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1. Introduction

Planning and scheduling problems become more strategic in manufacturing enterprises, which are expected to provide many kinds of products in the unexpected market place. Considering the manufacturing environment, enterprises have to make some alliances with their suppliers or customers, and then, one enterprise takes only a part of the whole production processes[1]. Because of this situation, planning and scheduling problems should be concerned as discentralized decision processes. In other words, an information infrastructure for the distributed planning and scheduling is necessary for coordination, collaboration and communication among different enterprises[2,3]. 
This paper proposes a standard representation schema of planning and scheduling problems. According to the schema, a representation language, referred to as PSLX, is used for data communication on the Internet. In this situation, an advanced planning and scheduling (APS) system collaboratively makes a schedule by talking to the other APS. In contrast to the traditional EDI-based communication, which depends on closed and strict relationships, web-based communication sometimes meets a case that the business partners cannot be identified in advance. Therefore, in order to make dynamic collaboration of virtual enterprises on the Internet, the proposed schema has to have a fundamental data structure and a basic framework of representation for planning and scheduling problems. 
The remainder of this paper is organized as follows. The next section explains a planning and scheduling language (PSL) schema, which is useful to define an abstract model of production planning and scheduling problems. Then in section 3, we show specifications of the web-based representation language named PSLX (Planning and Scheduling Language on XML specification). This representation schema is a little bit more discussed in section 4 by using an example of PSLX description for a chemical plant operation. The section 5, then, illustrates some business processes of future manufacturing using the proposed representation standard. Finally, the section 6 shows some additional discussions and concluding remarks.  
2. PSL Schema

Production Planning and Scheduling Problems (PPSP) have huge variety. Most persons in production management sections think that it is impossible to generalize PPSP. Nevertheless, this paper tries to do it. Implementation levels of production have many vocabularies, however, we know that abstracted one can be concerned as a kind of general models. This section discusses a general schema of PPSP. In order to discuss a model, we developed a PSL schema. In a narrow sense, PSL gives us syntax of data description of PPSP[4]. But in a broad sense, it can be seen as a general modeling schema of PPSP. In the latter sense, this section shows a conceptual model underlying on the PSLX specifications.

2.1 Primitive Elements of PPSP

To begin with, primitive elements in PPSP are identified. The selected primitives introduced below can be called ontology, that is, these primitives are kind of building blocks, and they are composed into a particular production model.  

Event, Job

There are many research efforts on job shop scheduling problems. In this sense, job shop scheduling problems contains flow shop, open shop, as well as FMS scheduling problems. On the other hand, there are another categories of scheduling problems, which we call event scheduling problems. Event scheduling problems are constructed by events that can change some status of products or manufacturing resources. For example, a petrochemistry plant can be discussed in an event scheduling, where the operator has to decide when and which the predefined events are triggered. In this case, the events change the mode of charging or discharging the equipments.

Since we think the job shop scheduling problems and event scheduling problems can be envelope all the practical scheduling problems, we extract two terms of primitive elements: event and job. In a generalized PPSP, event represents an actor that changes some status of target elements when some preconditions are satisfied. Each event has a value of its execution time. On the other hand, a job represents an action that has time duration from beginning to completion. For this duration, the job changes status of inventories of corresponding items, occupying or loading some particular resources.

Item, Resource

Scheduling problems generally concern jobs and resource availability for the job. Here, the primitive term resource means workstations, machines, equipments, tools, labors and so on. These resources can be divided to two groups: occupied resources and charged resources. Occupied resources are occupied by the job during its execution time so that any other job, that needs the resources as an occupied resource, cannot be executed. On the other hand, charged resources can be shared at a same time if the sum of usage of the executing jobs is in the restricted level. Machines and workstations are grouped to occupied resources, whereas labors and utilities are usually charged resources.

There is one more important category of primitive elements. In production scheduling, jobs need some input materials and produce some outputs. In some cases, input or output are called parts, work-in-process inventories or products. In PSL schema, these objects are all referred to as item. From the view point of PPSP, existing all real objects in shop floors can be classified to a resource category or an item category. If the target objects are produced or consumed by the job, they are defined as items. Otherwise, if those are renewable after the job is completed, we define them as resources. 

