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.and an” Apparatus for Planning a Production Schedul e “gkgmgf gﬁE
| NVENTI ON AND RELATED ART STATEMENT 1. FIELD OF THE | NVE 964

The invention relates to a method of planning a productlorw&hedul e which
can cope with a change in order
~1~
TITLE OF THE INVENTION
Method of Planning a Production Schedule and an

Apparatus for Planning a Production Schedule

FIELD OF THE INVENTION AND RELATED ART STATEMENT
1. FIELD OF THE INVENTION

The invention relates to a method of planning a
production schedule which can cope with a change in order
(order information) in the manufacturing industry, and
particularly to a method of planning a production schedule
which is effective in planning of a schedule of a
production having a complex operating process such as
machining, and én apparatus for planning a production

schedule which automatically executes the method.

2. DESCRIPTION OF THE RELATED ART

In order to respond to recent requests of
multikind, small guantity, and short-term delivery in the
manufacturing industry and also to efficiently perform
production, various methods of planning a production
schedule by using mainly a computer have been developed.
Such methods can fapidly plan a production schedule which
is substantially optimum, by using the OR (Operations
Research) technigque, the knowledge engineering, or
simulation techniques, and are effectively used in

assembly processes such as those of mounting and
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et hod of planning a production schedule which is effective in planning of
a schedul e of a production having a conpl ex operating process such as
machi ni ng, and an apparatus for planning a production schedul e which
automatical ly executes the nethod. 2. DESCRI PTI ON OF THE RELATED ART

In order to respond to recent requests of =Rmltikind, small quantity, and
short-termdelivery in the mnufacturing |ndustr§oand also to efficiently

perform product3¥FEmiidngo@deptrant’ AMRANENS)§nEC b ceintesh circuit

board.

Generally, operating processes such as a
machining process in the manufacturing industry have a
larger number of operating steps than assembly processes
such as that described above, and involve various kinds of
operations (engineering methods). 1In such fields of the
manufacturing industry, it is often that operations such
as those of switching the identification of the product to
another one require a long operating time period in the
unit of days. In planning of a production schedule,
therefore, reduction of the number of processes of
switching product identifications is an important factor
for improving the production efficiency.

In fields of the manufacturing industry having
operating processes, generally, the production lead time
which is a pericd from reception of raw materials to
completion of a product must be long. When production is
started after an order is received, therefore, the periocd
required for completing the product is prolonged. To
comply with this, in such fields of the manufacturing
industry, a so-called prospective production which is
started before an order is received is conducted. In the
grospective production, production processes are executed
on the basis of an uncertain order, and, when an order

change occurs, the production processes must be changed as
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rapidly plan a production schedule which is substantially optimm by

using the OR (Operations Research) technique, the know edge engi neering,

or simulation techniques, and are effectively used in assenbly processes
such as those of nmounting and -2- assenbling electronic
conponents onto a printed circuit -3

required at a minimum degree so as to cope with the order
change.

Consequently, it has been requested to develop a
method capable of rapidly planing a production schedule
which can cope with an order change by a change of a
minimum degree, thereby preventing the production
efficiency from being lowered. However, a method of
planning a production schedule which can satisfy such a
request has not been proposed.

In the prior art, the following two methods are
known as usual methods of planning a production schedule
which can cope with an order change.

In the first conventional method, a large stock
is secured so as to absorb an order change. However, the
first method has a problem in that the excessive stock
causes large losses in management.

In the second conventional method, a production
schedule is replanned from the beginning. In the second
methed, however, the schedule is largely changed and hence
the operation site is confuséd. thereby producing a
problem in productivity. The second method has also a
problem in production efficiency.

In ordexr to cope with an order change,
therefore, it has bean requested to develop a method of
planning a production schedule which can reflect the

variations in the schedule while fcllowing the previously
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operating processes such as a machi’
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process in the nanufacturlng I ndustry have a |arger nunber of operatlng
steps than assenbly processes such as that described above, and invol ve
operations (engineering nmethods). In such fields of the
manuf acturing industry, it is often that operations such as those of

vari ous ki nds of

swtching the identification of the product4
operating time period in the wunit of days. Tn plannlng of a production
t her ef

schedul e,

anot her one require a |l ong

f th unb tchi
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production efficiency.

In operating processes, it is often that steps

such as part or component processing steps are complicated

such that various kinds of operations (engineering
methods) are conducted. For example, parts which are
designated by the same identification of the product in

the charging step are designated by different

identifications (namely, the identification of the product

is changed) in steps subsequent to a certain step in
accordance with the kinds of completed products.
Depending on the kind of the operation, the optimum lot
size and the yield may be different. Therefore, it is
necessary to efficiently cope with an order change in
consideration of such circumstances {or conditions).

The OR technique and the knowledge engineering
technigque, in which, when an order change occurs, a
production schedule is replanned from the beginning and
optimum operations are selected have a problem in high-
speed planning of a production schedule.

By contrast, simulation techniques in which a
production schedule is planned by simulating production
steps of a product is suitable for high-speed planning of
a production schedule. In this case, however, the number
of processes of switching part or product identifications
is increased and hence the operating time period for the

switching processes is prolonged, with the fesult that it
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the production lead tinme which is a period fromreception of

conpleting the product is prolonged. To conply with this, in such fiel
of the manufacturing industry, a so-calledSprospective production which is
started before an order is received is conducted. In the prospective

pr odig tdifificndSetoecplan ca cpraduatdonogchedulR 9t Hhigh uncertain

producti on,

order,

and, when an_ order change occurs, the production processes mnust
changed as

production efficiency.
OBJECT AND SUMMARY OF THE INVENTION

It is an object of the invention to provide a
method of planning a production schedule which can solve
the problems of the prior art and rapidly plan a
production schedule of operating processes which can
easily cope with an order change while ensuring a high
production efficiency, and an apparatus for planning a
production schedule which executes the method.

In order to attain the object, the method of
planning a production schedule of the invention comprises:

‘ an operating data storing step of, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
the processing factory:

a completed product stock allocating step of
allocating order information tc completed product stock
information, and determining an order which is to be
subjected to production (hereinafter, such an order is
referred to as "order to be produced"):

a production schedule allocating step of
integrating an order among orders toc be produced, the

order being included in a previous production schedule
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Consequent |y,

pl ani ng a production schedul e

whi ch can cope with an order change by a
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required af a mninmum-degree so as to cO the order change.
It has been requested to develop a nethod capable of rapidly

change of a mnimum degree, thereby preventing the production efficiency

from being | owered. However, a nethod of

-6~
planned before an order change, into a new production
schedule as a production-scheduled order;

a production schedule deleting step of deleting
a production schedule of the previous production schedule
planned before the order change, this production schedule
not including the orders to be produced; and

an operation request information preparing step

of determining a production order from the orders to be

produced, the production order being to be again subjected

to planning of the new production schedule,

the operation request information preparing step

comprising:

an operation developing step of preparing
operation request information for determining a sequence
of operations tc be executed, from operation pattern
information for producing a precduct for each production
order, and obtaining the operation request information
consisting of at least one operation pattern;

an operation unit production quantity'
calculating step of allocating operation request
information for each production order to an intermediate
stock, and obtaining a quantity which is to be actually
produced, for each operation; and

an operation unit charge quantity calculating
step of obtaining a quantity to be charged, on the basis

of non-defective product xrate information of each
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In the prior art, the followi ng two nethods are

nmet hods of planning a production schedule which can cope
In the first conventional nethod, a |arge

stock is secured so as to absorb an order change. However, the first

met hod has a problemin that the excessive_stock causes large |osses in

managenent .
schedule is rep%&g&g@- fpom the beginning. In the second nethod, however,
argeﬁy changed and hence the operation site is confused,

t he schedule is
t hereby producing a

In the second conventional nethod, a production

The apparatus for planning a production schedule
of the invention comprises:

operating data storing means for, in order to
plan a producticn schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
the processing factory;

completed éroduct stock allocating means for
allocating order information to completed product stock
information, and determining.an order to be produced;

production schedule allocating means for
integrating an order among orders to be produced, the
order being included in a previous production schedule
planned before an order change, into a new production
schedule as a production-scheduled order;

production schedule deleting means for deleting
a production schedule of the previous proaduction schedule
planned before the order change, this previous production
schedule not including the orders to be produced:; and

operation request information preparing means
for determining a production order from the orders to be
produced, the production order being to be again subjected
to planning of a production schedule,
the operation reguest information preparing

means comprising:
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production efficiency. In order to cope with an order change,
therefore, it has been requested to develop a nethod of planning a
production schedul e which can reflect the variations in the schedule while
foll owi ng the previously pl anned production schedule as far as
possi bl e. -8-

operation developing means for preparing
operation request information for detexrmining a sequence
of operations to be executed, from operation pattern
information for producing a product for each production
order, and obtaining the operation regquest information
consigting of at least one operation pattern:

operation unit production quantity calculating
means for allocating operation request information for
each production order to an intermediate stock, and
obtaining a quantity which is to be actually produced, for
each operation; and

operation unit charge quantity calcﬁlating means
for obtaining a guantity to be charged, on the basis of
non-defective product rate information of each operation.

The method of planning a production schedule and
the apparatus for planning a production schedule of the
present invention have a production order preparing step
of preparing a production order in accordance with the
order information, the completed product stock
information, and the previous production schedule planned
before an order change. In the step, the completed
product stock is allocated to the order information.
Thereafter, an allocation process is conducted on the
remaining order information in accordance with the
production schedule which is planned previously (before

the order change) and in consideration of information such
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processing steps are conplicated such that various kinds of operations
(engi neering nethods) are conducted. For exanple, parts which are
designated by the same identification of the product in the charging step
are designated by different identifications (nanely, the identification of
the product s changed) in steps subsequeh?‘to a certain step in

accordance with the _kinds of conpleted products. Depending on the kind of

the operation, taf % ProArFS: 1dentifigaticRe Fhe quantite @ncr &hent.

Ther efore, Tt 1 9,6/196855 kel © FLET S I La"BBERVbL oA b UY! 45"3085 L0

it is in the current production schedule. At the timing
when the previous production schedule is planned, there
are correspondence relationships between production orders
and respective data of the production schedule. In the
current production schedule after the order change, the
allocation process is conducted in disregard of the
correspondence relationships. As a result of the
allocation process, the portion of the previous production
schedule planned before the order change which can be
allocated in the current production schedule after the
order change, and production orders corresponding to the
portion remain as they are. The other portion of the
previous production schedule is deleted. With respect to
the portion of the order information to which nothing is
allocated, new production orders are additionally
prepared. When the production schedule is planned in this
way, the previously prepared production schedule can be
used as a portion of the new production schedule, and
hence the production schedule can cope with the order
change by conducting a change of a small degrse on the
schedule.

The method of planning a production schedule of
the present invention plans automatically and eff;ciently

a production schedule which can fulfill a production order

This Sheet Has Been Replaced -

LU




- T RECEIVED 11/26 17 32 1996 AT 5330694 PAGE (FRINIED FRLE 177 J
consi er %ﬁ ggr‘}ao]fg C%REEI%NrAgLErI#Bt ances F 8¥ HcI:%A%IM{\ IosrflII )P Rﬁ?é CRP' /48
techni que and the know edge engineering technique, in which, when an order
change occurs, a production schedule is replanned fromthe begi nning and
optimum operations are selected have a problemin high- speed planning of

a production schedul e. By contrast, sinulation techniques in
which a production schedule is planned bylﬂ'nulatlng production steps of

a product is suitable for h-speed pl anning of a production schedule. In
this case, howeR¥ a t“ﬁéuﬂui?bgﬁvegfoﬁ)m%@é’é%f agHEYERT ng Jsartheomesheduct

identifications is |ncrﬁased and hence the o erat% g}tlne erlod for the
#

swi t chi ng pr oces¥bPReFakignreavest; infagmatioa pre ng (process

(operation developing step) in which operation reguest
information in the unit of an operation is developed and
prepared on the basis of the production order is provided
with information of an intermediate stock in the unit of
operation of each product, and yield information.
According to the method of planning a production
schedule of the present invention, an operation unit
production quantity calculating step in which an
intermediate stock is allocated to individual developed
operation request information and the production quantity
is calculated, and an operation unit charge gquantity
calculating step in which the quantity to be charged is
calculated with conslidering the yield in the guantity
which is to be actually produced are executed. The
intermediate stock in the unit of operation of each
product means the stock of parts or raw materials which is
obtained when the operation is ended under the state where
the product can be completed by executing all the
remaining operations. In this way, the intermediate stock
and the yield are determined in accordance with a
combination of a product identification and an operation.
Therefore, it is not always necessary to determine an
extra intermediate product identification. Accordingly,

the method of planning a production schedule of the
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efficiency. CBJECT AND SUMMARY OF THE | NVENTI ON It is an
object of the invention to provide a nethod of planning a production
schedul e which can solve the problens of the prior art and rapidly plan a

-11-

present invention can deal these kinds of information in a3
unified manner, and can easily plan a production schedule
in which production is conducted at a minimum level in
consideration of the intermediate stock and the yield.

