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The present 1nventlon generally relates to a produc-
tion plan generatzng method and to a related apparax_us for
generatlng productlon plans in accordance with the wmethod,
and more particularly xelates to a dynamic scheduler which
is adapted for coordinating the production of one or more
assembly lines making different finished products, each
assembly line including a_plurglity of production steps.

As a result of advances in technology and rapidly
changing consumption patterns,~manufacturers must presently
contend with a rapidly changing manufacturing environment

- -which is :often  characterized by the manufacture of a wide

range of goods in relatlvely small production lots, with
such goods havmg shorter uel.nvery schedules and shorter
product life cycles than has prevxously been the case. The
ability ¢to respond qulckly ‘and sensitively to market
changes is now’ extr_emely,;mportant in such a multi-product,
small-lot manufaéturing."":é'nvii'bnment, and regquires the

.ability to- generate precise:plans for factories which

produce goods having multiple production processes or steps
and/or which include several product lines, the ability to
rapidly change these plans, and the abillty to eff:.cn.ently
produce an appropriate number of components and finished
products without unnecessary expenditure of material, time
or cost.

A number of attempts have been made to facilitate
and/or computerize production processes for the manufacture
of varlous .products, : S ' '

One known product:l.on plan generator is illustrated in
Figure 6, which’ schemat:.cally 111ustrates a system which
was disclosed, e.g., in Jananese Published Patent Aap-

plication 62-52,666. In this known generator, a central
-1~



rande of goods in relatively small production lots, with such goods having -
‘shorter delivery schedul es and shorter product |ife cycles than has
previously been the case. The ability to respond quickly and sensitively to
nar ket changes is now extrenely inportant in such a nulti-product,
snal | -1 ot manufacturing environnent, and requires the ability to generate
preci se plans for factories which produce goods having multiple production
processes or steps and/or which include several product lines, the ability .
to rapidly change these plans, and the ability to efficiently produce an

appropriate nunber é’é f&@ﬁ@%ﬁ@n& fd ni shedh pLodyctspikhhoyt auBEREEEEA] Vis
expendi ture of mat eri a tine
' } used ‘to:generate a production: plan-in accordance with a
provided production plan-generating program: 100." A memory
102 for storing -basic data  relating to:the ‘production
5 ' equipment to be used, and other parameters, ‘is connected to .
enable access to such data by the CPU 101.  An additional
memory 103 is used as working memory by the CPU; such that
the CPU can therefore- generate a productlon plan based upon
the stored data. PR ) s R
10 ~“Known data that is essential to each of. the processes
' to be scheduled by this system can be entered through an
input device 104, e.g:, a keyboard,-. connected.to CPU 101.
A "plan results” memory- 106 . is ‘provided for:sto;ing the
prcductibn'plan"generéted by the production plan generating
15 program in the CPU, a display’'device 107 is provided for
| . 'displaying the plan results, and a pxrinter 108 is provided
. for printing the plan results, with the printer also being
connected’ to CPU 101. . N : .
In this prior art system, the noted production plan
20 generation process is executed.separately for each stepin
the production process, based upon the basic data which is
input via input device 104, ‘and upon data which is provided
in working memory 103. Because the product plan: generation
i ( ' . process isexecuted separately for each production process
: 25 ' . Step, when one Or more processes Or steps-are-interrelated,
the “personnel .’ operating’ the" plannexr. for" an.:"upstream

TN

.- process" (i‘e.,-a process which is performed earlier during

- production ‘of “@ final- product) . must, cross:reference o_z_'

- ' ptherwise relate the- prop.osed-- production plan-:for such an

30 upstream process step with the proposed prcductionplan for
" a downstream process step (i.e., a sequentially later

process which is required to” be performed. in: order to

- produce a finished product). It:is necessary to do so in-
order that the personnel can identify’ any factors pxesent
35 "~ in. the " "downstream process" that depend  upon. certain

R
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or _cost. A number of attenpts have been made to facilitate and/or
conputerlze production processes for the manufacture of various products.
One known production plan generator is illustrated in Figure 6, which
schematically illustrates a system which was disclosed, e.g., in Japanese
Publ i shed Patent Ap- plication 62-52,666. In this knomn generator, a

central 2
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- conditions,:» requirements;: or- factors :xelating: to the .
‘"upstream process" (e.g., the volume of product' required by
the downstreaim process), and to thereafter .input. any such