Order, Customer, 

There are many standard of order specification for e-commerce, e-procurement as well as EDI. Standard of such order description is important not only in these inter enterprise data exchange but also intra-enterprise among a MRP system and production scheduling systems. Consequently, PSL schema has order as a primitive element. In contrast to the term order using in the general context, this primitive is used in many situations, which are defined in four groups: item orders, resource orders, event orders and job orders.

Item orders represent orders in the general meaning, which require some final products or materials with quantity and due dates. This kind of order usually needs to create jobs, which produce the required products. Resource orders represent requests to increase the resource availability in the planning horizon. For example, when some labors are due to work overtime, this request is defined as a resource order. Job orders or event orders are simply represent requests to execute some particular jobs or events directly. When a job is defined without any input/output items, it cannot be execute by item orders.

In defining order information, many attributes are considerable such as item, quantity, location or destination, due date, price, priority and so on. The most important information in these attributes would be customer, because it is an actor generating the order. Therefore, PSL schema makes a term customer be one more primitive element.  

2.2 Constraints of PPSP

One of the most critical success factors for implementation of shop floor scheduling systems is availability to deal with various constraints in each production process. Since various characteristics of a production system are caused by the constraints of the production processes, all kinds of constraints cannot be classified to the categories defined in PSL schema. However, the followings cover almost every major type of constraints. 

Precedence Constraint

Precedence constraints are well known in job shop scheduling problems. For example, if job B is successor of another job A, then job A and B have a precedence constraint. In forward scheduling, a job can be started after all of its predecessor jobs are completed. On the other hand, in backward scheduling, a job can be completed only before all of its successor jobs are started.

All jobs have events such as start and completion. Furthermore, there are another independent events including shipping of products, materials or parts arrival, begin or change of production shifts and so on. Any two of these events can also have a precedence constraint. 

Precedence constraints have many variations according to characteristics of production processes. For example, some cases have a precedence constraint with minimum or maximum interval time. Moreover, in another case, considering that two jobs might be overlapped for particular time due to continuous production processes is also in a category of precedence constraints. 

Switching Constraint

If two jobs are executed in a same occupied resource, they have an exclusive relation, which means that one job should be started after another job is completed or vise versa. In other words, the two jobs cannot be executed at a same time. In PSL schema, this constraint is grouped to a category of switching constraints.

Switching constraints also have many variations. Normal type of this category is above that one job can be started after another job is completed. Variation of this normal type would be a case that one job can be started after some interval from the completion time of the other job, or a case that one job should be started just after the other job is completed. 

Generally, practical scheduling problems deals with switching constraints in a context that some jobs cannot be dispatched just after some particular jobs. The pair of the two jobs in this constraint is predefined caused by some engineering reasons. Another practical use case of this constraint is due to variable interval (setup) time depending on the combination of tow job’s characteristics. 

Stock Constraint

Stock level of each item can be varied during the scheduling horizon. Every kind of items such as final products, work-in-progress inventory, parts and row materials can have some stock, so that we can define stock constraints in which the level of the stock should be greater than a minimum level and less than a maximum level.

Generally, minimum level of stock is zero, because the stock should be always in positive number in the shop floor. One more case of defining a minimum level of a stock constraint could be discuss for a level of a safety stock. On the other hand, a maximum level of a stock corresponds to space constraints of a stockyard. In chemical plant scheduling, volume of an accumulation tank is a typical example of a maximum level of this constraint.

Loading Constraint

Compared with that stock constraints deal with levels of items, loading constraints concern about usage level of charged resource during the planning horizon. Amount level of resource usage for jobs, which allocate the resource at a same time, should be in the predefined range between a minimum level and a maximum level.

Also in this constraint, a minimum level is usually zero, because all resource usage of job is positive. Maximum level of a constraint is described as availability of the resource performance. If the target resource is occupied resource, allowable range of the constraint is from 0 to 1, and the level of usage takes whether 0 or 1.

The minimum and the maximum level of each loading constraint is sometimes static, but usually variable during the planning period. For instance, the maximum level of loading constraints on Saturday and Sunday is zero, because all resources in the factory are holiday. Another example of variable resource availability would be the number of labors including part time workers.

