
parameters that control them the three phases of transformation above mentioned.

The visualization concept approach development by Card [21] was used as
conceptual base for the VGF design. and is described in section 4.

3.2 Visual Exploration of Data

Three processes compose the exploration of data in a visual way: panorama, zoom
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and filtrate [22]. First. the user needs 1o get an early panorama of the data, where
patterns are identified and focused in one or more of them. To analyze patterns, it is
needed 10 access data details. The user identifies a data subset. deepens the panorama
through zoom and filtration process. decomposing the subset and exploring its
elements 10 obtain details. It is important stress that the visualization technology not
only provides the bases of the techniques for the three processes of the data
exploration but it is also the bridge among them.

3.3 Visualization Techniques

Below the techniques applied for the interactive visualization charts are described.
Keim [22] classifies the visualization techniques according to three approaches:
— Characteristics of the data.
— Technique used for visualization.
- Technique of interaction with the data.

The data characteristics specified the data types represented: one-dimensional, bi-
dimensional data, text, hypertext. hierarchy, graph, algorithm, and software.

In [23] a deep analysis is made about the visualization techniques and the context
in what are appropriate: 2D and 3D graphics, geometric transformations, iconic
representations, density diagrams of pixels (stacked diagrams are an example of
them.) Also in the same paper authors analyzed how the data can be explored and

manipulated.

4 VGF Design

The VGF described in this article. is an application developed for the necessity of
representing graphically the results from PLARETF [13] system. The VGF system
has a flexible input format. and allows the graphical representation of any shop type.
including openshop and jobshop. with their characteristics and restrictions.

The agile understanding of the model is reached through the application of
interaction technologies. Below some visualization aspects are described in the
scheduling context.

4.1 Scheduling Results Knowledge Model through VGF
The model of understanding through visualization, presented in fig. 3, describes how

the data generated by a scheduling algorithm, are understood by an analyst. Three
transformation processes and a feedback process compose it.
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Fig. 3. VGF scheduling results knowledge model

In the process of contextual transformation. output data of an algorithm, stored in
a text file in the input format of VGF are interpreted in the scheduling context. Thus,
the raw data has become information. The VGF component, transforms the
information from scalar 1o the vector adding visual mappings.

Later, the VGF component 1ransforms graphically the vector information through
the interface. showing the algorithms results in graphical form. In addition. the VGF
interface offers a collection of 100ls that allows user interaction with the information.
In this point. the feedback process facilitates the access to the calendars data in plain
text, 1o manipulate the information and to explore it in detail, activating the cognitive

and visual systems of the user. The transformation and processes feedback are inside
the scheduling context.

4.2 Visualization Techniques

The VGF used the following visualization techniques [22].

— Data representations:

The system uses text 1o define labels and comments. The jobs processing dates are
defined as two-dimensional data of text: it is an array whose each line describes the
job timing. The data involved in the shop mode] representation are hierarchical. in
tree form whose root is the shop, the machines occupy a second level, and the works
are the leaves. .

— Visualization Techniques:

As the main representation for the algorithms results provided by PLARETF, we
use Gantt charts for the representation of scheduling characteristics and restrictions.
The Gantt charts allow visualizing. in an agile way, the jobs processing order in the
shop. indicating the machine used. and the beginning and end instants for each
operation of the jobs.

The diagram radar view shows a scaled representation of the diagram of Gantt to
give the user a total perspective of the image. This is usefully when an original
schedule is very extensive and doesn't spread out entirety in the screen. This is
important when. for example, a schedule has a big number of stages. machines, and
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jobs: big values of times: and numerous restrictions and characteristics. This kind of
diagrams offers the possibility 10 browse the daia and to observe in detail the
characteristics of a subset of data.

The third visualization technique implemented is a tree diagram. which takes
advantage of the hierarchical characteristics of the data and it deploys 10 the tree a
directory of elements whose three levels are the shop. the machines and the jobs. This
kind of representation allows observing the complete structure of the shop.

— Interaction techniques:
The interaction techniques added to the VGF allow the interaction with the data

through an interface [20].

Interactive Zooming provides a scale diagram handling in two senses: nearing to
the data to show information in detail on certain areas on the image: reduction of the
image 10 give a wide perspective. In dependence of the original size the Gantt chart
offers 25. 50, 75. 100. 150, 200 % of zooming.

Interactive Filtering consists on the selection of a data subset to observe its details,
for example. 1o show the work-load assigned to each machine.

Linking and brushing provide simultaneous visualization of the same information
in related diagrams that provide several perspectives of the same information to the
user [25, 26].

4.3 Interface

The VGF interface integrates the visualization techniques and the interaction
techniques mentioned previously.

The screen is divided in five areas (Fig. 4a): 1) Menus and shortcuts, 2) Gantt
chan, 3) Shop tree, 4) Radar view, 5) Schedule properties.

The menus and shortcuts area incorporate basic actions: open files, save files, print
diagrams. export a graphic schedule. as well as the shortcuts to provide greater agility
in the handling of the system.

