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Table 1 Production Orders

L7 —= (1) Bl ()
A - BTHIRE 1,730 A1 1,260
A2 470
B: = &"—H#K 5,500 B1 1,200
B2 800
B3 700
B4 1,500
B5 300
B6 500
B7 500
C: T4 vyai—si— 1,450 C1 750
C2 700

CE)) ApERET]  1,240t/day
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Table 2 Production Capacity of Machines

L 7 —7 B | WERRES(Yday)  (— : FUHRED)
RIN—TF | frn—=7 A1 | PR 2 | FDRRER 3
A A1 A1 250 450 -

A2 A2 110 220 -
B B1/B2/B3 B1 350 700 -
B2 350 700 —
B3 350 700 -
B4/B5/B6 B4 - 700 700
BS - 700 700
B6 — 700 700
B7 B7 - 700 700
C C1/C2 C1 - - 400
C2 - - 400

TNHDEGEEBLTCAF YV a—Y T EITH O, Z’J"‘}:vai/ﬁﬁH@%é’u%?“/b
—F L L THIN—TE2RETDH. TIA—T1F, BBATr P a— NV EETIRT LD
ﬂmbf,:@x&yzww%ﬁﬂx&y;—w_7v47&v/bfw<kw®%@f&
%, FOEMIC, PIA—T1L, FIATEERE, QEESCHRENL - BRSO
LT alliha £ H5. Table2 (2R3 L 91Z, A1, A2, B1/B2/B3, B4/B5/B6, B7,
C1C2 D6 >D I N—TIZHEI L TRIHT 5.
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Fig.9 Scheduling Step ©
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Fig.10 Scheduling Step @
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Fig.11 Scheduling Step ®
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Fig.12 Scheduling Step @
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[ Start: Q WEE ]

ratio=0 ratio=0
ratio Q=Q/T ratio T=Q/T
times_Q = 1 times_T=1
auto_Q = false auto_T = false
T=Q/ratio Q=T *ratio
auto_T = true auto_Q = true
ratio Q=Q/T ratio_T=Q/T
times_ Q=1 times_T =1
times_Q times_T
=times_Q + 1 =times_T + 1
ratio = ratio_T
A 4 h 4
End t End ‘
Q: EEHE
T: VEZE LB R
ratio: P AN AERE )
ratio_ Q. AEHEFET LB IIRE SN O ROLIEEES
ratio_T: R 2 A Ltfi‘/z} TERTE &N D ROABEEE S
times: WLBERE T % T B T2 OIS A — DR O MLBEAE 1 38R ﬁéhén’%L LB
B S hEE, B—oEMEOMBEENICRE sV, FEEKRTL,
B ®8hkE Tl Fﬁ?‘éﬂi_ﬁ&ﬁéﬁ BERETD.
times_Q: 4HEHEOER i - TR —OEIMR O MEREE IR E S vz B
times_T: 1 %kﬁﬁ*ﬁ'ﬁ@m‘ Z & o TR~ DEAMROMMBERE TR E S 7=[EE
auto_Q: EF‘&T_@%ﬁ@TE#ﬁuE BEICIT N E»ERT T I
auto_T: VESEMRIF O EREIE & CIThh e EnERT7 77

{ Start: T 7385

Fig.13 Algorithm for Setting Quantity and Time of an Operation
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Start:
bHHREDZ X OER
res_S # res_DIZEH

No

res_D
Eresources

res D %
resources (T
BERT DT

No

cap(res_D)

== cap(res_S)
cap(res_D)
CHLER R
A EE res_D %
resources (2B
v

cap(res_D)
= cap(res_S)

l

A
End

Res_S: A EJI&ER

Res_ D: ZAHELER
resources: N FIREG AR
cap(res): &I res DREAES

Fig.14 Algorithm for Changing to Alternative Resource
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Fig.15 Examples for usage of the block point function
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£95%.

Fa oy EateE UIEEE, BN AH 2 VK THADO L L LOHRNET 1Y 7R
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[ Start: % ]

v
<TEE> \
- opes = FREROIELE
- opes ZEEDBMKIEAOBRVEIL Y — b 5.
- b L targetOpe BFETHIZEIICEET 5.
- waitingOpes = ¢
- adjustedOpes = ¢
+ originOpe = targetOpe

waitingOpes
mmam (15

No
<BMRIEEDERO>
- opes DFEFADOIEELZTY BRE ope & T 5.
- distance(ope) = 0

» originOpe = ope

- ope % waitingOpes D SEEEICIEAT 5.