- conditions as. feedback to the-production plan generator for

the upstream process.: The generator:must then run again in

‘oxder to: generate a production plan. for the upstream
- process. that is compatible@with the requirements of the
- downstream .process.. : In other words, the operator of the

system which is designed to. produce a production plan
generating program for an upstream.process cannot operate
in ignorance of the later, downstream processes which are

‘required in. an- overall production plan, and in fact
‘requires . information “ from ..the later in time (during"

production of a given final product) downstream. processes
in  order to be able to :properly plan a given upstream
process.. As an example; an operator would have . to know the
volume of product: which is going: to be produced at a
downstream process step, and the date by which they need to
be produced, ‘and the time when they are produced, in order
to accurately . :execute -a . final-:production - plan for :an
upstream. process. . _ .

~:In many . factories, howeveL, : goods are ma*mfact:u*ed

through a series. of plural production process steps. Thus,

-~ while. the .system: desci‘ibed.._ in. Figure 6. constitutes a
‘conventional. planning . process: which optimizes-the produc-

- tion plans of individual processes or steps used.to produce
- final’ products; ‘it - involves . developing: px__‘_oduqt_;_i&on plans

- dependent..upon-each - specific; process,.-or..a- ,ggmbef of

processes; or-developing separate production plans. for each

“process; and .such- a- system'_:does_-_nor.,interrelatg.___a_).l of the

processes ~or steps, and.:- therefore .cannot optimize the
production plan for an overall Iﬁroduction process which
involves a series of steps, processes and/or components to
produce a final product. - - In order to overcome such a

deficiency, personnel working with an upstream process must

e
e
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proéessi ng unit (i.e., CPU) 101, typically a conputer, is used to generate
“a'production plan in accordance with a provided production plan generating
‘progran1100 A menory 102 . .for storing basic data relating to the -
pgroduction equi pnent to be used, and other paraneters, is connected to
enabl e access to such data by the CPU 101. An additional nenory 103 is used
:as working nmenory by the CPU, such that the CPU can therefore generate a
production plan based upon the stored data. Known data that is essential to
each of the processes to be schedul ed by this systemcan be entered through

an input device 104, 8x05ri3yKEXDRALEY ﬁ@ﬂ@%ﬁ@%r&@u@%ﬁ%ta (e.g., final

é .. " parameters representing the quantities of specific products

which are required to be produced in subsequent -steps) of -

_a  later, .downstream process or step (e.g., ‘the final

5 downstream process or an. intermediate downstream process),

and thereafter . determine - any - conditions that must be

satisfied by the upstream process which the personnel is

involved with as a result’ - of the later implementation of

| any such downstream steps. ‘Théreafter, the needs-produc-

10 . tion data tust be entered ‘into the upstream production

(1 ' plan, and such production-plan must be adjusted. As a

result, - significant time, . input - and effort- from a

- relatively large number -of personnel :will be required to

& generate an overall production plan using a system in which

15  individual processes are separately being planned. Even

further, “from -a practical standpoint, it is" extremely

| o difficult to completely coordinate production plans for

| chronologically sequential processes or steps in an overall

production process (some of which may, e.g., be located

20 apart from each other), .and:the. tendency” in  such cir-

cumstances is .to coordinate such. plans' only in a very
superficial or basic. fashion. - S ST e

As an example of such.difficulty, one should consider

an upstream process which itself. consists of a plurality of
- 25 parallel  (in time) component manufacturing processes, and
- a downstream process in ‘which the ‘components -which are
manufactured-during the upstream process are then used to
assemble 'the :final products resulting froOm the ‘components
“manufactured during the wvarious upstream processes.
30 In such an example, the assembly “process; i.e., the
' downstream process in this example, typically is programmed
to begin only when all of the components from the various
i - upstream procesées are available and on hand ‘to be as-
sembled.