State Constraint

The last category of constraints is state constraints, which restrict the jobs or events execution in a general form. State constraints are represented using preconditions and post conditions for execution of particular jobs or events. Post conditions perform as actions of the jobs or events. These conditions are defined by the attributes of primitives and some numerical expressions. These attributes of primitive are changed during the planning horizon, by execution of jobs or events in the schedule.

This constraint is a kind of wild card, that is, all of above constraints can be translated to this formulation. Consequently, the other than the constraints available to represent by the first four categories will be grouped in this category. For example, in a case that a machine should be repaired in every a hundred usage, this kind of maintenance constraints can be represented by a state constraint.

2.3 Objective parameters of PPSP

In mathematical optimization problems, objective parameters or functions are necessary to obtain an optimum solution. However, practical scheduling problems are usually ambiguous in terms of optimization. In most cases, planners keep such optimization schema in their mind. With respect to objective parameters, we think that objectives cannot be put together into one parameter. In other words, PSL schema provides a set of important parameters necessary for any kind of decisions. Then a planner chooses his/her preferences according to the circumstances.

Objective parameters are organized by other parameters and some simple operators such as add, sub, sum, times, div, max, min, average and so on. The numerical expressions are defined by users. Some parameters, which do not consist of the others, correspond to attributes of primitive elements such as job, event, item, order, and so on. Consequently PSL schema allows users to add their own domain specific attributes. These objective parameters are partially used in dispatching rules, where a resource of the shop floor is available to start, and there are more than one jobs ready to start on the resource.

2.4 Scheduling Algorithms of optimization

Although mathematical optimization means to find absolutely the best solution, practical scheduling problem in shop floors doesn’t need such a best one. We know that most of them deal with various constraints, and try to make a feasible solution. Generally, it is hard to fined an explicit relationship between a required solution and its appropriate algorithm. Several optimization algorithms can be applied in order to obtain the required solution. Therefore, PSL schema doesn’t describe scheduling algorithms in detail levels. 

The priority rules described above are part of a scheduling algorithm. They are used partially in a step of a total scheduling algorithm. On the other hand, scheduling algorithms as a hole are only grouped by PSL schema. First of all, there are two different approaches, i.e., one is local search based approach such as GA, SA, taboo search and so on, and the other is deterministic approach based on a simulation technique. The latter doesn’t directly focus on optimization, but it is very practical in the real world. Therefore, PSL schema shows four groups of scheduling algorithms for the deterministic approach.

Time-dependent event simulation algorithms 

This algorithm is similar to a discrete event simulation typically used in plant operations. A scheduler puts job candidates on the target machine when an event of its completion occurs. These events are put in a temporal order and a scheduler takes into account them sequentially. 

Job-oriented forward/backward simulation algorithms 

Forward scheduling assigns a target job as early as possible, and backward scheduling concerns it as late as possible. These two scheduling directions are optional in job-oriented scheduling algorithms. Job-oriented forward/backward simulation algorithms mainly focus on job’s priority, so that they first select a target job and then concern when and where it will be started.

Resource- oriented forward/ backward simulation algorithms 

Same as job-oriented algorithms, resource-oriented forward/backward simulation algorithms also allows two directions. However, this mainly focuses on resource priority. In this algorithm, a resource is first selected, and then an appropriate job for the resource is considered. This is effective when bottleneck resources exist in shop floors.

Hybrid simulation algorithms 

Finally, many variety of combination of the algorithms above are named hybrid simulation algorithms. For example, combination of job-directed and resource-directed algorithms can be considered where a pair of job and resource is evaluated, and selected for execution in every stage. This hybrid algorithms have capability to obtain more optimum schedule than the others, however, this might take more computational time.

2.5 Class Chart of PSL Schema

In PSL schema, modeling framework constructed by the primitives can be represented in object oriented methodologies. The figure 1 illustrates PSL representation schema according to a class chart on the guideline of UML. The figure is not so precise but it clearly shows relationship between the primitives. 