Accoxding to the method of planning a production
schedule of the present invention, in the case where the
target product is configured by plural parts or where
semimanufactures which are not completed as products are
divided into plural kinds of products (parts) by different
operations (engineering methods), part configuration
information indicating the set membership of the parts
{products), and operation pattern information showing the
production processes of the parts (products) in the form
of an operation pattern which is linear (i.e., production
processes in which there is no branching or joining) are
provided.

According to the method of planning a production
schedule of the present invention, an operation pattern of
the whole of the product is synthesized from these Kinds
of informaticon, and the resulting operation pattern is
subjected to an operation reguest information producing
process in which a part developing step and an operation
developing step are conducted in the same manner as the
method of planning a production schedule described above.
Accoxrding to this configuration, a product which is

produced from plurzal parts, a common member fraom which
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order change while ensuring a high production efficiency, and an apparatus
for planning a production schedul e which executes the nethod.

In order to attain the object, the nethod of planning a production
schedul e of the invention conprises: " an operating data storing
step of, in order to plan a production schiedule in a processing factory,
stori ng managenent data such as order information, stock information, and

a production schafduldye ﬂﬁd??oca o4 oxd P‘irﬂé%ﬁé%ﬁh&%ﬂ%d the

a conpl eted product stock a |ng step o
like can be easily registered, and hence the cperation

rquest information producing process can be realized by a
combination of simple processes. As a result, also for a
complex processing, it is possible to plan a production
schedule in which the intermediate stock and the yield are
considered. .

According to the method of planning a production
schedﬁle of the present invention, when a production
schedule is to be planned for operation regquest
information in the case where the operation pattern of the
production of the product contains coperations having
different optimum lot sizes, operation request information
is arranged by using the product identification, the
cperation, the date and hour when the operation can be
started (hersinafter, referred to as "operation start
enabled date and hour")}, etc. as key data, and thereafter
3 lot-size optimizing step in which an optimum lot is set
by dividing'or joining the operation reguest information
so as to attain an optimum lot size is executed,

According to the method of planning a production schedule
of the present invention, in a simulation, a simulation
step in which dispatching to the resource is conducted in
the unit of a lot and the production schedule is planned
is executed. 1In the method of planning a production

schedule of the present invention, therefore, operation
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determ ning an order which is to be subjected to production (herelnafter,
such an order is referred to as "order to be produced"); a
production schedul e allocating step of integrating an order anong orders
to be produced, the order being included in a previous production schedule

- 6- -13-
request information prepared in the operation request
information preparing processing is divided or joined in
consideration of the product identification, the
operation, the opera@ion start enabled date and hour,
etc., thereby setting lots. The quantity in each lot is
set to be a value which is close to an optimum lot. When
a production scheduie is to be planned, dispatching to the
resource is conducted.in-the unit of a lot. 1In each lot,
the operation start enabled date and hour are determined
to be equal to the latest date and hour among the
operation start enabled dates and hours of the operation
request information constituting the lot., As a result of
such setting, the method of planning a production schedule
of the present invention can plan a production schedule in
which operations are executed in the unit of an
appropriate lot in considera;ion of restricticns such as
the equipment, and the production efficiency.

While the novel features of the invention are
set forth particularly in the appended ciaims, the
invention, both as to organization and content, will be
better understood and appreciated, along with other
cgbjects and features thereof, from the following detailed

description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the
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pl anne efore "an ‘order change, into a new production schedule as a
production-schedul ed order; a production schedul e deleting step

of deleting a production schedule of the previous production schedule

pl anned before the order change, this production schedule not including
the orders to be produced; and an operation request information
preparing step of determning a producti6ﬁ46rder fromthe orders to be

produced, the production order bein% to be again sggh?cted tQ pl anni ng of
the new product CRfdgHEREIen of an apparatys fok RAGBHNGe §uBTPINAFHMat i on

Preparing step QTGS lich te o prefedledPhASAAILAC LY YRL"FrELER: ©f
invention;

FIG. 2 is a diagram schematically showing a
process which'is an object of the producticn schedule in
the embodiment of FIG. 1;

FIG. 3 is a block diagram showing a production
order preparing processing in the embodiment of FIG. 1;

F1G. 4 is a block diagram showing an operation
request information preparing processing in the embodiment
of FIG. 1;

FIG. 5 is a diagram illustrating a specific
aexample of the operation request information preparing
processing in the present invention;

FIG. 6 is a block diagram showing a simulation
processing in the embodiment of FIG. 1; and

FIG. 7 is a diagram showing the flow of the

simulation processing of FiIG. 6.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, a preferred embodiment of the
method of planning a production schedule and the apparatus
for planning a production schedule of the present
invention will be described with reference to FIGs; 1 to
7.

Referring to FIG. 1, a storage device 2 stores
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fromoperation pattern information for producing a product

for each production order, and obtaining the operation request information
consisting of at |east- one operation pattern; an operation unit production

gquantity calculating step of allocating operation request

each production order to an internedi ate -3beck, and obtaining a quanti
which is to be actually produced, for each operation; and an
operation unit basigedgtanyfty faxitoryadhdgmasaggmesit datai whhghaaxpiantity to

be charged,

on the basis

required for planning a production schedule. For example,
the basic data include operating days of the factory, an
operating time, contents of operations of machines, and
the abilities of the machines, and the management data
include order information, stock iﬁformation, and a
production schedule. The basic data and the management
data are input and corrected through an input device 1. A
central processing apparatus 3 automatically glans a
production schedule, and manages and controls the devices
as a whole. A display device 4 displays data of the
storage davice 2, a planned production schedule, etc.

The central processing apparatus 3 comprises a
production order preparing unit 3A, an operation request
information preparing unit 3B, a simulation processing
unit 3C, a central ceontrolling unit 3D, and an operating
data storing unit 3E. The prﬁduction order preparing unit
3A prepares a production order consisting of the kind of a
product which is to be actually produced, the quantity,
and others, from an order (order information).

The operation request information preparing unit
3B subjects the production order to operation-development,
and prepares operation request information in
consideration of the intermediate stock and the yield.

The operation-development means determination of operating

steps required for producing a target product. The
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of non-defeéctive product rate information of each operation

The apparatus for planning a production schedule of the invention

conpri ses: operating data storing neans for, in order to plan a

production schedule in a processing factory, storing managenent data such
as order information, stock

~16-
simulation pfocessing unit 3C incorporates operations into
the resource such as the production equipment and plans &
production schedule, on the basis of the operation request
information prepared in the operation request information
preparing unit 3B. The central controlling unit 3D
controls processings of the production order preparing
unit 3A, the operation request information preparing unit
3B, and the simulation processing unit 3C. The aperating
data storing unit 3E is disposed so as to store operating
data used in each processing and transfer data between the
units,

FIG. 2 is a diagram schématically showing the
flow of operations of a process which is an object of a
production schedule in a processing factory. As shown in
FIG. 2, a completed product is produced by way of plural
operations in the factory, and then stocked. 1In some
cases, parts of a considerably quantity are stocked
between the operations of the process, as an in-process
intermediate stock.

FIG. 3 is a block diagram showing the production
order preparing unit 3A and a portion of the operating
data storing unit 3E which are shown in FIG. 1. The
operation in the case of an order change will be described
with reference to FIG. 3.

First, order information El1 and completed

product stock information E2 which are stored in the
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f.actory; conpleted product stock allocating neans for
al locating order information to conpleted product stock information, and
determ ning an order to be produced; production schedul e

al l ocating nmeans for integrating an order anong orders to be produced, the
order being included in a previous productdyg schedul e planned before an
order change, into a new production schedule as a production-schedul ed
order; opeifatimgl dakassbesing waheBENgracssnt fes 4lidiplageda

productlon schedul e of the previous production schedule planned before the
order change, tpzpducdyiaddocptingcsecirion Al of the production order

preparing unit 3A. In the section, the completed product
stock is allocated to the order information El, and the
quantity of products which are to be actually produced is
obtained. Specifically, the quantity of products which
are to be actually produced is calculated by an expression
of "quantity in the order - quantity of stocked completed
products = quantity of products which are to be actually
produced.” The quantity of products which are to be
actually produced is sent as production order information
P to a production schedule rebrocessing section AZ2.

In the production schedule reprocessing section
A2, production schedule allocating means A21 conducts a
search operation on the production order information P so
as to check whether the information contains orders which
can be allocated to a previous production schedule E3
planned before the order change or not. If the production
order information P contains orders which are already
included in the previous production schedule E3 planned
before the order change, the production order information
is labeled as information which is already included in the
previous production schedule, and returned as a production
order E4 to the operating data storing unit 3E.

The portion of the previous production schedule

E3 planned before the order change to which the production
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tequest information preparing nmeans for determ ning a production order
fromthe orders to be produced, the production order being to be again
subjected to planning of a production schedul e, _ t he operation
request information preparing neans conpri Sing:

order infdrmation P is not allocated is deleted in
production schedule deleting means A22. The previous
production schedule E3 in which a portion has been
subjected to the deletion is returned as a portion of the
new production schedule to the operating data storing unit
3E.

In this way, the production schedule allocating
means A2l allocates the production order information P to
the previous production schedule E3 planned before the
order change, with respect to a product identification
which is included in both the information and the
schedule. In the allocation processing, conditions such
as the guantity and the delivery time are considered with
significance the degree of which depends on the sérategy
of the planning of the production schedule.

FIG. 4 is a block diagram showing the operation
request information preparing unit 3B and a portion of the
operating data storing unit 3E which are shown in FIG. 1.

Referring to FIG. 4, among the production order
information P which requires a new production schedule, a

- production order E4, part configuration information ES,
and operation pattern information E6 are transferred from
the operating data storing unit 3E to the operation
request information preparing unit 3B. In the case where
a product in the production order E4 is configured by

plural parts or the same product identification is used
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information for determ ning a sequence of operations to be executed, from
operation pattern information for producing a product for each production
order, and obtaining the operation request information consisting of at
| east one operation pattern; operation unit production quantity
calculating neans for allocating operati ed9request information for each
production order to an internediate stock, and obtaining a quantity which
is to be actual Ifprpdddberent frrodustish uppspati Bidpaint of the procegsing, on
unit charge quantity cal cul ati ng neans
part developing means Bl conducts part-development on such
a product. The part-development means determination of
the kinds, the quantity, and the arrangement timing of
parts and materials required for producing of a product
which is a production object.
In the operation request information preparing
unit 3B, thereafter, operation developing means B2
conducts operation-developnent on the production order E4
by using the operation pattern information E6 of the
operating data storing unit 3E. The operation-development
means determination of a sequence of operations in the
form of a time series which are necessary for producing
the product which is the production object.
Next, stock information E7 for each operating
step, i.e., information including the actual quantities of
parts of the in-process intermediate stock, and the
minimum stock quantity which must be always ensured is
sent from the operating data storing unit 3E to the
operation request information preparing unit 3B.
In the operation request information preparing
unit 3B, operation unit production quantity calculating
means B3 conducts allocation of the production order E4 to
the in-process intermediate stock, and calculates the

quantity which is to be produced in each operation.