! eet Has Been Replaced - C=4-
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A "plan results"

menory 106 is provided for storing t he production pl an

geﬁerated by the production plan generating programin the CPU, a display

e 107 is provided for displaying the plan results, and a printer 108
is provided for printing the pl an results, with the printer also being

connected to CPU 101. In this prior art system the noted production plan
generatlon process is executed separately for each step in the production
process, based upon the basic data which is input via input device 104, and
upon data which is provided in working nmenory 103. Because the product plan

generation process is exefuhesth sepaédhet anddd, eprd produetion RtATRStime of
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the downstream process must be set to start aftex: providing
a sufficient time for any delays: which may occur during any
of the upstream processes,.and'asxa result significant and
unnecessary time lags can. occuxr during the production of
final products. In other words, providing sufficient time
or allowance, between processing steps, for the: possible
occurrence-of such errors,. can result in unnecessary waste
of time in the overall production process. _

- The type and volume of products to be produced .and

.-the volume(s) of products and comporents whlgh can be

produced in manufacturing production lots, will differ in
each process. Typical lot size restrictions (1 e., the
volume of production ofgone_operatlonal runxot a . given
line) represent another factor which may delay the assembly
of. a final product or- component from a  plurality of
components or sub-components, - respectively, i.e., waiting

- for the completion of one generally parallel process may

delay the next step even though other components have been
prepared, particularly if the lot size (i.e.; a:practical
limitation on-manufacturing'speed:and volume) has not been
taken into account. Such:-delays can accumulate during an
overall production plan, :such that there may well be an

. steady.increase in the amount of time requirg_d to develop

~an -optimal- pi:oduction';- plan as the number -of -production

processes {each having its own manufacturing limitations)
required thproduce a finished product-increases.: =20

.:ARIEH, ~~U.S.:: Patent No.: 4,807,108, discloses: another

-product;onrprocess-for mapufacturlng,;e.g;y'anuelectronic

circuit pack. - .. - . s i . L

Purther, an -inference planning - :system --used for
planning in a manufacturing system is disclosed in commonly
assigned TANAKA et al., British Patent 2,219,109, and is
also disclosed in its counterpart U.S. Patent Application

This Sheet Has Been Replaced - =5~




step, when one or nore processes or steps are interrelated, the personnel
roperating the planner for an. "upstream process”. (i.e.-, a process which
is perforned earlier during production of a final product) nust cross
-reference or otherwise relate the proposed production plan for such an
Eupstrean1process step with the proposed production plan for a downstream
process step (i.e., a sequentially later process which is required to be
performed in order to produce a finished product). It is necessary to do
so in order that the personnel can identify any factors present in the

"downstream proceggy;biidkho IeAd 6190, C@ﬁi@h%i@”aﬁl&é&“ﬁyréﬁéaﬁm'ﬁatﬁ}ﬁ?t
_and Trademark Office: on February:3, 1994. S
: --Both® United Kingdom Patent No. 2,219,109- and U.S.
.application: Serial No. 08/116,730 are expressly. incor-
5 '~ .porated by reference herein in their entireties.. . '

- Accordingly, -one object -of -the present invention is to
_providega;production-plan generating method and a related
apparatus: for rapidly developing an optimal production plan

10 - for-a:plurality of interrelated production processes or

(T- : .- steps;  which' takes the respective.. limitations .of the
) processes, . and -the relationship. between the steps, into
. account. when. generating - an .overall production plan for

- . producing a final product.. : S »

15 . - In:order to achieve this object; -a production plan
- generating..method is provided in accordance. with the
present :invention which first generates a production plan

- for those process steps which are plannable based upon the

- receipt of basic data relating to, e.g., the production

20.. - equipment to be used in such processes, process-data which
is-specific to each process, and data relating to the goods

to be produced. Thereafter, the method involves generation

- of a-production plan for those processes which .axe plan-
“‘nable ﬁSiﬁg'previously'generated:productiongplan data and

‘25" . thé-above-noted three types of -data.  Thereafter, this
- ‘latter-planning ‘step:is ' repeatedly executed .in-order to
' gerlerate prodiction plans for: the ‘remaining: steps of the

- ‘process;~ while:-all the. time:saccdumulating  the generated
: product:.on “plan -datafor each: of’ ‘the requixed: process'

30 steps. : B o

| ' 7" More® particularly, when ‘there are a plurality of

chronologically sequential process steps in a production

' process, the production plans for the downstream processes,
" i.e., the proceésses which occur later:during the production
i 35  of a final product, are generated first. Thereafter, final
| IR ——— ‘
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Date" 13 MAR 1997 3 conditions, requirenents, or factors relating to
the "upstream process” (e.g., the volume of product-required by the
QOm@strean1process) and to thereafter i nput any such conditions as
ffeedback to the production plan generator for the upstream process. The
generator must then run again in order to generate a production plan for
:the upstream process that is conpatible with the requirenents of the