In Figure 1, the relationship between job and item, and jobs and resources are represented by relation classes. Jobs and items are connected with produce/consume classes, which are used to select combination of input and output items of a job. When a schedule is fixed, these relationships are translated merely to connections of the corresponding primitives. On the other hand, jobs and resources have another relation class called assign, which describes how to assign relevant resources for the job. Resources that are assigned include both occupied resources and charged resources, and they are some additional restrictions in terms of their allocation.

Time depending data such as loading level and stock level cannot find out in attribute of classes, but in independent classes such as loading constraint and stock constraint. In these classes, variable data during the scheduling period can be shown. If there are other time depending attributes in the primitives, those are represented by independent classes similar to these constraints.













Fig 1. Class chart of PSL representation model

3. PSLX: XML Specification for PPSP

This section shows XML based specification format of PSL schema. The proposed representation schema is named PSLX (Planning and Scheduling Language on XML specification). Because all of the specification of PSLX syntax takes huge space to describe, some digest will be explained.   

3.1 Advantages of XML based specification

We already have PSL schema for representing PPSP. PSL schema constructs a general model of PPSP, and provides a method of describing each particular model by users. In contrast, PSLX is a language for communication on Internet among different computers. One computer generates PSLX data and then other computers read it.

Advantages of XML based representation are its openness, simplicity and scalability. Since there are many web-based technologies available to use, it is much easier to develop a new system using these new techniques rather than using conventional techniques such as EDI. XML based data exchange is becoming very popular in global manufacturing, and this will cause that connectivity is more and more convenient.

Here, we should note an important thing that XML itself is a kind of guideline, and in a semantic level, the main specification standard for particular applications is still required to each stakeholders. This is a reason why we contribute to make PSLX as a standard of PPSP representation on the next Internet infrastructure.

3.2 PSLX Outline

In designing a data schema on a relational database, table name and field name are primary discussed. When the designer deals with an application using XML, he/she decides tags hierarchy and attributes of the tags. These structures are concerned as a kind of syntax of each application domain. And then, according to the syntax, a parser of XML for the particular application translates data for each problem. 

<pslx ver=”1.0”>

  <problem name=”sample1”/>

  <item name=”A”/>

  <resource name=”M1”/>

  <job name=”OP1”/>

  <order name=”Z01”/>

  <order name=”Z02”/>

</pslx>

Figure 2. Example of top-level PSLX description  

Figure 2 shows a top-level description of PSLX. In PLSX, only the tag <pslx> is addressed at a top. Figure 2 also shows that the top level tag can have several tags such as <problem>, <item>, <resource> and so on as second level tags. Each tag has attributes such that tag <pslx> has “ver” attribute, and each of the second level tags has “name” attribute. According to this manner, XML represents problems using tag hierarchy and attributes. Note that, in Figure 2, the third level tags are neglected to show. Usually the hierarchy of these tags is huge in a practical problem. 

The above XML description shows an example, however, syntax or restriction of specification are required in another way. Table 1 is the information necessary in describing particular problems in PSLX. In Table 1, type A represents that the row shows an attribute or the tag, and E represents element. And “1” denotes the data is necessary one time, “?” denotes the data occurs only one time or nothing. “*” denotes the data occurs zero or more than one time, and “+” denotes the data occurs more than one time. Including these notations, specification tables like this tag are main body of PSLX, where cording programs generate XML data, and encoding programs read it according to the rules. The next subsection describes the other tags’ specification for the second level.

Table 1. Specification of top level element <pslx>

	type
	id
	ocr
	descriptions

	A
	ver
	1
	version no of PSLX

	E
	problem
	?
	problem specifications

	E
	event
	*
	event specifications

	E
	job
	*
	job specifications

	E
	item
	*
	item specifications

	E
	resource
	*
	resource specifications

	E
	order
	*
	order specifications

	E
	customer
	*
	customer specifications


3.3 PSLX specification

According to the PSL schema, syntax of PSLX has so many specifications. In order to explain them, tables that represent the contents of each tag is relatively easy to understand. Here, only some important primitives are briefly addressed. Other data can be referred in the PSLX specification manual[5].