Next, non-defective product rate information EB
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pr oduct

pl anni ng a production schedul e and

rate information of each operation.
t he apparatus for planning a production

schedul e of the
of preparing a production order in accordance with the order informati
the conpl eted product stock information, .2gd the previous production
schedul e pl anned before an order change. In the step, the conpleted
product stock i gsildedgatrednt ehé Sp&ifding BaeaNBLOLINg uHIY B&f &8l than
al | ocation process is conducted on the remaining order information in
accordance w t h dgeration request information preparing unit 3B. In the

The net hod of

present invention have a production order preparing st

operation request information preparing unit 3B, operation
unit charge quantity calculating means B4 calculates a
quantity to be charged in each operation. The operation
unit charge quantity calculating means B4 sets the charge
quantity and prepares operation request information E9.
The operation request information E9 is again transferred
to the operating data storing unit 3E.

FIG. 5 is a diagram illustrating an example of

the operation regquest information preparing processing

which shows the method of planning a production schedule

of the processing in the embodiment by using specific
values.

In FIG. 5, when an order of 100 products
identified by X is given, a search operation is first
conducted on the completed product stock. 1If there is no
product X in the completed p:oduct stock, the number of
the production order is set to be 100. The part
configuration information for the products X indicates
that the product X consists of two parts A and one part B.
The parts A are produced by the sequence of operations al
and a2, and the part B i1s produced by operation b.

The non-~defective product rate information of
the products X indicates that the non-defective product

rate of the part A is 1.0 (100%) and that of the part B is
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and in consideration of information such

-9- as the product identification, the quantity, and the delivery tine.
The all ocated portion of orders is used as it is in the current production
schedule. At the timng when the previous production schedule is planned,
there are correspondence rel ati onshi ps betdden production orders

0.95 (95%). In other words, the information indicates
that a defective one of the part B appears at the rate of
0.05% in the process.

The stock information for the products X
indicates that 50 products have passed through the
operation al.

As indicated in the frame designated by the
reference symbol Z in FIG. 5, 100 products X are produced
from 200 parts A and 100 parts B. In the operation al, in
consideration of the stock (50 sets), 150 sets of
components are charged and the parts A are produced in the
production number of 150. As a result, the necessary
number of or 200 sets of components for the parts A are
ensuréd. In the next operation a2, 200 sets of components
are charged and the parts A are produced in the production
number of 200 with the result that the necessary number of
or 200 parts A are produced.

By contrast, the parts B are produced in the
following manner. In the operation b, in consideration of
the non;defective product rate {(0.95), 106 sets of
components are charged and the parts B are produced in the
production number of 100. As a result, the necessary
number of or 100 sets of the parts B are ensured.

The 200 parts A and the 100 parts B which are
produced as described above are subjected to operation x

and 100 products X are produced.
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schedul e after the order change, the allocation process is conducted in
di sregard of the correspondence relationships. As a result of the

al l ocation process, the portion of the previous production schedule

pl anned before the order change which can be allocated in the current
production schedul e after the order chang and production orders
corresponding to the portion remain as tﬁ§§'are The ot her portion of the

previ ous production schedule is delefe Wth respect to, the portion of
the order information to &ﬁ?ﬁh ﬁhﬁrﬁ%ﬂ§1§§i°&|P68 BHIG AP uction orders

are add'tlonajl3§imulation processing unit 3C of the embodiment will be
described with reference to the figures. FIG. 6 is a
block'diagram showing the simulation pracessing unit 3C
and a portion of the operating data storing unit 3E which
relate to the simulation processing for planning a
production schedule, and FIG. 7 is a diagram showing the
flow of the operation in the simulation processing unit 3C
which is conducted uvp to the planning of the production
schedule.

First, the operation reguest information E9 of
the operating data storing unit 3E, and the production
order E4 relating thereto are sent to the simulation
processing unit 3C.

In the simulation processing unit 3C, a lot-size
optimizing section C2 conducts division and joining of
operation requests in'the operation regquest information
E9. In this example, amcong the operation request
information EY9, an operation reguest having a lot size
which is larger than an optimum lot size is divided, so
that the resulting lot size becomes closer to the optimum
lot size, and an operation request having a smaller lot
size is joined with another operation request which is
identical in product number and operation with the
operation requast, so that the resulting lot size becomes

closer to the optimum lot size.
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previously prepared production schedule can be used as a portion of the
new production schedul e, and hence the production schedule can cope with
the order change by conducting a change of a snmall degree on the

schedul e. The net hod of planning a production schedule of the
present invention plans automatically and ef4dd ciently a production
schedul e which can fulfill a production order

In order to determine the division and joining
of an operation reguest(s), various strategy may be
employed. In the case of joining of operation requests,
particularly, the manner of considering the operation
start enabled date and hour and the délivary time plays an
important role.

Next, the planning of the production schedule
which is based on forward simulation along the time axis
is caused to proceed by a simulation controlling section
Cl. With respect to an operation request (operation
request information) which is obtained as a result of
joining in the lot-size optimizing section C2, the
operation start enabled date and hour are set to be equal
to the latest date and hour among the respective operation
start enabled dates and hours, and the whole of the
operation is regarded as one lot and subjected to the
dispatching process at one time.

After the above-mentioned lot-size optimizing
process, the simulation processing unit 3C sets'charge
enabled dates and hours of the respective products in the
production order, by usihg a releasing rule Rl of a
scheduling rule set 3R. In the case where the charging
date of a specific product is preset, for example,
information indicative of the charging date is previocusly
lncorporated into the.releasing rule R1, and the charge

enabled date of the product is determined in accordance
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operation request information producing process (operation devel oping
step) in which operation request information in the unit of an operation

i s devel oped and prepared on the basis of the production order is provided
with information of an internmediate stock in the unit of operation of each
product, and yield information. -24ccording to the nethod of

pl anni ng a production schedule of the present invention, an operation unit
producti on quan¥With thecxekeasingseade Rlwhi ch an internediate stock is

|1 I ndi vi I vel
allocated to d dua dﬁf%éé*%%L charge enabled dates and hours of the

products in the production order are set, the simulation
procassing unit 3C operates as an event driven simulator.
Each time when an event which enables operation regquest
information to be started, such as arrival of materials
occurs, the operation reguest information is stored in an
operation start waiting lot storage section C3.

Referring to FIG. 6, an event is caused by an
event processing section C4 on the basis of information
from an occurrence waiting event storage section C5. 1In
the simulation, an event which causes a certain state is
capturad, attention is directed to the kRind of an event
which occurs at a ceitain timing, and the event is
written, thereby advancing the simulation.

Each time when an event in which possibility of
dispatching arises, such as arrival of materials, and
release of the equipment (end of production, end of
maintenance)} occurs, the control is transferred to a
dispatching processing section Cé6.

As shown in FIG. 7, the dispatching processing
section C6 fetches all of the operation request
information stored in the operation start waiting lot
storage section C3. The operation reguest information is
then subjected to preliminary selection by using a

filtering rule R2. Specific examples of the filtering
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and an operation unit charge quantity calculating step in which the
guantity to be charged is <calculated with considering the yield in the
guantity which is to be actually produced are executed. The internediate
stock in the unit of operation of each product neans the stock of parts or
raw materials which is obtained when the~.gperation is ended under the
state where the product can be conpleted by executing all the renaining
operations. In trhie RRyinéheid i @rivedsat @hstiocls dumdudtedyifl Grdée to
determ ned in accordance with a conbination of a product identification
and an operati oeliminate an operation and a lot with sufficient lead time

P, 28/48

to the delivery, or those in which the currently available
production equipment necessitates a process of switching
product or part identifications.

Next, an appropriate resource is selacted from
the currently available resources by using a routing rule
R3. Specific examples of the routing rule R3 include
various processes such as a process in which a resource
which is firstly available is selected, and that in which
a resource having the highest throughput is selected from
the currently available resources.

Among operations and lots which are
preliminarily selected by the filtering rule RZ and which
can be dispatched in the resource selected by the routing
rule R3, thereafter, che operation and one lot are-
selected by using a dispatching rule R4. The dispatching
processing section Cé then determines the schedule of the
selected operation and lot.  Specific examples of the
dispatching rule R4 include various processes such as a
process which selects an operation and a lot which can be
started at the earliest time, that which selects an
operation énd a lot of the highest production capacity,
and that which selects an operation and a lot which can
obtain a product with a high accuracy.

The information of the dispatched operation and
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Thererore, It Ways necessary to determne an extra internediate

pr oduct |dent|f|cat|on Accordlngly the nmet hod of planning a production
schedul e of the present invention can deal these kinds of

information in a wunified manner, and can easily plan a production schedul e
i n which production is conducted at a mninumlevel in consideration of
the internediate stock and the yield. -26~

lot, and that of the resource are sent to a postprocessing
rule R5, and then undergo a necessary postprocessing.
Specific examples of the postprocessing rule R5 include a
process in which the dispatched operation and lot are
forcedly incorporated immediately after an operation of a
product of the same kind, thereby suppressing the process
of switching part identifications to the minimum degree.

The simulation processing unit 3C conducts the
dispatching process as described above, and thereafter
causes the new production schedule E3 planned after the
order change, and the production order E4 labeled as
information which is already included in the production
schedule to be stored in the operating data storing unit
3E.

As seen from the above description, in the
apparatus for planning a production schedule of the
present inQention, the process portion for dispatchiang an
operation to a resource such as the production eguipment
on the basis of the operation request information is
configured so that the determination of the dispatching is
divided into:

(1) the reléasing rule which sets the date and
hour when a production order can be charged into the
operating process:;

(2) the filtering rule which preliminarily

selects (eliminates) an operation and a lot which are to
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In the case where the target product is configured by plural
sem manuf actures which are not conpleted as products are

L nventi on,

parts or wher e

divided into plural kinds of products (parts) by different operations
(engi neering nethods), part configuration _information indicating the set
menbership of the parts (products), and ofération pattern information
showi ng t he

producti on processes of the
an operation patbLeeFlFrsﬁﬁF‘Ehe‘P s"'*ﬁfhé‘é’r opeT
there is no branchlngl

ma er1 lg%re 1gggg'g§ the equipment, or the

like occurs:

(3) the routing rule which selects a rescurce to

which the operation is dispatched;

(4) the dispatching rule vwhich selects an
cperation and a lot which are to be dispatched: and

{5) the postprocessing rule which conducts an
additional processing or the like on the basis of
information of the dispatched operation and the resource,
and
these rules are independently configured as a scheduling
rule set in which each rule can be selected and
incorporated into the main unit.

In the apparatus for planning a production
schedule of the present invention configured as described
above, when a production schedule is to be pianned from
operation request information in simulation, the charge
enabled date and hour for each production order is first
set in accordance with the releasing rule. In other
words, the date and hour when charging is enabled after
the date and hour at which the processing can be started
is strategically set. The date and hour at which the
processing can be started are set on the basis of the
preparation period of raw materials, the period when the

process can be used, the delivery time, a uniform
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I on, an operation pattern of the whol e of the product is synthesized
fromthese kinds of information, and the resulting operation pattern is

part devel oping step and an operation devel oping step are conducted in t
as the nethod of planning a;ﬂ%ﬁﬂmtion schedul e descri bed

sane nmanner

above.
pl ural

According to this conflguratl

parts,

a

Qﬁ]t e like. Therefore, the
apparatus for planning a production schedule of the
present invention can cope with various requests for
processing by configuring the rules as independent
elements. Specifically, it may be contemplated that
charge enabled dates and hours are dispersed in
consideration of the locad condition of the whole of the
process, in order to shorten the in-process resideﬁce
period of each workpiece.