4

<{ERORE>

- waitingOpes DFEFHDEEZEL Y BR& ope &7 5.

- ope KOOI L > TEBINEZLOTHAE, £0
JEBR L7-/E¥ L OBRIZHE> T ope T 5.

» ope % adjustedOpes D ICTEIZIE AT 5.

<PARRIEEDREQ > )
+ adjustedOpes @%ﬁﬁ@{’ﬁ%(adjustedoaee)&:{3?]4,%733
&Y opes |[ZF END{EE(ope) BTFEETILUIEEND
DYEFEA B BR<. .
C TANCO ope lZA L CLA T O AT S .
» distance(ope) = distance(adjustedOpe)+1
+ waitingOpes (2B ENAFCHE > THIAT 5.

Y
(=]
opes: FHEERT R OIEZERE.
waitingOpes: RERIT O MROFEELRET L. EEIORELTS.
adjustedOpes: PRI NTEELRET D, WEINERAHEIIAND.
targetOpe: PR OEEL BT 220 ORMOEEOEE.
originOpe: TS ROEELZRR L O AHEOEADEE.
Distance(ope): ope DHREDE LN OEEE (BEAOEE.
ESENaNT DT OBEREMIZHE > THRTE SIS ESEIEY

(1) BBR L= {E% & OBRME I High 2855 5. F—0%8iZ@Ici5.
(2 BELEELE— I —TICB L COAEELELT . R—0HARE@IHES.
(3) Distance(ope) D\ ope (1EZ) % EET 5.

Fig.16 Algorithm for Adjustment using operation relations
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EREELS

With the high speed innovation of information technology, many production scheduling systems
have been developed. However, a lot of customization according to individual production
environment is required, and then a large amount of investment for development and maintenance
is indispensable. Therefore now the direction to construct scheduling systems should be changed.
In this paper, how a production schedule is made by a production scheduling operator is analyzed.
The final objective of this research aims at developing a system which is built by itself, extracting
the scheduling technique automatically through everyday scheduling work, so that investment will
be decreased. To develop such a production scheduling system, this paper shows a prototype of the

gantt chart interface system that imitates the scheduling work on paper.
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Abstract

With the high speed innovation of information technology, many production scheduling systems have been
developed. However, a lot of customization according to individual production environment is required, and
then a large investment for development and maintenance is indispensable. Therefore now the direction to
construct scheduling systems should be changed. The final objective of this research aims at developing a
system which is built by it extracting the scheduling technique automatically through the daily production
scheduling work, so that an investment will be decreased. To develop such a production scheduling system,
this paper shows a prototype of Gantt Chart Interface System that emulates the production scheduling work
on a paper. First, how a production schedule is made by production scheduling operators is analyzed. A
model for expressing a scheduling problem and basic functions for manipulating it are then proposed. An
overview of the prototype system is shown next. Finally the prototype system is applied for a sample
production process, and the effectiveness of this system is evaluated.

Keywords:

Production scheduling, Gantt chart, Production management, Operational scheduling

1 INTRODUCTION

With changes of the consumer's demand structure,
production management functions in manufacturing
industries become complicated. Systems for the production
scheduling work that is a central role of production
management functions are built passionately. According to
environmental differences for process types, facilities and/or
relationships between consumers and suppliers, there are
differences of the production scheduling work. Many
production scheduling systems are developed for an
individual process individually. It is required much
customization to apply to an individual production
environment, and a great deal of initial investments is
necessary for development. Furthermore, with social
environmental quick changes, system specifications
themselves change in the term of the system development.
So an additional investment is necessary, or an investment
effect fades. In addition, systems developed in this way may
need a lot of investments for maintenance.

The current construction style individually systematized for
an individual process must be changed to solve such a
problem for developing production scheduling systems. The
new paradigm that will change direction of the system
development must be considered. So, the final goal of this
study is to construct the production scheduling system of
the self-construction type that learns scheduling technique
itself through the daily production scheduling work.