PROBLEM

The table 2 shows data specification of a problem tag. This data shows entire information of the target problem. Meaningfully, the tag has information about time consideration. Time slice data, time unit data and time bucket data are important in planning and scheduling problems. Current date or time and planning period information are also associated with temporal consideration.

Table 2. Specification of <problem>

	type
	id
	ocr
	Descriptions

	A
	name
	1
	problem name

	A
	time-slice
	?
	time slicing (discrete or continuous) 

	A
	time-unit
	?
	minimum time unit

	E
	description
	?
	description of this problem

	E
	authority
	?
	author information

	E
	version
	?
	revision data

	E
	expire
	?
	expire date of this data

	E
	time-bucket
	?
	default time bucket in this problem

	E
	current
	?
	current date and time

	E
	duration
	?
	target period of this problem


JOB

The most typical data of PPSP is description of jobs. A job can make connection between manufacturing resources and production items. Table 3 shows contents of job information. The term of assign shows connection to appropriate resources, and produce/consume suggest relative production items. A master job is a template of its instance job that has fixed connections with items and resources when a scheduler makes a plan. If a job data is not a master, it has order information that creates the job. Predecessor and successor information show precedence constraints to other jobs, events and orders.

Table 3. Specification of <job>

	type
	id
	ocr
	descriptions

	A
	name|ref
	1
	name of this job

	A
	master
	?
	master job name or null

	E
	description
	?
	description about this job

	E
	parents
	*
	parents job name

	E
	children
	*
	children job name

	E
	display
	?
	display style of this job

	E
	priority
	?
	priority data for dispatching

	E
	spec
	*
	job specification data

	E
	order
	?
	order name that create this job

	E
	start
	?
	start event of this job

	E
	end
	?
	end event of this job

	E
	event
	*
	any other event of this job

	E
	duration
	?
	duration data of this job

	E
	assign
	*
	resource assign information

	E
	produce
	*
	Producing item by this job

	E
	consume
	*
	Consuming item by this job

	E
	predecessor
	*
	predecessors of this job

	E
	successor
	*
	successors of this job


ORDER

Order information is another important data that difficulty effects on the problem. In PPSP, some orders are given at the beginning, and others are generated during the process of planning and scheduling algorithms. In table 4, stage represents order status such as forecasted orders, fixed orders and result orders. On the other hand, by order type specification, make orders, stock orders and transfer orders are distinguished. An order tag data has only one item as a requesting product. If there are different items, different due dates and different destinations in one order, it should be divided to some children orders. Consequently, a complicated order is represented by a structure of order tags using parents and children elements. 

Table 4. Specification of <order>

	type
	name
	ocr
	Descriptions

	A
	name | ref
	1
	name of this order

	A
	stage
	?
	status (forecast | fixed | result)

	A
	type
	?
	type (make | stock | transfer )

	A
	direction
	?
	forward or backward

	E
	description
	?
	order specifications

	E
	parents
	*
	parents order name

	E
	children
	*
	children order name

	E
	display
	?
	display style of this order

	E
	priority
	?
	priority of this order

	E
	destination
	?
	location required in this order

	E
	customer
	?
	customer who makes this order

	E
	spec
	*
	any other order specification data

	E
	price
	?
	price of this order

	E
	time
	?
	due date or time of this order

	E
	qty | vol
	?
	quantity or volume of item

	E
	item
	?
	item that this order requires

	E
	predecessor
	*
	predecessors of this order

	E
	successor
	*
	successors of this order


4. Example of PSLX data

This section shows an example of PSLX description for a practical scheduling problem. The target example is a typical batch plant for medicine production. Using this example, effectiveness of PSLX description and a corresponding result of a schedule automatically made by scheduling software are discussed.

4.1 Target Problem

Figure 3 illustrates the process of the target plant. In this plant, there are four processes executed by seven equipments. One important feature of this plant is that some batch processes are executing followed by continuous processes, and vise versa. The first process of regulating ratio of raw materials is a batch process, and the third one is also a batch process. On the other hand, the second process and the final process are executed continuously. Therefore, the batch processes should concern the switching time due to the next processes continuousness.  