After the event processing cycle is started, an
operation and a lot are selected in accordance with the
filtering rule, the routing rule, and the dispatching
rule, and then dispatched. A combination of an operation
and a lot is finally determined in accordance with the
routing rule and the dispatching rule. The provision of
the filtering rule allows the preliminary selection us.ing
a simple evaluation function and the final selection (the
dispatching rule) using a precise function to be
separately provided. As a result, a high-level production
schedule can be rapidly planned.

In the method of planning a production schedule
of the present ilnvention, an operation and a lot which are
inconvenient for dispatching in the simulation, such as
those which necessitate a process of switching part
ldentifications can be positively eliminated, and releass

©of the equipment which is producing a product of the same
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easily registered, and hence the operation request information producing
process can be realized by a conbination of sinple processes. As a result,
also for a conplex processing, it is possible to plan a production
schedul e in which the internediate stock a g the yield are considered.
According to the nethod of planning-a proag fion schedule of the present

| nvention, mhen gucé éhfication is waited. After dispatching, the
postprocessing rule is applied by using the information of
the dispatching. For example, by incorporating a process
in which the dispatched operation of a product is forcedly
scheduled immediately after an operation of a product of
the same product identification, or the like, it becomes
possible to plan such a production schedule of a reduced
number of switching processes that which is difficult to
do in a temporal simulation.

As seen from the above description, according to
the method and the apparatus for planning a production
schedule of the present invention, an effective production
schedule in which the in-process intermediate stock and
the like are considered can be planned also for a complex
operating process such as machining, and an executable
production schedule which can suppress the change of the
process due to an order change to a minimum level can be
rapidly planned. Therefore, the method and the apparatus
can prevent the stock from being increased, and support an
early delivery in response to an order.

Although the present invention has been
described in terms of the presently preferred embodiments,
it is to be undexrstood that such disclosure is not to be
interpreted as limiting. Various alterations and
modifications will no doubt become apparent to those

skilled in the art td which the present invention
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where the operation pattern of the production of the product contains
operations having different optimm/lot sizes, operation request
information is arranged by using the product identi fication, the
operation, the date and hour when the operation can be started
(hereinafter, referred to as "operation st#0t enabled date and hour"),
etc. as key data, and thereafter a lot-size optimzing step in which an
~optinumlot is gertainsdi eftenghavingirtadg thkcabpes adisrlosgenst
information so as to attain an optinmum | ot size is executed. According to
the nmet hod of plagaanddngly: odbcis otntandsduithatothe happrstsshcliadmenbeon, in

a simulation, a gsinulation . .
_ interpreted as covering all alterations and modifications

as fall within the true spirit and scope of the invention.
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lot _and.the. productlon schedul e is planned is executed. In the nethod of
pl anni ng a prod ﬂ Hﬁr schedul e of the present invention, therefore,

operﬂ“‘“mmuwu - -13- request informatjon prepared in the

oper formati on preparing processing is divided or joined in
-31-

WHAT IS CLAIMED 1iS:

1. a method of planning a production schedule
comprising:

an operating data storing step of, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
said processing factory;

a completed product stock allocating step of
allocating order information to completed product stock
information, and determining an order to be produced;

a production schedule gllocating step of
integrating an order among orders to be produced, said
order being included in a previous production schedule
planned before aﬁ order change, into a new production
schedule as a production-scheduled order;

a production schedule deleting step of deleting
a production schedule of saild previous production schedule
planned before an order change, this production schedule
not including the orders to be produced; and

an operation reguest information preparing step
of determining a production order from the orders to be
produced, the production order being to be again subjected
to planning of said new production schedule,

sald operation reguest information preparing

step comprising:
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§taff“eﬁab1ed date and hour, etc., thereby setting |ots. The quantity in
eac be a value which is close to an optimum |l ot. Wien a
pr o m'g ,F%U IIS to be planned, dispatching to the resource is

conducted u nx t of alot. In each |l ot, the operation start enabled

date and hour are determned to be equal g9 _the |atest date and hour anpbng
the operation start enabled dates and hours of the operation request

information constituting theg at ) ggig*,in fste%’%]f Sl the met hod
of planning a production 3Che f%ﬁ th nven?‘ % can plan a
producti on sche%laeawon%ﬂbéap%ebmaﬁaﬁef@s%‘éﬁeaduhanbhs gédierfe an
of coperations to be executed, from operation pattern
information for producing a product for each production
order, and obtaining said operation request information
consisting of at least one operation pattern;

an operation unit production quantity
calculating step of allocating operation request
information for each production order to an intermediate
stock, and obtaining a gquantity which is to be actually
produced, for each operation; and

an operation unit charge quantity calculating
step of obfaining a gquantity to be charged, on the basils
of non-defective product rate information of each
operation.

2. A method of planning a production schedule in
accordance with claim 1, wherein said operation request
information preparing step further comprises:

a part developing step of, in a case where the
product is configured by plural parts or where a specific
intermediate part is changed to different parts or
products as a result of a subsequent processing,
developing parts of the product, thereby preparing part
configuration information.

3. A method of planning a production schedule in

accordance with claim 1, further comprising a simulation
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and.the production.efficiency. Wil e the novel features of the
invention are set forth particularly in the appended clains, the

Inveﬁ!llmmuﬂum"ﬁﬁ“m organi zation and content, will be better understood
and g wth other objects and features thereof, fromthe
follomﬁng det ai | &d description taken in egBfunction with the dramﬁngs
BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a block diagram

show ng the processing step which comprises:

a lot-size optimizing step of dividing an
operation request or joining operation requests so that an
optimum lot size is obtained in accordance with a kind of
an operation; and

a simulation step of conducting scheduling at
the optimized lot size. '

4. An apparatus for planning a production
schedule comprising:

operating data storing means for, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
said processing factory:

completed product stock allocating means for
allocating order information to completed product stock
information, and determining an order to be produced;

.production schedule allocating means for
integrating an order among orders to be produced, the
order being included in a previocus production schedule
planned before an order change, into a new production
schedule as a production-scheduled order;

production schedule deleting means for deleting
a production schedule of said previous production schedule
planned before an order change, this production schedule

not including the orders to be produced: and
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-14- “configurati on of an apparat us pl'anni ng a production schedu
“which—i-s- a preferred enbodrnent of the present invention; FIG

i agram schematically showing a process which is an object of the
g’&ﬂkﬁr le in the enbodiment of FIG 1; FIG 3 is a
W ng a production order preparing processing in the
embodi nent of FTG 1; -34-

operation request information preparing means
for determining a production order from the orders to be
produced, the production order being to be again subjected
to planning of a production schedule,
said operation request information preparing
means comprising:
operation developing means for preparing
operation request information for determining a sequence
of operations to be executed, from operation pattern
information for producing a product for each production
crder, and obtaining said operation request information
consisting of at least one operation pattern:;
operation unit production quantity calculating
means for allocating operation request information for
each production order to an intermediate stock, and
obtaining a guantity which is to be actually produced, for
each operation; and
operation unit charge quantity calculating means
for obtaining a quantity to be charged, on the basis of
nan~-defective product rate information of each operation.
5. An apparatus for planning a production
schedule in accordance with claim 4, wherein said
coperation request information preparing means further
comprises:
part developing means for, in a case where the

product is configured by plural parts or where a specific

This Sheet Has B
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FI G i'sTa b I'agr am showi ng an operation ~request information
prepaangmp[OCQSSLng_LﬂmLhe enbodi ment  of FIG 1, FIG 5is a
diagramillustrating a specific exanple of the operation request

I nf or Jlmum umm rocessing in the present invention; FI G
6is a wing a sinmulation processing in the enbodi nent of
FIG 1; and S *FIG 7 is a diagram3§howi ng the flow of the

simul ati on processing of FIG 6. DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT
Herei nafter, a pindfeemeddatebparvels afangled to different parts or

products as a result of a subsequent processing,
developing parts of the product, thereby preparing part
configuration information.

6. An apparatus for planning a production
schedule in accordance with claim 4, further comprising a
simulation processing means which comprise:

lot~size optimizing means for dividing an
operation request or joining operation reguests so that an
optimum lot size is obtained in accordance with a kind of
an operation; and

simulation means for conducting scheduling at
the optimized lot size.

- 7. An apparatus for planning a production
schedule in accordance with claim 6, wherein, in order to
dispatch a prepared operation regquest to a resource such
as production equipment in a simulation system, said
simulation means comprises a scheduling rule set having:

a releasing rule which determines charge enabled
dates and hours for the production orders:;

a filtering rule which preliminarily selects an
operation;

a routing rule which selects a resource such as
equipment;

a dispatching rule which dispatches a prepared

operation request to a selected resource; and
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producti on schedul e of the present invention will be described with

reference 1o FI G 1Ito ) Referring to FIG 1, a storage
-5- basic data of a

devi
fact mmﬂMt data which are required for pl annr ng a production
sche -36-

a postprocessing rule which, immediately after
dispatching, conducts a control on subsequent dispatching

on the basis of information of the dispatching.
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contents of operations of machines, and the abilities of the nachines, and
the managenent data 1include order information, stock information, and a
production schedule. The basic data and the managenent data are input and
corrected through an input device 1. A central processing apparatus 3
automatically plans a production schedul e, _and manages and controls the
devices as a whole. A display device 4 disﬁ?ays data of the storage

The centra

g?ggggs?ngaaBLgpggﬁs conpr ezﬁgggé%ﬁﬁﬁgtfbn or der prepar?ng unit 3A, an

operation request i nfor MebiQ A RRALE SRR ng By G eIi LT 0N, BLOgesS] Ng
the present invention has a production order preparing
unit which, in response to an order, the completed product
stock is allocated to the previous production schedule
planned before an order change, and which prepares a
production order. The production schedule which is
pPreviously planned is allocated to the production order
which has been subjected to allocation of the completed
product stock to the order, in accordance with information
such as the product identification, the quantity, and the
delivery time. The allocated portion of the previous
production schedule is used as it is in the current

production schedule.
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3E. The production order preparing unit 3A prepares a production order
consisting of the kind of a product which is to be actually produced, the
guantity, and others, froman order (order information). The
operation request information preparing unit 3B subjects the production
order to operation-devel opnent, and prepares operation request information
in consideration of the internedi ate gt ock aad the yield. The

oper ati on-devel opnent neans determ nati df ating steps required for

produci ng a target product. The 8
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resource such as the production equi pnment and plans a production schedul e,
on the basis of the operation request information prepared in the
operation request information preparing unit 3B. The central controlling
unit 3D controls processings of the production order preparing unit 3A
the operation request information preparing unit 3B, and the simulation
processing unit 3C. The operating

In-process intermediate stock

~

Process

FIG, 2

Completed product stock
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each processing and transfer data between the wunits. FIG 2 1is
a diagram schematically showing the flow of operations of a process which
is an object of a production schedule in a processing factory. As shown in
FIG 2, a conpleted product is produced by way of plural operations in the
factory, and then stocked. In sone cases, parts of a considerably quantity
are stocked between the operations of the process, as an in-process

I nt er medi at e st ock. FIG 3 is a block diagram show ng the
production order preparing unit 3A and a portion of the operating

3
™M w
e -t S K =Y
S
g %5 2
: e - 3
& EE 2 T
[ ] Lg 0 [}
aLT ]
S| 5 o £
S| 2| [BE 5 i E
b ot —— -
=] e 2_g o L
= 28 3 B
et e '8 bt
3 Sh e a
&
S
A
y
2
=1
b - y = v
et — -
S 8 3
= ce.= :g 3¢
g 2% o5 | 2§ 35
2@ o 2 - S ug
a a% 'gfé & @
y >g2>88 | sf |— 52|
= S= S.=
T 5 |22 | &8 8
o [=% E= s = "
= £° Lo == -s.g
= - S — w3 -8-5 et
g = 55| (&g | E £
t ) '8\_
p= ] L.%
g £8
a
™
1O
L
This Sheet Has Been ced

LTI



[ RECEIVED 11/26 17:53 1996 AT 533B654% PAGE 45 (PRINTED PAGE 45) ]

gdat a %q ot ”qg Wit '@EDWWIE&e shovvriFROM HII—'CE%HI% IS“%P operation |Rn50t1he P 45/48

of an order change will be described wth reference to FIG 3.
First, order information El and conpleted product stock information E2
whi ch are stored in the -17- operating data

storing unit 3E are sent to a conpleted product allocating section A of

the production prdeiG, 4

3B /35
1 3
Operation request information Operating data storing unit E4
preparing unit <
Production order
Part configuration
information
( Receive data
B1
! ¢
Part developing means
(o . . . . .
Receive operation pattern [< Operation pattern information
| §% | es
Operation developing means

{

: : : Stock information
(Recewe stock information I< for each aperation stage
B3
} ¢ ?