Until a production scheduling system was introduced, in the
production scheduling work, the feasibility of production has
been checked by drawing a Gantt chart (the time chart
which allocates operations for resources) on paper or using
spreadsheet software. In this study, Gantt Chart Interface
System which emulates manipulation on a paper and
extracts user's operation histories is developed. In this
paper, how a production schedule is made by production
scheduling operators is analyzed first. A model for
expressing a scheduling problem and basic functions for
manipulating it are then proposed. An overview of the
prototype system of Gantt Chart Interface System is
shown next. Finally this system is applied for a sample
production process, and the effectiveness of this system is
evaluated.

2 PRODUCTION SCHEDULING WORK

Gantt Chart Interface System handles the operational
level of the production scheduling work which is the lowest
level of the three hierarchical levels (strategic / tactical /
operational) of the production planning and scheduiing
system described in [3]. Scheduling for the operational level
makes a detailed production schedule under the constraints
from the tactical level. Gantt Chart Interface System is
aimed for the construction of the production scheduling
system of the self-construction type. It should be developed
to be able to support various kinds of the production
scheduling work of a wide range in the operational level. So,
at first it is considered interactions with Gantt Chart
Interface System that are handled in various kinds of the
production scheduling work to define basic manipulation
functions for user interactions.

2.1 A Model for Production Schedule

Operation means a processing activity to make a product,
and an operation uses some resources in the processing
time specified for each operation. An operation consists of
more than one task. One task uses one resource. A Task
using primary resource (defined firstly) is called a primary
task. Operation chain means a connection of the operations
that are necessary to produce a certain product, and an
operation chain consists of more than one operation.
Resource means a thing which is needed to process an
operation (facilities, a workers, and so on). Production
scheduling is a work that tasks specified by operations are
allocated on resources.

Figure 1: A model for production schedule

Basic manipulation functions for user interactions with
Gantt Chart Interface System are as follows.



« operation (primary task) generating and deleting
« task allocation on resource

« task addition for operation

« resource changing for task

» time moving for operation

« time expanding or contracting for operation

« operation duplication

« operation generation according to stock predictions

2.2 Time moving for operation

A production process handled in the production scheduling
work is usually expressed by operation chains of plural
operations. Processing time and order of these operations
are set through the production scheduling work. The most
important bottieneck operations for scheduling are usually
limited to only a few in plural operations handled. The
following functions for time moving activities under the
constraints for operations are necessary for the production
scheduling work.

« time moving with satisfying the constraints which restrict
the usage of resources

« time moving with satisfying the time context constraints
between operations of operation chain

e time moving with satisfying the constraints of hidden
operations (The hidden operations are not expressed
explicitly as operations for the production scheduling
work. While a user recognizes constraints of such
operations, operations related to hidden operations are
moved by user.)

» backward / forward time moving for operations
« permutation order replacing of operations

« time moving for operations in a certain group

2.3 Time expanding or contracting for operation

An operation chain including scheduled operations is
related to a production order. There are two types to give
production orders. In the first type, they are given as fixed
orders. This type is applied in the case of build-to-order
manufacturing. However, according to the productive
capacity of used resources, given production order may be
duplicated in several operations or merged with the other
production orders. In the second type, at first they are
temporarily given, and they may be modified. The total
amounts of products which should be produced are given,
and through the production scheduling work they are
duplicated in the actual production orders. In addition, there
is a case that according to used resources and/or
production time zone, processing time is changed a little bit.
The following functions for time expanding or contracting
activities under the constraints for operations are necessary
for the production scheduling work.

« processing time modification of operation
« duplication of operation / mergence of operations

« processing time modification of operation in connection
with production amount information

2.4 Operation duplication

In the production scheduling work, there are many cases
that the same operations or operation chains are used
repeatedly to make the same product using the same
procedure or the similar product using the similar

procedure. As well as the use of such a simple way, there is
a case to use a collection of many operations repeatedly as
a production pattern. The following functions for operation
duplication activities under the constraints for operations
are necessary for the production scheduling work.

« copying and allocation of operations

« registration and ailocation of operations

2.5 Operation generation with stock predictions

When the production orders that should be produced are
not given explicitly, production orders must be generated
according to the stock levels of raw materials, intermediate
products or final products. Operations and operation chains
for such orders must be generated. The following functions
for operation generation activities with stock predictions
information are necessary for the production scheduling
work.

« setting material, intermediate product or product names
and quantities

3 GANTT CHART INTERFACE SYSTEM

Gantt Chart Interface System is implemented as JAVA
applet. The appearance of Gantt Chart Interface System
is shown in Figure2, and it is divided into two panes. The
upper pane is used to show the Gantt chart, and the lower
pane is used to show attributes of operations. In the Gantt
chart pane, a vertical axis shows resources, and a
horizontal axis shows time, and basic manipulations are
performed with using a mouse.