The example of scheduling on this plant has one item as a final product, and several jobs necessary for producing it. In the batch processes, the order of the final product is divided to four regulation processes and three reacting processes. The continuous processes basically have one job for each order. However, in this example, we suppose that there are several jobs in the continuous process in order to make connection to the predecessors.








Figure 3. Target plant of PSLX description

4.2 Data description

According to the PSL schema described in section 2, we first model this problem as PPSP. And then, it was described in the PSLX format. Figure 4 is a PSLX text code of the scheduling problem. This data is generated by a computer using a scheduling software. The scheduling software used in this experiment is named APSTOMIZER, which is developed by the author[6]. Because the size of this PSLX code is huge, the figure shows a digest of the complete one. However, it is possible to see much detail information especially for jobs and orders.

In Figure 4, problem, order and job are listed in a top level tags as a content of the pslx tag. Each top level tag has attributes and elements, and these second level elements also have more detail level that is not explained in section 3. Although this representation uses a part of the whole PSLX specifications, this data is enough to make a Gantt chart for visualize the result of the scheduling.

4.3 Visualization by Gantt chart

In order to make specification standard for planning and scheduling problems, the data described on PSLX should be easily visualized on the Internet. The figure 5 is a Gantt chart of the target plant schedule on a visualization tool named ApstoViewer. This tool is made by Java applet programming, and planned to be shared by all the PSLX users on the Internet[7].

Now we know the benefits of XML based specifications that the source data of the Gantt chart can be selected from any locations on the Internet. Moreover, if the user select another visualizing method or visualizing style sheet such as XSL, it is possible to show different chart or list of the schedule using the same data source.

<?xml version="1.0" encoding="Shift_JIS"?>

<pslx ver="1.0">

  <problem name="BatchPlantScheduling">

    <time-bucket>900</time-bucket>

    <current>2001/05/20-00:00:00</current>

    <duration><start><time>2001/04/01-00:00:00</time></start>

    <end><time>2001/08/01-00:00:00</time></end></duration>

  </problem>

  <order name="EvpOrder01">

    <item ref="Evaporated"/>

    <qty>2.5</qty>

    <time>2001/05/20-04:10:00</time>

  </order>

  <order name="EvpOrder02">

    <item ref="Evaporated"/>

    <qty>2.5</qty>

    <time>2001/05/20-05:10:00</time>

  </order>

  <job name="EvpOrder01@Regulating">

    <display>

      <name>Regulating</name>

      <color r="255" g="255" b="200"/>

    </display>

    <start><time>2001/05/20-02:10:00</time></start>

    <end><time>2001/05/20-03:50:00</time></end>

    <assign><resource ref="RegulationTank01"/></assign>

    <order ref="EvpOrder01"/>

  </job>

  <job name="EvpOrder01@Refining">

    <display>

      <name>Refining</name>

      <color r="255" g="255" b="200"/>

    </display>

    <start><time>2001/05/20-03:10:00</time></start>

    <end><time>2001/05/20-03:50:00</time></end>

    <assign><resource ref="RefiningMachine"/></assign>

    <order ref="EvpOrder01"/>

  </job>

  <job name="EvpOrder01@Evaporation">

    <display>

      <name>Evaporation</name>

      <color r="255" g="255" b="200"/>

    </display>

    <start><time>2001/05/20-03:10:00</time></start>

    <end><time>2001/05/20-04:10:00</time></end>

    <assign><resource ref="Evaporator"/></assign>

    <order ref="EvpOrder01"/>

  </job>
  …cont.

Figure 4. PSLX data for the target problem
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Figure 5. Gantt chart visualized by ApstoViewer

As shown in the figure 5, there are seven equipments and several jobs planned on these equipments. From the regulation tank 01 to the refining machine, four batches are executed, and they are together put into the evaporator. In order to make correspondence to the former jobs, this evaporating process are divided to four parts, even though it is actually a continuous process. After the evaporating process, two tanks are assigned for the three batches of a reacting process. Finally, these reacting batches are followed by a dry forming process, which should be again executed in a continuous manner.  