10

15

20

30

35

25

parameters’ for" the “data -relating ‘to. "needs," -i.e., the
product part*number“and/or'type.'aﬁd?the'quantityior such

'products which are to. be "produced during the upstream

processes, and whethexr such upstream processes are to be
divided -or . combined, . are then . generated; these ' final

parameters are based upon the production plan data which

" has already been ‘generated for the downstream pxocesses,

component configuration'data for controlling the production

- of wvarious’ parts and - components at: each step of the

production process, DIroCess data for the upstream proces-

_pes,:-and inventory data for the downstream - processes.
‘Production plarns for each of ~the upstream processes are

then. sequentially generated :{until a plan for the earliest
in time step has been generated) in order tc satisfy the
tneeds" data. ~ In other words, plans are sequentially
gene‘rated' for all reguired products and components, in a
chronological order which is opposite to the order in which
the steps’ need to be performed:.to produce a final product.
. - In order to sequentially develop prqduction_plans fox
a - plurality. of  processes, progressive control-.of plan

- generation. is.. performed . ‘using. -the process data,
- process/procéess limitation .data, and production plan
“completion data .for each process. This makes it possible
. to..search for. and . identify any processes for -which a’
producticn plan-has not yet been .generated, -and for those
.processes which will not be restricted by the :limitations

of other ‘processes for which a production plan has not yet

" been*generated, :in:order. to be able. to identify . the next
Y prOCesSes or:st‘eps.-:'for which production plans: are to be

generated. .
_In order ‘to achieve these and other object:s of the
present . invention, the production plan generator in
accordance with the present invention comprises. an input
device for -entering basic data relating to . production

equipment, process data specific to each of the plural
-
-7-
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ownst r eam process.

In other words, the operator of the systemwhich is

dedi gned to produce a production plan generating programfor an upstream
process cannot operate in ignorance of the later, downstream processes
which are required in an overall production plan, and in fact requires

information from

the later in time (during production of a given

final product) downstream processes in order to be able to properly plan a
given upstream process. As an exanple, an operator woul d have to know the
vol une of product which is going to be produced at a downstream process

step, and the date ByowBkglst sy Beedst 0idroPredluced, tREd dWigai1MEp¥B8ct icn

they are produced
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I n order
process,- and:.produced ~goods. data, first memory means for

storing the entered basic data, process data and. produced
goods data, and a first production plan’ generator for
determining the processes for which a production ‘plan can
be generated bassd upon only ‘the basic data, 'the process
data, and the produced goods .data stored in-:the first
memory‘~means.'- . The - generator also includes means for

. .generating production plan(s) for the selected prccess (es).
A second memory is provided for storing the production
- plan data which is® generated and: then-output by the first

production plan generator,:.and a second production plan
generator is provided for determining the processes for
which a'production plan can’'next be generated based upon
the basic data, the process data, produced goods data, and
the previously generated production plan data which is
stored in the second memory means. The second production
plan generator generates production plan(s). for selected
process(es) or steps, and stores the production plans which

- result in the second memory, and then repeats this’ sequence

in order to generate production plans for ' all’ of the

‘remaining processes which are requlred in order’ to produce

e

a desired final product. 7 -E0 07 JICENE)
By using ‘such a production plan generating method,
production plans’ are first generated for those “processes

among -the- plural’ processés that can be- scheduled based
- strictly upon known conditions, e.g., the “basic data
"related to-‘the -production equipment to be ised in the

“process, - process data which 'isspecific 'to “eéach ‘process,

and produced goods data.  Production plans -are then
generated for those processes which can be planned using
the resulting "pre-generated production plan data', which
is supplemented as needed by certain known condition data.
The production plans which result from this last generation
of plans ‘are then accumulated as previously -‘generated

-8-
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to accurately execute a final production plan for an upstream process. In

many factories,

however, goods are manufactured through a series of plural

production process steps. Thus, while the systemdescribed in Figure 6
constitutes a conventional. planning process which optinzes the produc-

tion plans of
products, it
specific process,

I ndi vi dual processes or steps used to produce final
I nvol ves devel opi ng production. pl ans dependent upon each

or- a:-nunber of processes, or devel oping separate

production plans for each process; and such a systemdoes not interrelate’
all of the.procesgafodictilPplan@thsr ehlr eheanpebeeBhi 15 Zeepbted for all
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vof - the remaining steps-or:processes in the overall produc-

tion process until production plans have been generated for

_all such processes which . must be performed in.the produc-

tion process: :As a result, production plans -are generated
in such an order that priority {in terms of the time when
the plans are .generated) is-given to those processes for -
which . production plans can be generated based only upon
known conditions, and which. are not dependent upon the