In the operation attributes list pane, attributes of operations
using a certain resource or operations selected on the Gantt
chart pane are displayed. When manipulation is performed
on the Gantt chart pane, the information in the operation
attributes list pane is updated. In addition, manipulations on
the operation attributes list pane updates contents of the
Gantt chart pane.

Figure 2: Gantt Chart Interface System

In this chapter, basic manipulation functions prepared on
Gantt Chart Interface System are explained. Basic
manipulation functions make users possible to emulate
manipulations to make a schedule on paper and the support
functions that can be realized on a computer are included.
The sequence of basic manipulations is accumulated in a
log file, and for the analysis of the production scheduling
work it can be used.

3.4 Operation Generating / Copying / Deleting

in the Gantt chart (vertical axis: resources, horizontal axis:
time), operations can be generated arbitrary for any
resource and any time interval, and generated operations
can be deleted or copied. The attributes of an operation are



a product, production quantity, used raw materials, quantity
of them, and so on. These attributes are set through the
production scheduling work if necessary.

3.2 Grouping

Plural operations can be defined as a group of operations to
be able to perform basic manipulation functions for plural
operations at the same time. Cancellation of grouping of
operations can be also performed. It is allowed to include
one operation in plural different groups.

3.3 Time moving for operation

Operations and/or groups are able to be moved by a mouse
drug manipulation. When a block point is specified, a
moving point can be moved to the block point. Block point
means the bordered time of the other operation set
beforehand. Bordered time means the start time or the end
time of the processing time interval of the operation. Moving
point means a bordered time of the target operation
specified with a mouse pressed point. In a case of moving
to an arbitrary point, it isn't necessary to specify such a
block point. For the time moving activity of a group of
operations, operations in a group except operation specified
by the moving point are moved the same time as that
operation specified by the moving point is moved.

3.4 Resource changing for task

For tasks using the same resource, it can be changed to the
other resource.

3.5 Time expanding or contracting for operation

For operations, processing terms can be adjusted. Same as
the time moving activity, it can be adjusted by using a block
point. For the processing term adjustment activity of a group
of operations, operations in a group except operation
specified by the moving point are adjusted the same ratio
as that operation specified by the moving point is expanded
or contracted.

3.6 Combination / division of operations

Operations using the same resource can be combined as
one operation. In addition, operations can be divided.
Divided operations can be coordinated the ratio in time by
changing a boundary that will be described in the next
section.

3.7 Boundary change between operations

If plural operations use the same resources and the border
time of these is the same, the border time of these
operations specified by the bordered time is changed at the
same time. Bordered time means the start time or the end
time of the processing time interval of the operation. For the
boundary change of a group of operations, operations in a
group except operation specified by the bordered time are
adjusted the same shrinkage ratio as the operation
specified by the bordered time is changed.

4 EVALUATION

To evaluate Gantt Chart interface System, the following
target production process is used.

4.1 A target process

A pseudo production process of lipsticks is used as an
example. This process has five process stages (weighting,
mixing, filling, assembling, and packing) in series. There are
plural filling facilities and assembling lines. There are some
products which - can be produced, and production
procedures for them are the aimost same. However the
operation processing time is different depending on a
characteristic of each product and the priority of choice of
filling facilities is different depending on it, too. Filling is a
bottleneck process stage in this example, and the
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production scheduling work is started from considering the
schedule for filling operations. It is important to coordinate a
schedule of workers for assembling lines. It is necessary to
change a schedule of filling operations when the allocation
of assembling operations doesn't go well. After these
operations are scheduled, the other operations should be
scheduled with satisfying the constraints which restrict the
usage of resources.

For the daily production scheduling work, a production
schedule for the next day is made on the day before. If
there are operations of work in hand (these are down
stream (assembling and packing) operations) for the day
before, these operations should be adjusted. If there are
prior operations (these are upper stream (weighting and
mixing) operations) for the day after next, these operations
should be served as scheduling target operations. Ordered
products and their quantities have been already given, and
operations which are needed to make these products are
unfolded. It is discretion left for production scheduling
operators only to decide a ordering of these operations

Filling1

Filling2

Filling3

Figure 3: Pseudo production process

The daily production scheduling is performed according to
the following steps.