5. Business models using PSLX

As we briefly told an application of PSLX in visualizing the scheduling data on the Internet, there can be many series of applications depending on the PSLX standard. With respect to a supply chain management, planning and scheduling problems play a part of a key component. Therefore, collaboration and communication between a scheduling software and other surrounding applications give us many valuable future business models.  












Figure 6. Visualization of distributed scheduling

5.1 Visualization of distributed scheduling on the Internet

The visualization of distributed schedules, which are managed in different places, is much valuable especially in a global manufacturing. If these distributed sites have their own scheduler developed by different IT vendors, their schedules cannot be visualized by a common viewer without particular adapter programs. This actually causes a huge effort of the system implementation, and both the cost and the risk of the system will be increased. Using PSLX, only these vendors prepare to develop an interface to PSLX specification, the end user needs to have one scheduling viewer such as ApstoViewer. This provides us many flexibility of visualizing distributed schedules everywhere on the Internet. 

5.2 Dynamic cooperation of distributed scheduling

The next business model we propose can be willing to applied where more than two plants are required to coordinate dynamically. For example, consider that one plant schedule exists with a hole manufacturing processes, and then some of the partial processes had better to be outsourced to a partner company. This case could be illustrated as Figure 7. The figure shows that the intermediate processes from B to E are outsourced, and the corresponding new schedules are performed at different sites. 









Figure 7. Dynamic cooperation of distributed schedules












Figure 8. Rescheduling in cooperation with partners
In order to coordinate these two distributed schedules, we take a common job IDs on the border of each plant. Then the schedulers can perform cooperatively by communicating the data of the shared jobs.

5.3 Rescheduling in cooperation with partners

The final business model is dynamic rescheduling with suppliers production progress data. It is a common situation of typical manufactures that a production planner pays most of his/her effort to communicate with suppliers. However, it is hard to get their supplier’s appropriate information when he/she requests. Usually they use a fax machine, telephone, or directly go to the supplier’s site to get information they want to know. Using the Internet and PSLX data exchange protocols, the data gathering from relevant suppliers can be made in automatic or semi-automatic, where suppliers’ web server response to any query from customers, even if the customers are not human but computer programs. In this framework, a scheduler watches the relevant information inside and outside of the enterprise through the Internet. The information contains a progress of supplier’s production, shipping schedule change, transportation problems, and any other system malfunctions.   

6. Concluding remarks

This paper proposes a production planning and scheduling language named PSLX, which will be a standard format to exchange data among different manufacturing enterprises. In manufacturing enterprises, there are many ICT applications including the scheduling software. In order to make a flexible communication between different applications, XML based data description is useful. Therefore, depending on a production process modeling schema named PSL, PSLX chooses the XML based specification. This paper shows the PSL modeling schema and corresponding language specification on PSLX.

The effectiveness of PSLX is briefly shown in describing an example of a practical manufacturing problem. The target production process is modeled according to the PSL schema, and then a typical schedule is generated with PSLX specification. Although the output of PSLX is a part of the entire production model, we can find out that data of PSLX can be generated and visualized by computers in appropriate ways. It is important that this representation schema is much general for every kind of production in every manufacturing enterprises. Moreover, we can see that the PSLX standardization will bring us to more valuable future business models using the Internet.

With respect to elaboration and dissemination of PSLX, we founded a consortium of ICT vendors, manufacturers and academic institutes in July 2001. This consortium, named PSLX consortium Japan[8], is a nonprofit organization aimed to make de facto standard of application interface of this field. Some steering members of the consortium are APS (advanced planning and scheduling) vendors, so that the PSLX data will be able to directory accessed to the commercial APS software packages within a couple of months. This will provide web-based application integration infrastructure for all manufacturing enterprises.     

In future works, there are many things to do in our research activities. The current version of PSLX is a draft of specification candidates. We think it is not enough vocabulary for planning and scheduling problems. Therefore, adding and modifying the specification is necessary for this version. Furthermore, for each industrial field, it is required to make variations of PSLX for the special industries. This will be done in a kind of extension of the core PSLX. As we chose a XML based specification, the method to extend language is relatively easy. We think this research and development for PPSP standardization will affect an optimization in federation of distributed planning in global manufacturing. 
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