E7

Operation unit production
quantity calculating means

Receive non-defective

Non—defectwe roduct
product rate information < 7

rate information

Ise g

- Operation unit charge
quantity calculating means

ES

§

Operatiaon request information

information

( Transmit work request L)
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all ocated to the order information El, and the quantity of products which
are to be actually produced is obtained. Specifically, the quantity of
products which are to be actually produced is cal cul ated by an expression
of "quantity in the order - quantity of stocked conpleted products =
quantity of products which are to be actually produced." The quantity of
products which are to be actually produced is sent as production order
information P to a production schedul e reprocessing section A2.

In the production schedul e reprocessing section A2, production schedul e

all ocati ng neans A21 conducts a
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whet her the information contains orders which
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previous production schedule E3 planned before the order change or

t he production order

can be allocated to a

n

information P contains orders which are already

ot .

| f

I ncluded in the previousg heLaLe,fhe_nLdei
change, the producigon order_infornaiion Es labeled as information whic
is already includef’ig thel prgvious produgt{on sdhedul e, and returned a$ a
production order E4 tjo th@ opgratijng datajsforeng ungd 3E. «lhe
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Bchedul e deletlng means A22. The previous productlon schedul'@ E3”i n whi ch
a portion has been subjected to the deletion F@SBEQatlHaeHe@saewdagdt i on of

the new production schedule to the operating dat
In this way, the production schedule allocating cates t he
production orddgF §nGprnition Pt

3C
§ )’
Simulation processing unit Operating data storing unit  E4
Production order ES
Dpera%uon gequest
. . information -
cz\_\ Receiving Division and {
oini
Lot-size optimizing "1- lﬂg >  Operation request
Rl seﬁilon Receivi information E9
e Ch
Releasing rule s Operation request
cA : information
& L~
3] Event processing section rd
_ Transmission
Receiving G
S
|| Occurrence waiting event
storage section
3
A v
Operation start waiting
lot storage section
Dispatchi r
ispa cser::g i%:cessmg Receiving
[ 5R2
Filtering rule 3
v §
Routin rule
R4
v $
Dispatching rule RS
S
L__Postprocessing rule
I lTransmission {53
055 — \1; - > Production schedule |E4
ccurrence waiting even s ccl
csf storage Sec{?t“ Transm:ssuog’ Production order
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the previous p L) dhéﬂiﬁuz E3 pl anned before the order c%g@g(wbh
respegt t,o a pfo uct “"geHf T TRt on  which is included in both th F{)\

i nf ofmati on ang 17MAreqy7e. | | h the allocation processing, condl i ons
such ~~as the gta tl‘ty and the delivery time are considered with

si gni ficance t he'-degree—ef-whi-chl dependsy on the strategy of the planning

of the production schedul e. FIG 4 is a block diagram show ng
the operation Tequest THIOraTTon preparing unit 3B and a portion of the
operating dat W WAl Gt sd & akp an .
Referring to B USWE BT RHASd 20 bRODVETT P whi ch
requi res a new prettcttor—schettre—a

ABSTRACT OF THE DISCLOSURE

The method of planning a production schedule of
the present invention has a production order preparing
unit which, in response to an order, the completed product
stock is allocated to the previous production schedule
planned before an order change, and which prepares a
production order. The production schedule which is
previously planned is allocated to the production order .
which has been subjected to allocation of the completed
product stock to the order, in accordance with information
such as the product identification, the quantity, and the
delivery time. The allocated portion of the previous
production schedule is used as it is in the current

production schedule.
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producti on order
pattern iwnformat
unit 3E to the g

case where a prod
parts or the sane
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REPLACEMERD§HEGUr ati on information E5, and operation
| g EB6are-tré&iig§f eérred from the operating data storing
5t {i nformation preparing unit 3B. In the
pdgicti on order E4 is configured by plural

fijcattoh +s used -19- for

di fferent produéts up to a mdpoi nt of ThHe processing,
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part developirgﬁgkéggygﬁyggﬁﬁgéﬁs part-devel opnment on such a product. The

R

part - devel opndnt means determination of the kinds, the quantity, and the
arrangenent tiimingddMARBAPEAE and materials required for producing of a

product which ils a production object. In the operation request

i nformation prleparing unit 3B, jthereafser, operation devel opi ng neans B2

conducts operdtion-devel o

pent_¢n t he producti on order E4 by using the

operation pattern I nforna
The operati on-devel opnent

tTon E6 of the operating data storing unit 3E.
means determ nation of a sequence of operations

inthe formof a tine series which are necessary for producing the
product which is the production object.

FIG. 2

in-process intermediate stock

~

Process

Completed product stock
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Next, stock i ggi =ﬁ§ 1 each operating step, i.e., information
I ncl udi ng th: 4? qua ?t e parts of the in-process internediate

stock, and t Rk mum.S1OCK uantlty whi ch nmust be al ways ensured is
sent fromthg operating data saorlng unit 3E to the operation request

i nf or mati on prepartagar-t=88~' - 3 -In the operation request
information preparing unit 3B, operatfom unit production quantity
calculating nmeans B3 conducts allocation of the production order E4 to

the in-process internediate stock, and calculates the quantity which is to
be produced in each operation. " Next, non-defective product rate
I nformation E8

b)
w — o~ < &"
™ Ly
N E ™y iy ™
o
=
,E’ B 2
| . e LT = B
£ By 2 <
n o 5 S
o o awv bt
S =
58| 32 S EE
C S ol o o -
o o + Q
£ 23 Q =
— =] = "8
s S% 8 £
8. o,
=]
N
R
-
o
\/\
= A Q\q — Y oo~
o
= ﬁ Q .
2 c M o) -
= LS S @ =
8 =k oS -8% -8%
@ -88 —=.2 =g S o
, —zf—{E8 | 52 —f 52
= 25 7 . S e
= 2 2 - 8 B o
o o s.= e 37
= g-—- = 'S._ -S'C
S = (8= ha < >
- as Lo - o
‘t; AN =° [+
g 25
@
S & 2
oo

FI1G., 3



| BEPLAUEMENT SHEET | | |
-20- is sent frpnfEhe” ﬁperaﬁ+ﬂg ata storing unit 3E to the operation
request i.nformatj oh p{gW %wm t{ 3B. In the operation request
i nformation prepgarjn dpgration wunit charge quantity cal cul ating

neans B4 cal cul af eb—a-

tgd be charged in each operation. The

operation wunit “harge'quantlty cdl culati ng nmeans B4 sets the charge
guantity and prepaFes—operati-en=tequestint or mati on E9.

FIG. 4
3B 3E
S g
Operation request information Operating data storing unit E4
preparing unit )
Production order
Part configuration
information
! ¢
s . E5
Receive data
B1 ¢
v §
Part developing means
A4
(ﬁéceive operation pattern Operation pattern information
B2 {
4 4 E6
Operation developing means
( V C e .
Receive stock information |< (for Se’g:hk Jprgxgg*%cn[ tage)
J ¢ Z
Operation unit production
quantity calculating means
(" Receive non-defective | Non-defective product
product rate information rate information
J ¢ =
Operation unit charge
quantity calculating means E9
(V*TransTA¥0¥g£¥|ggquest Operation request information
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@EBLMMENT SHEET
that the pfoffuct™XCofiststs pf two parts A and one part B. The parts A are
produced-.b ; W o§f pperations al and a2, and the part Bis
produced by pperati on . The non-defective product rate

i nformati op &f——the-proaduct s] X i ndicates that the non-defective product
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the parts A ard produced in-th
that the necessar

ensured. In the_m hﬁfﬁﬁ@tai—ﬁﬂ§f31 200 séts of conponents aQﬁﬁF%g%Eed nd
g Aroduction nunber of 200 wit esul t

contrast, t

operation b, i

106 sets of
producti on
of the part
whi ch are

100 product

he parjts B are proddced in the follow ng manner.

- Clonstderationrof | the non-defective product rate (0.95),
components are charded and_{he parts B are produced in the

nunber--of ~100.--As~a‘result, the necessary nunber of or 100 sets

9T grsFeaﬁgrngEN 10N The 200 parts A and the 100 parts B
produced as descrlgeg above are subjected to operation x and

s X are progdysed of pPlanning a Production Schedule and an

tﬂg@ggN 97 aqr |200 parts A are produced. h%@e By

Apparatus for Planning a Production Schedule

FIELD OF THE INVENTION AND RELATED ART STATEMENT
1. FIELD OF THE INVENTION

The invention relates to a method of planning a
production schedule which can cope with a change in order
(order information) in the manufacturing industry, and
particularly toc a method of planning a production schedule
which is effective in planning of a schedule of a
production having a complex operating process such as
machining, and én apparatus for planning a production

schedule which automatically executes the method.

2. DESCRIPTION OF THE RELATED ART

In order to respond to recent requests of
multikind, small quantity, and short-term delivery in the
manufacturing industry and also to efficiently perform
production, wvarious methods of planning a production
schedule by using mainly a computer have been developed.
Such methods can rapidly plan a production schedule which
is substantially optimum, by using the OR (Operations
Research) technique, the knowledge engineering, or
simulation techniques, and are effectively used in

assembly processes such as those of mounting and

REPLACEMENT SHEETS
B’Deg:ription : paged Q. to pag:d
ai Claim(s) :paged3). to paged 36
O Drawing(s) : paged .~ to paged .....
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=22- BT AN f&ﬁgﬁhﬂ | ation processing in the sinulation
processi ng unft=-3C*6FtHe "énbodi nent will be described with reference to
the figures. |Fl §3 ?UNSWW | gck di agram showi ng the sinul ation processing
unit 3C andla portion of tihe operating data storing unit 3E which relate
to the simj ation—peoeessi-Ag {for planning a
-2

assembling electronic components onto a printed circuit
board.

Generally, operating processes such as a
machining process in the manufacturing industry have a
larger number of operating steps than assembly processes
such as that described above, and involve various kinds of
operations (engineering methods). In such fields of the
manufacturing industry, it is often that operations such
as those of switching the identification of the product to
another one require a long operating time periocd in the
unit of days. In planning of a production schedule,
therefore, reduction of the number of processes of
switching product identifications is an important factor
for improving the production efficiency.

In fields of the manufacturing industry having
operating processes, generally, the production lead time
which is a period from reception of raw materials to
completion of a product must be long. When production is
started after an order is received, therefore, the period
required for completing the product is prolonged. To
comply with this, in such fields of the manufacturing
industry, a so-called prospective production which is
started before an order is received is conducted. In the
prospectivé production, production processes are executed
on the basis of an uncertain order, and, when an order

change occurs, the production processes must be changed as



Alkrji s a diagram showing the flow of the
essing unit 3C which is conducted up to

t he pl anni ng schedul e. First, the operation
request infor perating data storing unit 3E, and the
production order E4 relatingltHereto are sent to the sinulation

processing unit 3C. lin the sigwl ation processing unit 3C, a
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t he operation-reques ntormat | on an operation requést havin
si ze change.

producti on sch@gw
‘operation in tif

Consequently, it has been requested to develop a
method capable of rapidly planing a production schedule
which can cope with an order change by a change of a
minimum degree, thereby preventing the production
efficiency from being lowered. However, a method of
planning a production schedule which can satisfy such a
request has not been proposed. |

In the prior art, the following two methods are
known as usual methods of planning a production schedule
which can cope with an order change.