The tree diagram corresponds to the hierarchical structure of the shop, having the
shop as root. and in second level the machines are located with the jobs as leaves.
This diagram is related with the Gantt chart, the radar area and the schedule properties
in the following way. When the user selects a node of the tree. it is shadowed in the
Gantt chart and in the diagram of radar view. Also the interface shows the information
details of the selected node according to the context of the element. For example, if
the user selects the root of the tree, the Gantt chart stand out and the characteristics of
the shop are shown in the area of properties containing: kind of shop (simple
flowshop, hybrid or flexible flowshop). characteristics of machines (parallel,
identical, uniform or not related machines). among other data (see Fig. 4a). If a
machine is specified. then in the area of properties the characteristics of the suitable
machine are shown containing information such as: number of jobs assigned for
processing in a machine. completion time of all the works, jobs for stage with their
respective completion time (see Fig. 4b). In the event of selecting a specific job. in the
properties area are shown the instants of their release times in the shop. beginning and
end of the setup times. and completion times (see Fig. 4c).



Fig. 4. VGF interface: a) selection of root tree; b) selection of machine; c) selection of job.

The Gantt chart spreads the schedule with all their characteristics defined in the input
file of VGF: release time and finish time for each job. and their operations with regard
10 the machines. In this space it is possible 10 add the analyst's annotations about the
graphic schedule.

Radar area shows the complete Gantt chart. adapted 1o the size of the area. using a
reduced scale. 1t offers a wide perspective of the diagram. and allows the navigations
10 specified parts of the graphic representation in the area of Gantt chart.

In the area of schedule properties. some properties are shown according to the level
selected in the area of shop tree. ]t also allows to the analyst 10 make comments about
the schedule in description field.

All the diagrams that appear in the VGF interface are related 10 each other to offer
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different views from the same information. as it prescribes the use of the multiple
visualizations. in such a way to provide bigger detail of data [27, 28].

4.4 Input Format

The computational system PLARETF provides to the VGF system with scheduled
data in a special input format. The solution of the scheduling of a workshop, provided
by PLARETF is not agile for understanding due to the extension of involved
information. The input format of VGF was designed in such a way. that can adapt it to
any scheduling context.

Below the input format implemented in VGF is described. The data is divided in
four sections (Fig. 5).

The first section (Fig. 5a) contains the schedule notations. It is a summary of
declarations of the notations in the text file for their visual representation.

The second section (Fig. 5b) summarizes the shop characteristics, which contains
Graham's triplet: shop characteristics (FS, FFS or HFS), and characteristics of
machines (parallel, identical, standardize. not related). Also. all the jobs characteristic
and optimization criteria are specified.

The third section (Fig. 5c) describes the shop resources. detailing the number of
stages and the number of machines for each stage, as well as the total jobs quantity in
the shop. All the machines, jobs characteristics and optimization criteria are specified.

The fourth section (Fig. 5d) is the area of specification for schedule times. An
array contains the timing of the works. The items correspond to concepts related with
each job: processing time, release time. setup time, WIP, and blocking.

The columns are organized by triads. For an Item 1, the first triad describes the
timing of job in the machine that carries out the first stage (operation): the machine
number, time of beginning in this machine and time of the end. The second triad in
the same way describes timing of the second stage, etc., for all stages and for all
items.

The form of representation of input data in an array gives the flexibility to VGF
because it is independent of the scheduling model.

The system allows 10 add more elements than they are in a traditional Gantt chart,
that represent another data besides of jobs processing time and sequence depends
setup times: in order to accomplish this, it will be enough with adding another label
called description in the section one. and add an array in the section four for the new
description.

4.5 VGF Architecture

The architecture of VGF is organized in three layers (see Fig. 6). The first layer
corresponds 1o the interface by means of which the user interacts with the
information, represents visually the algorithms results and allows to manipulate and
explore the data. The second layer works as VGF administrator that monitoring and
responds 10 the user’s actions. The third Jayer contains the VGF component, divided
in three modules: interpretation engine, entity data and mapping visual.
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Fig. 5. The VGF input format: a) notations section: b) schedule features: ) resources
specification: d) array of processing times.

The interpretation engine is the one in charge of reading all the information of the
input text file, to incorporate the information into the system and to store it in the data
entity module. The mapping visual module take the stored information from data
entity and transforms the information from scalar to the vector. and generate a
diagram that is sent 1o the VGF interface 10 present it 10 the user.

The VGF component represents the Gantt chart. Therefore, it has the property of
been reusable in other projects. It requires as input, the schedule information
generated by the jobs scheduling algorithm and creates a Gantt chart with all the
schedule’s characteristics. The VGF component is independent of the management
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and visualization modules. It is designed 10 be re-used in any visual platform
customizing its characteristics 10 respond 10 the necessities of future research where
the visualization of job shops scheduling should be required.

VIEW  CONTROL MODEL

Gl

VGF VGF [ Visu Mappings |
Interface Management || —————

Fig. 6. VGF Architecture

5 Conclusion

In the development of visualization systems is important to take in account the
specific context of the area in order 1o extract most information about the graphical
representation of the data.

The real production implies necessities in the development and researching of
scheduling algorithms with specific characteristic of the problem. The complexity in
the visualization of calendars is due to the variety of elements 1o be represented in the
same chart. At the moment doesn't exist sofiware of free distribution that shows all
the elements in a schedule. The commercial visualizers don’t achieve with the
investigation necessities and they have a high cost. '

In this anicle we proposed a model of acquisition of the knowledge in the
scheduling context through of the user's interaction with VGF. The design of the
interface in form of four related areas gives 1o the user different perspectives of the
information. VGF is a flexible visualization system due to his input data format, and
visualizes diverse scheduling shops. This VGF could be reused in future researches
that require the visualization of schedules generated for different scheduling models.
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