(1) According to the schedule information on that day
which was scheduled on the day before and resuits
information on that day, the schedule information for
operations of work in hand (the down stream operates
mainly) on the next day should be revised with the
predicted information.

Figure 4: Initial schedule information

(2) A schedule of filling facilities is decided depending on
operation chains of ordered products of the next day. In
addition, depending on operation chains of ordered
products of the day after next, a schedule of prior
operations of the day after next is decided temporarily.
Next a schedule of assembling operations is decided
according to a schedule of filling operations. When the
inconsistency occurs in the schedule of assembling line
operations, the schedule of filling operations should be
revised. This step (2) is repeated until consistency is
satisfied.



Figure 5: Schedule information for bottleneck facilities

(3) According to the schedule of filling and assembling
operations, a schedule of the down stream and upper
stream operations is decided. When the inconsistency
occurs in the schedule of the whole operations, (2) and
(3) is repeated until consistency is satisfied.

R

Figure 6: final schedule information

4.2 Evaluation of scheduling manipulation

The following advantages to use Gantt Chart Interface
System have been confirmed.

(1) It is not necessary to input master information like the
current production scheduling systems. The following
advantages are offered hereby. At first this system can
be used even if master information isn't got ready. Next,
a schedule can be adjusted freely because this system
is not according to master information at all. On the
other hand, a schedule should be revised under the
responsibility of the scheduling operators because this
system doesn’t prepare the master information for
recipes.

(2) Because scheduling procedure is free, various kinds of
production processes can be applied to. Therefore initial
investment to implement a scheduling procedure and a
maintenance investment for changes of a procedure
become needless. In addition, it obstructs flexibility for
the production scheduling work to implement a fixed
scheduling procedure. Therefore it is necessary to
implement the scheduling system which can support
every possibility, and such a system may become a

complicated system. However, Gantt Chart Interface
System supports flexibly for the situation such as
addition of rapid orders, malfunction of facilities,
estrangement with a schedule and the results, and so
on.

(3) The production scheduling work that uses schedule
patterns is possible. If products and their quantities of
the already executed schedule in the past have some
resemblance, the schedule information of this day can
be used, and a schedule can be made by a few
revisions.

(4) In Gantt Chart Interface System, it is not necessary for
the relation information between operations (for
example, a context of operations, a flow relationship of
raw materials and products and so on) to be defined.
Therefore operation groups are used for time moving,
time expanding or contracting, combination of plural
operations and division into plural operations. It is
different from the approach of the current production
scheduling system based on the master information for
recipes, and this feature has reduced the efforts to
define the information that is not used for scheduling
and it has also reduced load in maintenance.

5 CONCLUSION

Gantt Chart Interface System which emulates
manipuiation on a paper, and extracts user's operation
histories has been developed, and in this paper, the
functions of this system have been introduced. A model for
expressing a scheduling problem and basic functions for
manipulating it have been proposed. An overview of
prototype system has been shown next. Finally the
prototype system has been applied for a sample production
process, and the effectiveness of this system has been
evaluated.

Gantt Chart Interface System will be applied to the
various kinds of processes, and expansion of the basic
manipulation functions and learning mechanism based on
manipulation history data is going to be investigated in
future.
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With the high speed innovation of information technology, many production scheduling systems have been

developed. However, a lot of customization according to individual production environment is required, and then

a large amount of investment for development and maintenance is indispensable. Therefore now the direction to

construct scheduling systems should be changed. The final objective of this research aims at developing a system

which is built by itself, extracting the scheduling technique automatically through everyday scheduling work, so

that investment will be decreased. To develop such a production scheduling system, this paper shows the gantt

chart system for analysis how a production schedule is made by a production scheduling operator.
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Master Information Extraction Mechanism for Production
Scheduling System