In the first conventional method, a large stock
is secured so as to absorb an order change. However, the
first method has a problem in that the excessive stock
causes large losses in management.

In the second conventional method, a production
schedule is replanned from the beginning. In the second
method, however, the schedule is largely changed and hence
the operation site is confused, thereby producing a
problem in productivity. The second method has also a
problem in production efficiency.

In order to cope with an order change,
therefore, it has been requested to develop a method of
planning a production schedule which can reflect the

variations in the schedule while following the previously



whlch IS Iarge»**-?""' = e 9) 6 15 ‘1 ot size is divided, so that the resulting
lot size becones(closer to th | ptlnun1 | ot si ze, and an operation request
havi ng a snaller%ldissﬂﬁ%&@Ws joined with another operation request which
is identical In¢product nunber jfand operation with the operation request,
so that the repuftTNg ot~ 3TZ€ becomes closer to the optimum | ot size.
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planned production schedule as far as possible.

In operating processes, it is often that steps
such as part or component processing steps are complicated
such that various kinds of operations (engineering
methods) are conducted. For example, parts which are
designated by the same identification of the product in
the charging step are designated by different
identifications (namely, the identification of the product
is changed) in steps subsequent to a certain step in
accordance with the kinds of completed products.
Depending on the kind of the operation, the optimum lot
size and the yield may be different. Therefore, it is
necessary to efficiently cope with an order change in
consideration of such circumstances (or conditions).

The OR technique and the knowledge engineering
technique, in which, when an order change occurs, a
production schedule is replanned from the beginning and
optimum operations are selected have a problem in high-
speed planning of a production schedule.

By contrast, simulation techniques in which a
production schedule is planned by simulating production
steps of a product is suitable for high-speed planning of
a production schedule. In this case, however, the number
of processes of switching part or product identifications.
is increased and hence the operating time period for the

switching processes is prolonged, with the result that it



-23- ﬁg,ﬂégﬁ@g@g%&ﬁ&&ﬁ%rnine the division and joining of an
operation req e%t%&%, vari ou trategy may be enployed. In the case of
joining of o , { particularly, the manner of considering the
operation stfarjt enabl ed datd gnd hour and the delivery tinme plays an

I nportant rolje. —TTTEEEE=EREXY, the planning of the production schedul e
which is basdd_on _forward sinulfation along the time axis is caused to

proceed by a sinuiation controrling section Cl. Wth respect to an

oper ation eauepte {APRL atd 1ok CHUSPEabOLELPLEAILIDI 6B &Shobhai ned as a

result of jJjoining In the lot-size optimzing section C2,
production efficiency.

OBJECT AND SUMMARY OF THE INVENTION

It is an object of the invention to provide a
method of planning a production schedule which can solve
the problems of the prior art and rapidly plan a
production schedule of operating processes which can
easily cope with an order change while ensuring a high
production efficiency, and an apparatus for planning a
production schedule which executes the method.

In order to attain the object, the method of
planning a production schedule of the invention comprises:

an operating data storing step of, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
the processing factory:;

a completed product stock allocating step of
allocating order information to completed product stock
information, and determining an order which is to be
subjected to production (hereinafter, such an order is
referred to as "order fo be produced");

a production schedule allocating step of
integrating an order among orders to be produced, the

order being included in a previous production schedule



operation st

date and hou ' pective operation start enabled dates and
hours, and t ke m?ej‘gﬁ?ﬁ 'otyeration is regarded as one | ot and subjected

to the dispat 'ﬂgﬁpL@ggggmétgone tinme. “After the
above-nentiohed | ot-size optinm zing process, the sinulation processing
unit 3C setsLCharge*meﬁaﬁ#eemQ%tes and Jwurs of the respective products in
the production order, by using a releasing rule RL of a scheduling rule

set 3R In phgnkegerdb8re LACoLHBEIERANgEAt en8bh 8 8BRCHLELQuUEEREHCT 1S
preset, for exanple, information indicative of the charging date is

previ ously schedule as a production-scheduled order;

a production schedule deleting step of deleting
a production schedule of the previocus production schedule
planned before the order change, this production schedule
not including the orders to be produced; and

an operation request information preparing step
of determining a production order from the orders to be
produced, the production order being to be again subjected
to planning of the new production schedule,

the operation request information preparing step
comprising:

an operatioﬁ developing step of preparing
operation request information for determining a seqguence
of operations to be executed, from operation pattern
information for producing a product for each production
order, and obtaining the operation request information
consisting of at least one operation pattern;

an operation unit production quantity
calculating step of allocating operation request
information for each production order to an intermediate
stock, and obtaining a quantity which is to be actually
produced, for each operation; and

an operation unit charge quantity calculating
step of obtaining a quantity to be charged, on the basis

of non-defective product rate information of each
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|ncorporatﬂ# niﬁ*ihg LéL  ing rule R, and the charge enabled date of

the product §s det er m ned |i ;accordance - 24-
with the r =I call dgUNLIBIZRY. | After the charge enabl ed dates and
hours of th products in it e production order are set, the sinulation

processi ng unlt 3Coperates [as an event driven S|nulator Each tinme when
an event whi.ch.enabhles gperdti on request7-

operation.

The apparatus for planning a production schedule
of the invention comprises:

operating data storing means for, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
the processing factory:

completed product stock allocating means for
allocating order information to completed product stock
information, and determining an order to be produced;

production schedule allocating means for
integrating an order among orders to be produced, the
order being included in a previous production schedule
planned before an order change, into a new production
schedule as a production-scheduled order;

production schedule deleting means for deleting
a production schedule of the previous production schedule
planned before the order change, this previous production
schedule not including the orders to be produced; and

operation request information preparing means
for determining a production order from the orders to be
produced, the production order being to be again subjected
to planning of a production schedule,

the operation request information preparing

means comprising:
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' ié%@“éhch as arrival of materials occurs, the

operation req 5 |hfornat is stored in an operation start waiting |ot
st orage sectijon é%JUN‘W@ ? Referring to FIG 6, an event is caused by

an event

r dcessi ng sect|0n C4 on the basis of information from an

occurrenceamalflng event stoﬁage section C5. In the simulation, an event
whi ch cause§ma_c3LLaLn statelis capturegl, attention is directed to the

kind of an event which occurs at a certain timng, and the event is

witten,

n, thereby advaagéegt&tsa gk abitd: means for prEpakribigh® when an
event in which possib

mat eri al s,

ity of dispatching arises, such as arrival of
Spélrat £bRaseqeést hen gL tesh EeﬁddéieﬁﬁﬂﬂﬂﬁglQnseQGén@é

of operations to be executed, from operation pattern
information for producing a product for each production
order, and obtaining the operation request information
consisting of at least one operation pattern;

operation unit production quantity calculating
means for allocating operation request information for
each production order to an intermediate stock, and
obtaining a quantity which is to be actually produced, for
each operation; and

operation unit charge gquantity calculating means
for obtaining a quantity to be charged, on the basis of
non-defective product.rate information of each operation.

The method of planning a production schedule and
the apparatus for planning a production schedule of the
present invention have a production order preparing step
of preparing a production order in accordance with the
order information, the completed product stock
information, and the previous production schedule planned
before an order change. In the step, the completed
product stock is allocated to the order information.
Thereafter, an allocation process is conducted on the
remaining order information in accordance with the
production schedule which is planned previously (before

the order change) and in consideration of information such



naintenanc'“ He Atrol Is transferred to a dispatching
brocessinc @ {Hﬁfﬁgi J As shown in FIG 7, the dispatching
processing gse ﬁ fetches all of the operation request information
stored injtHe.operation sfaft waiting lot storage section C3. The

operationjirequest informatipn is then subjected to preliminary selection
by usi ng #&fi=kterdng-tuh-e..R2. Specificogexanples of the filtering

as the product identification, the quantity, and the
delivery time. The allocated portion of orders is used as
it is in the current production schedule. At the timing
when the previous production schedule is planned, there
are correspondence relationships between production orders
and respective data of the production schedule. In the
current production schedule after the order change, the
allocation process is conducted in disregard of the
correspondence relationships. As a result of the
allocation process, the portion of the previous production
schedule planned before the order change which can be
allocated in the current production schedule after the
order change, and production orders corresponding to the
portion remain as they are. The other portion of the
previous production schedule is deleted. With respect to
the portion of the order information to which nothing is
allocated, new production orders are additionally
prepared. When the production schedule is planned in this
way, the previously prepared production schedule éan be
used as a portion of the new produétion schedule, and
hence the production schedule can cope with the order
change by conducting a change of a small degree on the
schedule.

The method of planning a production schedule of
the present invention plans automatically and efficiently

a production schedule which can fulfill a production order
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appropri a e résourte~ T55el pcted from the currently avail abl e resources by
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an operatlo

(operation developing step) in which operation request
information in the unit of an operatibn is developed and
prepared on the basis of the production order is provided
with information of an intermediate stock in the unit of
operation of each product, and yield information.
According to the method of planning a production
schedule of the present invention, an operation unit
production quantity calculating step in which an
intermediate stock is allocated to individual developed
operation request information and the production quantity
is calculated, and an operation unit charge éuantity
calculating step in which the quantity to be charged is
calculated with considering the yield in the quantity
which is to be actually produced are executed. The
intermediate stock in the unit of operation of each
product means the stock of parts or raw materials which is
obtained when the operation is ended under the state where
the product can be completed by executing all the
remaining operations. In this way, the intermediate stock
and the vield are determined in accordance with a
combination of a product identification and an operation.
Therefore, it is not always necessary to determine an
extra intermediate product identification. Accordingly,

the method of planning a production schedule of the



the currentiX A1 Anong operations and |ots
‘which are 3ected by the filtering rule R2 and which can
be di spat chgd |®3WNWur,ce selected by the routing rule R3, thereafter,
one operati pnj and one | ot re sel ected by using a dispatching rule R4. The
di spat chi ng = n C6 then determ nes the schedul e of the

sel ected opkrati on and | ot . peC|f|c exa |l es of the dispatching rule R4

i nclude variOoUS Processes such as a process which selects an operatlon and
a lot which_can b est ich _selects_an

d
oper ati on aRt®3et tl?ﬁe?ﬁgoﬂ?%ﬂ%sgeﬁfo %??oﬁlggfa3£t§n¥h5 AR Hntch

selects an gperalhop.and: a L9h ¥0LcBa880y plan a production schedule

in which production is conducted at a minimum level in
consideration of the intermediate stock and the yield.

According to the method of planning a production
schedule of the present invention, in the case where the
target product is configured by plural parts or where
semimanufactures which are not completed as products are
divided into plural kinds of products (parts) by different
operations (engineering methods), part configuration
information indicating the set mémbership of the parts
(products), and operation pattern information showing the
production processes of the parts (products) in the form
of an operation pattern which is linear (i.e., production
processes in which there is no branching or joining) are
provided.

According to the method of planning a production
schedule of the present'invention, an operation pattern of
the whole of the product is synthesized from these kinds
of information, and the resulting operation pattern is
subjected to an operation reguest information producing
process in which a part developing step and an operation
developing step are conducted in the same manner as the
method of planning a production schedule described above.
According to this configuration, a product which is

produced from plural parts, a common member from which



obtain a propg u)hgﬁEEBEcuracy. The information of the

di spat ched opefation and -26- .lot,
and that of } hg ﬁﬁidﬂﬁtﬁwmre slent to a postprocessing rule R5, and then
~undergo a necejssary postprocessing. Specific exanples of the

post processilng rufFe™R5~+nrekddg a process in which the di spatched operation
and ot are ki . -12-

various kinds of products or parts are produced, and the
like can be easily registered, and hence the operation
rquest information producing process can be realized by a
combination of simple processes. As a result, also for a
complex processing, it is possible to plan a production
schedule in which the intermediate stock and the yield are
considered.

According to the method of planning a production
schedule of the present invention, when a production
schedule is to be planned for operation request
information in the case where the operation pattern of the
production of the product contains operations having
different optimum lot sizes, operation request information
is arranged by using the product identification, the
operation, the date and hour when the operation can be
started (hereinafter, referred to as "operation start
enabled date and.hour"), etc. as key data, and thereafter
a lof-size optimizing step in which an optimum lot is set
by dividing or joining the operation request information
S0 as to attain an optimum lot size is executed.

According to the method of planning a production schedule
of the present invention, in a simulation, a simulation
step in which dispatching to the resource is conducted in
the unit of a lot and the production schedule is planned
is executed. In the method of planning a production

schedule of the present invention, therefore, operation



forcedly |Jé" 134, 3¢tely after an operation of a product of the

‘sanme ki nd, ét ereby uppre§$|hg the process of switching part

i dent i fi cati gnsOSoJUNEIM ni mim degr ee. The sinul ation processing

~unit 3C co%d cts the dispatéhing process as described above, and
thereafter | CausSes™tieE=mew pfoducti on schedul e E3 planned after the order

change, an roduction ofder E4 | abghed as information which is

al ready included in the “production schedule to be stored in the operating

d
the  apparatsditss AFtormesien pratirdnia FER cRssPONE featkel "o '
i nventi on,  §E.DROCESS POLAAPENS OrEaRalSY 1Y Albided or joined in

consideration of the product identification, the

operation, the operation start enabled date and hour,
etc., thereby setting lots. The quantity in each lot is
set to be a value which is close to an optimum lot. When
a production schedule is to be planned, dispatching to the
resource is conducted in the unit of a lot. In each lot,
the operation start enabled date and hour are determined
to be equal to the latest date and hour among the
operation start enabled dates and hours of the operation
request information constituting the lot. As a result of
such setting, the method of planning a produétion schedule
of the present invention can plan a production schedule in
which operations are executed in the unit of an
appropriate lot in consideration of restrictions such as
the equipment, and the production efficiency.

While the novel features of the invention are
set forth particularly in the appended claims, the
invention, both as to organization and content, will be
better understood and appreciated, along with other
objects and features thereof, from the following detailed

description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the
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operation to%gg_ﬂe{égﬁ}«f&&w{‘sﬁﬁwﬁ t he production equi pnent on the basis of
the operatiof feqlest ThFdriation is configured so that the deternination
of the di spaﬁCji W3IJUN 997 déd, i nt o: (1) the releasing rule
which sets thejdate and houf When a production order can be charged into
the operatifig preeessse—-.d (2) the filtering rule which
prelimnarily selects (elimnhtes) an-g@eration and a lot which are to

configuration of an apparatus_for planning a production
schedule which is a preferred embodiment of the present
invention;

FIG. 2 is a diagram schematically showing a
process which is an object of the production schedule in
the embodiment of FIG. 1;

FIG. 3 is a block diagram showing a production
order preparing processing in the embodiment of FIG. 1:;

FIG. 4 is a block diagram showing an operation
request information preparing processing in the embodiment
of FIG. 1; |

FIG. 5 is a diagram illustrating a specific
example of the operation request information preparing
processing in the present invention;

FIG. 6 is a block diagram showing a simulation
processing in the embodiment of FIG. 1; and

FIG. 7 is a diagram showing the flow of the

simulation processing of FIG. 6.

DESCRIPTION QF THE PREFERRED EMBODIMENT

Hereinafter, a preferred embodiment of the
method of planning a production schedule and the appératus
for planning a production schedule of the present
invention will be described with reference to FIGs; 1 to
7.

Referring to FIG. 1, a storage device 2 stores
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%7_” g N _%preration i s enabl ed, or when arrival of

rel ease of the kequipnent, or the |ike occurs; (3)

it ul @i A9%el Ects a resource to which the operation is

(4)ithe dispatching rule which selects an operation
Ith™arée t o bedi spat ched; and (5) the postprocessing

lconducts an__additional procegsing or the like on the basis of

&

i nformation of the di spatched operation and the resource,

basic data of a factory and management data which are
required for planning a production schedule. For example,
the basic data include operating days of the factory, an
operating time, contents of operations of machines, and
the abilities of the machines, and the management data
include order information, stock information, and a
production schedule. The basic data and the management
data are input and corrected through an input device 1. A
central processing apparatus 3 automatically plans a
production schedule, and manages and controls the devices
as a whole. A display device 4 displays data of the
storage de&ice 2, a planned production schedule, etc.

The central processing apparatus 3 comprises a
production order preparing unit 3A, an operation request
information preparing unit 3B, a simulation processing
unit 3C, a central controlling unit 3D, and an operating
data storing unit 3E. The production order preparing unit
3A prepares a production order consisting of the kind of a
product which is to be actually produced, the gquantity,
and others, from an order (order information).

The operation request information preparing unit
3B subjects the production order to operation-development,
and prepares operation request information in
consideration of the intermediate stock and the yield.

The operation-development means determination of operating

steps required for producing a target product. The
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and t hese RE@E%LEMENQ M&b@h?ently configured as a scheduling rule set in

Wwhi ch eachjr ule“can be “set ed and incorporated into the main unit.

In the app tq; nF a production schedule of the present

I nvention Eflgur escri bed above, when a production schedule is to
be planned ~®peﬁafbeﬂ quest information in sinulation, the charge
enabl ed date and hour for h productiLgg-order is first set in accordance
with the reteasrig Ture. |n‘bther wor ds, the date and hour when charging

i s enabl ed o t e b arted
IS strateg|%I+§%a§%§ﬁ égﬁgfgngngﬁﬁgu?ﬁhiﬁ§g£§ﬁrgﬁgg éﬁéPQtEBHs £ath

the resource such as the production equipment and plans a
production schedule, on the basis of the operation request
information prepared in the operation request information
preparing unit 3B. The central controlling unit 3D
controls processings of the production order preparing
unit 3A, the operation request information preparing unit
3B, and the simulation processing unit 3C. The operating
data storing unit 3E is disposed so as to store operating
data used in each processing and transfer data between the
units.

FIG. 2 is a diagram schematically showing the
flow of operations of a process which is an ébject of a
production schedule in a processing factory. As shown in
FIG. 2, a completed product is produced by way of plural
operations in the factory, and then stocked. In some
cases, parts of a considerably quantity are stocked
between the operations of the process, as an in-process
intermediate stock.

FIG. 3 is a block diagram showing the production
order preparing unit 3A and a portion of the operating
data storing unit 3E which are shown in FIG. 1. The
operation in the case of an order change will be described
with reference to FIG. 3.

First, order information El1 and completed

product stock information E2 which are stored in the
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herefore

operating data storing unit 3E are sent to a completed
product allocating section Al of the production order
preparing unit 3A. In the section, the completed product
stock is allocated to the order information E1l, and the
quantity of products which are to be actually produced is
obtained. Specifically, the quantity of products which
are to be actually produced is calculated by an expression

of "quantity in the order - quantity of stocked completed

products = quantity of products which are to be actually
produced." The quantity of products which are to be
actually produced is sent as production order information
P to a production schedule reprocessing section AZ.

In the production schedule reprocessing section
A2, production schedule allocating means A21 conducts a
search operation on the production order information P so
as to check whether the information contains orders which
can be allocated to a previous production schedule E3
planned before the order change or not. If the production
order information P contains orders which are already
included in the previous production schedule E3 planned
before the order change, the production order information
is labeled as information which is already included in the
previous production schedule, and returned as a production
order E4 to the operating data storing unit 3E.

The portion of the previous production schedule

E3 planned before the order change to which the production
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production schedule deleting means A22. The previous

production schedule E3 in which a portion has been
subjected to the deletion is returned as a portion of the
new production schedule to the operating data storing unit
3E.

In this way, the production schedule allocating
means A2l allocates the production order information P to
the previous production schedule E3 planned before the
order change, with respect to a product identification
which is included in both the information and the
schedule. In the allocation processing, conditions such
as the quantity and the delivery time are considered with
significance the degree of which depends on the strategy
of the planning of the production schedule.

FIG. 4 is a block diagram showing the operation
request information preparing unit 3B and a portion of the
operating data storing unit 3E which are shown in FIG. 1.

Referring to FIG. 4, among the production order
information P which requires a new production schedule, a
production order E4, part configuration information ES5,
and operation pattern information E6 are transferred from
the operating data storing unit 3E to the operation
request information preparing unit 3B. In the case where
a product in the production order E4 is configured by

plural parts or the same product identification is used
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part developing means Bl conducts part-development on such
a product. The part-development means determination of
the kinds, the quantity, and the arrangement timing of
parts and materials required for producing of a product
which is a production object.

In the operation request information preparing
unit 3B, thereafter, operation developing means B2
conducts operation-development on the production order E4
by using the operation pattern information E6 of the
operating data storing unit 3E. The operation-development
means determination of a sequence of operations in the
form of a time series which are necessary for producing
the product which is the production object.

Next, stock information E7 for each operating
step, i.e., information including the actual quantities of
parts of the in-process intermediate stock, and the
minimum stock quantity which must be always ensured is
sent from the operating data storing unit 3E to the
operation request information preparing unit 3B.

In the operation request information preparing
unit 3B, operation unit production quantity calculating
means B3 conducts allocation of the production order E4 to
the in-process intermediate stock, and calculates the
quantity which is to be produced in each operation.

Next, non-defective product rate information ES8
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operation request information preparing unit 3B. In the

operation request information preparing unit 3B, operation
unit charge quantity calculating means B4 calculates a
qguantity to be charged in each operation. The operation
unit charge quantity calculating means B4 sets the charge
gquantity and prepares operation request information E9.
The operation request information E9 is again transferred
to the operating data storing unit 3E.

FIG. 5 is a diagram illustrating an example of
the operation request information preparing processing
which shows the method of planning a production schedule
of the processing in the embodiment by using specific

values.

In FIG. 5, when an order of 100 products

" identified by X is given, a search operation is first

conducted on the completed product stock. If there is no
product X in the completed product stock, the number of
the production order is set to be 100. The part
configuration information for the products X indicates
that the product X consists of two parts A and one part B.
The parts A are produced by the sequence of operations al
and a2, and the part B is produced by operation b.

The non-defecti&e.product rate information of
the products X indicates that the non-defective product

rate of the part A is 1.0 (100%) and that of the part B is
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0.05% in the process.

The stock information for the products X
indicates that 50 products have passed through the
operation al.

As indicated in the frame designated by the
reference symbol Z in FIG. 5, 100 products X are produced
from 200 parts A and 100 parts B. In the operation al, in
consideration of the stock (50 sets), 150 sets of
components are charged and the parts A are produced in the
production number of 150. As a result, the necessary
number of or 200 sets of components for the éarts A are
ensured. In the next operation a2, 200 sets of components
are charged and the parts A are produced in the production
number of 200 with the result that the necessary number of
or 200 parts A are produced.

By contrast, the parts B are produced in the
following manner. In the operation b, in consideration of
the non-defective product rate (0.95), 106 sets of
components are charged and the parts B are produced in the
production number of 100. As a result, the necessary
number of or 100 sets of the pafts B are ensured.

The 200 parts A and the 100 parts B which are
produced as described above are subjected to operation x

and 100 products X are produced.
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Next, the simulation processing in the
simulation processing unit 3C of the embodiment will be
described with reference to the figures. FIG. 6 is a
block diagram showing the simulation processing unit 3C
and a portion of the operating data storing unit 3E which
relate to the simulation processing for planning a
production schedule, and FIG. 7 is a diagram showing the
flow of the operation in the simulation processing unit 3C
which is conducted up to the planning of the production
schedule.

First, the operatioh request information E9 of
the operating data storing unit 3E, and the production .
order E4 relating thereto are sent to fhe simulation
processing unit 3C.