Hai Xue*, XueRui Zhang*, Yasuhiro Shimizu*, Shigeru Fujimura*

With the high speed innovation of information technology, many production scheduling systems
have been developed. However, a lot of customization according to individual production
environment is required, and then a large investment for development and maintenance is
indispensable. Therefore now the direction to construct scheduling systems should be changed.
The final objective of this research aims at developing a system which is built by it extracting the
scheduling technique automatically through the daily production scheduling work, so that an
investment will be decreased. To develop such a production scheduling system, this paper shows a
prototype of Gantt Chart Interface System that emulates the production scheduling work on a
paper. First, how a production schedule is made by production scheduling operators is analyzed.
Through the analysis of operator’s operations, this paper proposes how to extract the master
information that is required by production scheduling. This extraction mechanism should be
applied for various production processes for the interoperability. Using the master information
extracted by the system, the Production scheduling operators can be supported to accelerate the
production scheduling work easily and accurately without any restriction of scheduling operations.
By installing this extraction mechanism, it is easy to introduce scheduling system without a lot of
expense for customization. In this paper, a model for expressing a scheduling problem is proposed,
and the extraction mechanism of the master information and operator support functions are also
proposed. An overview of the prototype system is shown. Finally the prototype system is applied
for a sample production process, and the effectiveness of this system is evaluated.

Keywords: Production scheduling, Gantt chart, Production management, Operation scheduling,

Master Information.

1. Introduction

In recent years, with the requirements for high-mix low-
volume production, manufacturing styles and facilities have
been changed. So, a production scheduling system must be
developed for each production plant individually, and it can
not be developed as a general-purpose system that can be
used by different production plants. And when the condition
of the production site is changed or the new products are
put into production, the correspondent production
scheduling system also must be modified. Even if high
investments are taken to develop such a system at first, high
maintenance investments for it might be needed
furthermore.

*  Graduate School of Information, Production and Systems,
Waseda Univerity, Japan. (xuehai@toki.waseda.jp)

Using such developing technique, it is difficult to follow
the rapidly changing situation of plants. So, the new
generation of system is needed. The new system should
have such features as the master data and scheduling logical
for each plant may not be installed individually at the first
step to use, the useful information for the future scheduling
manipulation will be extracted through the scheduling
manipulation by a scheduler, and it can be used as general-
purpose. For this target, firstly, to analyze and simulate the
production scheduling manipulation that usually done on
paper, the Gantt Chart Interface System is developed and
effectiveness is evaluated under simulation type tests using
several kinds of virtual processes. [1]

This paper proposes the framework of the self-
construction scheduling system that can extract the useful
information for the future manipulation through the
common manipulations of a scheduler in the scheduling
process. The new concept for self-construction scheduling
system and several assistant functions for a scheduler to
simplify the scheduling manipulations will be shown. In



chapter 2, the Gantt Chart Interface System without
assistant mechanisms is introduced, in chapter 3, the
guidelines to develop such assistant functions for the new
system are proposed, and in chapter 4, some assistant
functions developed according to the guidelines are
explained.

2. Gantt Chart Interface System

The scheduling manipulation is the work that decides
the production operations that will be done with which
resources and at what time. The production operation is the
production of activity using some resources. These
resources mean the facility or worker in plant.

Gantt Chart Interface System is used to simulate the
scheduling process that usually done on paper. The
appearance of Gantt Chart Interface System is shown as
Figurel. It includes two panes. The upper one is used to
show the Gantt Chart and the lower one is used to show
attributes of operations. In the Gantt Chart pane, the vertical
axis shows resources, and the horizontal axis shows time
and basic manipulations are performed by using a mouse.
In the attribute pane, the detail information of selected
operations is shown. The scheduling manipulation log can
be saved by the system, and used to analyze the behavior of
scheduling manipulation. [2]

" ¥rods)

Fig. 1 Gantt Chart System

The basic manipulations of using Gantt Chart System
are as following:

(1) Creating, copying, and deleting operation

In the Gantt Chart System, the operation can be created
arbitrarily with any resource and at any time point. Any
basic manipulation about operation, just like copying and
deleting, can be easily done.

(2) Grouping

Grouping function can permanently organize a diversity
of operations to one unit as manipulated object as same as
an operation unit until the group is cancelled. Using group
unit as manipulated object, many iterative manipulations

can be avoided when some repeated manipulations are
performed to these plural operations.

(3) Moving an operation or an operation group on the
time axis

The operation unit and the group unit can be moved to
arbitrary time coordinate on the time axis by mouse
dragging.

(4) Moving an operation or operations on the resource
axis

An operation unit or some operation units that are
allocated with the same resource can be moved to the other
resource without changing the time coordinate.

(5) Changing the operation time width of an operation
or an operation group

The manipulations expanding and shrinking the time
width of operation can be performed by dragging the
operation bar boundary on Gantt Chart pane. If the
manipulated object is operation group, the time width of the
operations in the group is calculated by the system from the
expending or shrinking time ratio of the indicated
operation.

3. Definition for the self-construction scheduling
system and the guidelines to develop assistant
functions

In this chapter the guidelines for the development of
assistant functions for the new system are proposed.
3.1 Self-construction scheduling system

Through the scheduling process, the system itself can
extract the information that is useful to help the scheduler
to simplify future scheduling manipulations by assistant
functions.
3.2 Information needed to be extracted

(1) Static information—used as the constrained
conditions or the priority conditions in the scheduling
process

The static information can be material, BOM, yield rate,
production capacity of the resource, relationship between
operations, available resources for the production operation,
production operation setup time, unavailable time of
resource, load capacity, inventory capacity and so on.

(2) Dynamic information—set up in scheduling process

The dynamic information can be the manipulations of
creating or deleting operation, changing the operation
attribute, changing the order of operations and the starting
time of operations and so on.

3.3 Guideline description
3.3.1 Learnable

The system can accumulate the generalized information
extracted from the repetition of similar scheduling



manipulations (main object of extraction is the static
information).

The system can accumulate the desired and intended
scheduling manipulation information (main object of
extraction is the dynamic information).

3.3.2 Practical

The system can utilize the information to automatically
set actions by assistant functions.

The system can utilize the information to give to the
scheduler some indications.

3.3.3 Free

The result automatically set by assistant functions can
be corrected and cancelled by a scheduler.

The system cannot limit the scheduler manipulations
even if the manipulations disobey the information.

3.3.4 Discarding

The system can discard the unutilized information.

The system can discard the information in which the
automatic setting action is based on. This automatic setting
action is that action that is corrected or cancelled through
manual manipulations.

4. Examples of master information extraction and
assistant functions that follow the guidelines

4.1 Production capacity

The production capacity of resource is the ratio of
operation quantity to operation time width.

PRODUCTION CAPACITY =
OPERATION QUANTITY / OPERATION TIME WIDTH

The adjustment will be frequently done when the
scheduler sets up the schedule and in usual situation the
resource can execute certain quantity of production
operation in unit time. If either operation quantity or time
width is changed, the other one should also be changed at
the same time. The system should extract the corresponding
capacity of the resource for different operations through the
modifying manipulations about operation quantity and time
width, and use it to automatically modify the other one of
operation quantity or time width when one of them is
changed.

4.1.1 Extraction and utilization of production capacity
To avoid covering the saved ratio value caused by
mistaken manipulations, the system saves the ratio which is
extracted from quantity modification or time width
modification as different values, named as QUANTITY
RATIO and TIME RATIO, respectively. Using this
mechanism, the system can assure that the saved ratio
cannot be influenced by continuous modifying
manipulations that focus on one operation attribute. When
the scheduler performs the modifying manipulations about

the operation quantity or time width, the system will save
the new ratio as the temporary ratio of QUANTITY RATIO
or TIME RATIO. If it is equal to any previously saved ratio,
it should be saved as production capacity.

After the system has extracted the production capacity
information, the assistant function can automatically set
either the operation quantity or time width when one of
them is modified. If the scheduler does not agree with the
result of the automatic settings, he can change it manually
and then the system will discard the current used production
capacity here.

4.1.2 Algorithm to set the operation quantity and time
width

When the scheduler modifies the operation quantity or
time width, the system will act according to the following
procedures:

If the production capacity is not saved in the system, it
will compare the new ratio of quantity to time width with
the temporary ratio. If new ratio is equal to temporary ratio,
the new ratio will be saved as production capacity.

If the modified object is the value set by the system, the
system discards the current used production capacity at this
point; otherwise the system adjusts operation time width
and quantity.

The meanings of the notations in the Fig.2 :

Q : the productionquantity

T : the production time width

ratio : the production capacity

ratio_Q : the ratio of operation quantity to time width
that is extracted when the operation quantity is modified
ratio T : the ratio of operation quantity to time width
that is extracted when the operation time width is
modified

auto_Q : the operation quantity automatically set by
the system

auto_T : the operation quantity automatically set by the
system
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Fig. 2 Algorithm to set the operation quantity and time
width

4.2 Available resources for a certain operation

At a plant, there are some resources, such as facilities or
workers, which can execute the same production
operations. In this paper, they are called available
resources.