In the simulation processing unit 3C, a lot-size
optimizing section C2 conducts division and joining of
operation requests in the operation request information
E9. In this example, among the operation request
information E9, an operation request having a lot size
which is larger than an optimum lot size is divided, so
that the resulting lot size becomes closer to the optimum
lot size, and an operation request having a smaller lot
size is joined with another operation request which is
identical in product number and operation with the
operation request, so that the resulting lot size becomes

closer to the optimum lot size.
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In order to determine the division and joining
of an operation request(s), various strategy may be
employed. In the case of joining of operation requests,
particularly, the manner of considering the operation
start enabled date and hour and the delivery time plays an
important role.

Next, the planning of the production schedule
which is based on forward simulation along the time axis
is caused to proceed by a simulation controlling section
Cl. With respect to an operation request (operation
request information) which is obtained as a result of
joining in the lot-size optimizing section C2, the
operation start enabled date and hour are set to be equal
to the latest date and hour among the respective operation
start enabled dates and hours, and the whole of the
operation is regarded as one lot and subjected to the
dispatching process aé one time.

After the above-mentioned lot-size optimizing
process, the simulation processing unit 3C sets charge
enabled dates and hours of the respective products in the
production order, by using a releasing rule Rl of a
scheduling rule set 3R. In the case where the charging
date of a specific product is preset, for example,
information indicative of the charging date is previously
incorporated into the releasing rule R1, and the charge

enabled date of the product is determined in accordance



.;:-Mé hedul e, and basic data of said processing

| nformation, gng4«a-proaushE
i e etted product stock allocating step of
er} igﬁhjuéﬁggi Igo-conpleted product stock information, and

factory;
al | ocating or

determ ning arg 'rder to be prédiced; a production schedul e

al l ocating stgp of |ntegrat|ngzan order anong orders to be produced, said
order being in —previt-0us prodygtion schedul e planned before an
order change, |nto a neM/productlon schedul e as a production-schedul ed
order; with t PQHQ%h rgthegyl e deleting step of deleting a
productlon schedu sal %reV|ous producti on schedul e

After the charge enabled dates and hours of the
products in the production order are set, the simulation
processing unit 3C operates as an event driven simulator.
Each time when an event which enables operation request
information to be started, such as arrival of materials
occurs, the operation request information is stored in an
operation start waiting lot storage section C3.

Referring to FIG. 6, an event is caused by an
event processing section C4 on the basis of information
from an occurrence waiting event storage section C5. 1In
the simulation, an event which causes a certain state is
captured, attention is directed to the kind of an event
which occurs at a certain timing, and the event is
written, thereby advancing the simulation.

Each time when an event in which possibility of
dispatching arises, such as arrival of materials, and
release of the equipment (end of production, end of
maintenance) occurs, the control is transferred to a
dispatching processing section C6.

As shown in FIG. 7, the dispatching processing
section C6 fetches all of the operation request
information stored in the operation start waiting lot
storage section C3. The operation request information is
then subjected to preliminary selection by using a

filtering rule R2. Specific examples of the filtering
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rule R2 include a process which is conducted in order to
eliminate an operation and a lot with sufficient lead time
to the delivery, or those in which the currently available
productioﬁ equipment necessitates a process of switching
product oxr part identifications.

Next, an appropriate resource is selected from
the currently available resources by using a routing rule
R3. Specific examples of the routing rule R3 include
various processes such as a process in which a resource
which is firstly available is selected, and that in which
a resource having the highest throughput is selected from
the currently available resources.

Among operations and lots which aré
preliminarily selected by the filtering rule R2 and which
can be dispatched in the resource selected by the routing
rule R3, tﬁereafter, one operation and one lot are
selected by using a dispatching rule R4. The dispatching
processing section C6 then determines the schedule of the
selected operation and lot. Specific examples of the
dispatching rule R4 include various processes such as a
process which selects an operation and a lot which can be
started at the earliest time, that which selects an
operation and a lot of the highest production capacity,
and that which selects an operation and a lot which can
obtain a product with a high accuracy.

The information of the dispatched operation and
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rule R5, and then undergo a necessary postprocessing.

Specific examples of the postprocessing rule R5 include a
process in which the dispatched operation and lot are
forcedly incorporated immediately after an operation of a
product of the same kind, thereby suppressing the process
of switching part identifications to the minimum degree.

The simulation processing unit 3C conducts the
dispatching process as described above, and thereafter
causes the new production schedule E3 planned after the
order change, and the production order E4 labeled as
information which is already included in the production
schedule to be stored in the operating data storing unit
3E.

As seen from the above description, in the
apparatus for planning a production schedule of the
present inQention, the process portion for dispatching an
operation to a resource such as the production equipment
on the basis of the operation request information is
configured so that the determination of the dispatching is
divided into:

(1) the releasing rule which sets the date and
hour when a production order can be charged into the
operating process;

(2) the filtering rule which preliminarily

selects (eliminates) an operation and a lot which are to
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arrival of materials, release of the equipment, or the

like occurs:;

(3) the routing rule which selects a resource to
which the operation is dispatched;

(4) the dispatching rule which selects an
operation and a lot which are to be dispatched; and

(5) the postprocessing rule which conducts an
additional processing or the like on the basis of
information of the dispatched operation and the resource,
and
these rules are independently configured as a scheduling
rule set in which each rule can be selected and
incorporated into the main unit.

In the apparatus for planning a production
schedule of the present invention configured as described
above, when a production schedule is to be planned from
operation request information in simulation, the charge
enabled date and hour for each production order is first
set in accordance with the releasing rule. In other
words, the date and hour when charging is enabled after
the date and hour at which the processing can be started
is strategically set. The date and hour at which the
processing can be started are set on the basis of the
preparation period of raw materials, the period when the

process can be used, the delivery time, a uniform
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production lead time, and the like. Therefore, the
apparatus for planning a production schedule of the
present invention can cope with various requests for
processing by configuring the rules as independent
elements. Specifically, it may be contemplated that
charge enabled dates and hours are dispersed in
consideration of the load condition of the whole of the
process, in order to shorten the in-process residence
period of each workpiece.

After the event processing cycle is started, an
operation and a lot are selected in accordance with the
filtering rule, the routing rule, and the dispatching
rule, and then dispatched. A combination of an operation
and a lot is finally determined in accordance with the
routing rule and the dispatching rule. The provision of
the filtering rule allows the preliminary selection using
a simple evaluation function and the final selection (the
dispatching rule) using a precise function to be
separately provided. As a result, a high-level production
schedule can be rapidly planned.

In the method of planning a production schedule
of the present invention, an operation and a lot which are
inconvenient for dispatching in the simulation, such as
those which necessitate a process of switching part
identifications can be positively eliminated, and release

of the equipment which is producing a product of the same



production schedul e conpri sing:
operati ng dpt; For, in order to plan a production schedul e
in a processih thMg9£¥T::£$ ring managenent data such as order
information, stock informatijon, and a production schedul e, and basic data
of said processimg-factoary:.} -2%npl et ed product stock allocating
nmeans for allocating order information to conpleted product stock
i nf or mat i onpraddcietigdeitiifi¢atiiody der wad terl.pr aditrad dispatching, Rheduction
schedul e al | ocating neans for

postprocessing rule is applied by using the information of

4. An appargti

the dispatching. For example, by incorporating a process
in which the dispatched operation of a product is forcedly
scheduled immediately after an operation of a product of
the same product identification, or the 1like, it becomes
possible to plan such a production schedule of a reduced
number of switching processes that which is difficult to
do in a temporal simulation.

As seen from the above description, according to
the method and the apparatus for planning a production
schedule of the present invention, an effective production
schedule in which the in-process intermediate stock and
the like are considered can be planned also for a complex
operating process such as machining, and an executable
production schedule which can suppress the change of the
process due to an order change to a minimum level can be
rapidly planned. Therefore, the method and the apparatus
can prevent the stock from being increased, and support an
early delivery in response to an order.

Although the present invention has been
described in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting. Various alterations and
modifications will no doubt become apparent to those

skilled in the art to which the present invention
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1. A method of planning a production schedule

comprising:

an operating data storing step of, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
said processing factory;

a completed product stock allocating step of
allocating order information to completed product stock
information, and determining an order to be produced;

a production schedule allocating step of
integrating an order among orders to be produced, said
order being included in a previous production schedule
planned before an order change, into a new production
schedule as a production-scheduled order;

a production schedule deleting step of deleting
a production schedule of said previous production schedule
planned before an order change, this production schedule
not including the orders to be produced; and

an operation request information prepafing step
of determining a.production order from the orders to be
produced, the production order being to be again subjected
to planning of said new production schedule,

said operation request information preparing

step comprising:
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operation request information for determining a sequence
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of operations to be executed, from operation pattern
information for producing a product for each production
order, and obtaining said operation request information
consisting of at least one operation pattern;

an operation unit production quantity
calculating step of allocating operation request
information for each production order to an intermediate
stock, and obtaining a quantity which is to be actually
produced, for each operation; and

an operation unit charge quantity calculating
step of obtaining a guantity to be charged, on the basis
of non-defective product rate information of each
operation.

2. A method of planning a production schedule in
accordance with claim 1, wherein said operation request
information preparing step further comprises:

a part developing step of, in a case where the
product is configured by plural parts or where a specific
intermediate part is changed to different parts or
products as a result of a subsequent processing,
developing parts of the product, thereby preparing part
configuration information.

3. A method of planning a production schedule in

accordance with claim 1, further comprising a simulation
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processing stép which comprises:

a lot-size optimizing step of dividing an
operation request or joining operation requests so that an
optimum lot size is obtained in accordance with a kind of
an operation; and

a simulation step of conducting scheduling at
the optimized lot size.

4. An apparatus for planning a production
schedule comprising:

operating data storing means for, in order to
plan a production schedule in a processing factory,
storing management data such as order information, stock
information, and a production schedule, and basic data of
said processing factory:

completed product stock allocating means for
allocating order information to completed product stock
information, and determining an order to be produced;

production schedule allocating means for
integrating an order among orders to be produced, the
order being included in a previous production schedule
planned before an order change, into a new production
schedule as a production-scheduled order:;

production schedule deleting means for deleting
a production schedule of said previous production schedule
planned before an order change, this production schedule

not including the orders to be produced; and
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for determining a production order from the orders to be

produced, the production order being to be again subjected
to planning of a production schedule,

said operation request information preparing
means comprising:

operation developing means for preparing
operation request information for determining a sequence
of operations to be executed, from operation pattern
information for producing a product for each production
order, and obtaining said operation request information
consisting of at least one operation pattern:

operation unit production quantity calculating
means for allécating operation request information for
each production order to an intermediate stock, and
obtaining a quantity which is to be actually produced, for
each operation; and

operation unit charge quantity calculating means
for obtaining a quantity to be charged, on the basis of
non-defective product rate information of each operation.

5. An apparatus for planning a production
schedule in accordance with claim 4, wherein said
operation request information preparing means further
comprises:

part developing means for, in a case where the

product is configured by plural parts or where a specific
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Miﬁf;;;édiate part is changed to different parts or
products as a result of a subsequent processing,
developing parts of the product, thereby preparing part
configuration information.

6. An apparatus for planning a production
schedule in accordance with claim 4, further comprising a
simulation processing means which comprise:

lot-size optimizing means for dividing an
operation request or joining operation reguests so that an
optimum lot size is obtained in accordance with a kind of
an operation; and

simulation means for conducting scheduling at
the optimized lot size.

7. An apparatus for planning a production
schedule in accordance with claim 6, wherein, in order to
dispatch a prepared operation request to a resource such
as production equipment in a simulation system, said
simulation means comprises a scheduling rule set having:

a releasing rule which determines charge enabled
dates and hours for the production orders:;

a filtering rule which preliminarily selects an
operation;

a routing rule which selects a resource such as
equipment;

a dispatching rule which dispatches a prepared

operation request to a selected resource; and
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a postprocessing rule which, immediately after
dispatching, conducts a control on subsequent dispatching

on the basis of information of the dispatching.