In scheduling process, the scheduler maybe allocates
the alternative resource to the operation. Then, the
scheduler should choose the most suitable resource from all
available rtesources. Beyond it, the different resources
maybe have different capacity, so the moved operation with
certain quantity should be modified with respect to time
width. The system should extract the available resources
and use them to support the assistant functions. These
assistant functions can automatically set the time width of
the operation after it has been moved to others resources
and give some indications when a scheduler wants to
allocate alternative resource to the operation.

4.2.1 The extraction and utilization of the available reso
urces
The system will record all the used resources in the
scheduling process for the operation as available resources.
According to the production capacity of available
resource, the system will adjust the operation time width
when it is moved between available resources.

4.2.2 Algorithm to set the time width

When the scheduler wants to allocate the alternative
resource to the operation, the system will indicate the
available resources of the operation. And if the scheduler
has moved the operation to another resource, the system
will judge whether it is in the available resource list. If it is
not included, the system will add it to the list; otherwise if
the system holds the production capacity of the resource,
the system will adjust the time width according to the
capacity and operation quantity.
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Fig. 3 Algorithm to set the time width for alternative
resource

4.3 Relationship between operations

The information of the relationship between operations
includes the order of operations and the delay between
operations.

In production process, there are some relationships
between operations. When the modifying manipulations to
operations are performed in scheduling process, it always
generates the situation in which the order or delay of
operations conflict with the relationship of some operations.
Then the adjustment about the time axis coordinate of these
operations is needed. The system should extract the



relationship of operations and use it to automatically adjust
the time coordinate of operations.

4.3.1 Extraction and utilization of relationship of
operations

The scheduler always performs some manipulations
about the time coordinate of operations, and then the
system can save the direct connection information between
operations. It is the base of automatic adjustment. When the
scheduler manually adjusts the automatically set result, the
system will modify the saved relationship according to the
information extracted from these manipulations. If the new
relationship conflicts with older relationships, the system
should reduce the strength of older relationships or delete
the relationship that will not be used anymore by the
scheduler.

Using the relationship information, the system can
calculate the appropriate time coordinate for operations,
and automatically move operation to there.

4.3.2 Algorithm using relationship between operations
to adjust the time coordinates of operations

When some selected operations need to be
automatically adjusted, these operations will be put into the
array named unmoved array. And the operation chose as
original operation of adjustment is put into the array named
moved array at first. The steps for adjusting the time
coordinate of every selected operation are introduced as
following:

(1)Through the relationship of latest moved operation in
moved array, find out all operations holding relationship
with it and move them to the array named waiting array.

(2)Decide the priority of operations in the waiting array
according to next algorithm; then move the operation with
highest priority to appropriate time coordinate on Gantt
Chart pane and put it into the moved array.

(3)Repeat step 1 and 2 until all operations are put into
the moved array.

The steps for judgment the priority of operations in the
waiting array are introduced as following:

(1At first, consider the strength of relationship and the
stronger one get the higher priority. If the priorities are
equal, go to step 2.

(2)If the operation and the former operation which takes
it into the waiting array are in the same group, it has higher
priority than the operation that are not in the same group
with former operation. If the priorities are equal, go to step
3.

(3)Compare the distance between the operation and
original operation, the shorter one has the higher priority.
Otherwise, they have the same priority.

i what

¥
ot ol pe acied apaations Inty
the wnmoved array
put the crlgingl operatioor o
e mowved arrsy,

4 5 ¥ A % A
- :
"
2
} "
s o,
e

e

o x“‘w
s thars o
~ operafion thathgee ™ o
the redationship whit -t
., the iatest moved
o, AP EHONT

@"% o S

P, al
f Yo

ol them o
the walting seay

'

cornpare with ogeraliovns in
e waling arvay and
ararge themwith g
appropdiate order
|
v
and 1 ot distanee
inday of vy operation
i theowalling arvey
& W
v
move e LoBmion
noiding Mghest griorty
i T walting armay io
the approgriste five
soordingte ard pad it
e the moved aray

§>

s,

~e the waltng . No

P —————)

e, BOEES AMT e

s

l”%z&

Ly
f‘s /

Fig. 4 Algorithm useing relationship between operations
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5. Conclusion

In this paper, a new system that can extract the useful
information for the future manipulations through the
common manipulations of a scheduler in the scheduling
process is proposed. For developing the new system, the
guidelines to develop such assistant functions for the new
system and the examples of assistant function are
explained.
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