- chronological, spatial, or other relationship which exists

between various. production: processes or steps (e.g., the
ultimate or other downstream manufacturing step). In this

- way, the requirements that must be met -for- all of the

remaining processes are. gradually satisfied, and a coor-

~dinated planlis developed which will be appropriate for the

overall -production -and for-: all of .the';process‘ steps
required. L S e . '
Further, an optimal production plan which mirimizes

- the time. lag between. chronologically sequential processes

can be generated for manufacturing processes involving the
assembly of a plurality of components, manufactured in
plural upstream processes;sinto a single final product or
paft in a downstream process. Such an optimal plan will

- result if, when a plurality of_thoqplogically seqguential
-_processesaare;usedh;;he“production plans for downstream

. brocesses -are,first_-generated,-_-_a_nd thereafter "needs" data,
. which. includes the product. model . number or type, and the

quantity ox volume of goods which need.to be produced in-

mthq,ups;ream:processesi.asﬁwe}ljas whether such processes

are. to be divided or combined., is then generated. Such
generation. is based upon, .e.g., the previously generated
production plan data foru;hé,downst:eam'processes, com-
ponent  configuration data relating to component. part or

.. type numbers in each step of the process,. process data’

relating to.  the upstream processes, and inventory data

-9-
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productlon plan for an overall production process which involves a series
‘processes and/ or conponents to produce a final product. I n
qrdgr to overcome such a deficiency, personnel working with an upstream
process nust This is the replacenent sheet Date: 13 MAR 1997 4 Serial
No.. .08/ 116, 730 which was allowed by the U S. patent and Trademark O fice on

tof steps,

February 3, 1994.

~
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relating to- the ‘downstream processes. ~This process thus

“serves ‘to ‘generdte production’ ‘plans for “the upstream

processes, which will satisfy the final parameters which
are necessary to complete the production of - the final

‘product by the system-in‘an efficient’ fashlon

- Purther, appropriate production plans for each process
or  step- can-be generated in. accordance with ‘known con-

.ditions at -any given point in- time, without' error, and in

an- appropriate seguence, by monitoring the’ progress of
production plan completlon.based upon process ‘data, process

‘step requirements data, and production plan completion data

for each process; identifying those processés or steps for
which production plans are'still incomplete and whose plans
are neither limited by nor dependent upon other processes
for'which'production’plans have not been generated, ‘and
thereafter defining these identified processes as the next
processes for which production plans are to be generated
during the sequential development of production plans for

' the plurality of processes or steps required to manufacture

a given final product. " BN« R

" Thus, by using a productlon plan generator in accor-
dance with the: present invention, ‘basic data’ relatlng to
production equipment, process data which is“specific to

" each -of the -plurality of processes oOX steps, ‘and produced

goods ‘data’ are stored in a first memory as-such data ‘is

' ‘entered via ' an input "device. - The processes for which a

production---plan can  then be ‘generated are - ‘thereafter

" ‘determined by the' first prodiuction:plan- generator, based
“only:upon the data which ‘is stored in-a-first memory area,

then generated, and thereafter stored as pre-generated
production: plan data in a second memory area. - A second
production - plan generator thereafter determines the
processes: for which production 'plans can then be generated,
based upon data which is stored in the first memoxy and the

‘pre-generated production plan data which is stored in the
___——————-———_’_‘—'f—__—
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Both United ki ngdom Patent No. 2,219,109 and U.S. Serial No. 5 08/116, 730
are expressly incorpoarted by reference herein in their entireties.

Accardi ngly,

one object of the present invention is to provide a

production plan generating nethod and a related 10 apparatus for rapidly
devel opi ng an optimal production plan for a plurality of interelated
production processes or steps, which takes the respective |imtations of

t he processes,

and the rel ationship between the steps, inot account when

generating an overall production plan for 15 producing a final product.
According to the i #eseRdonmemoayf i r genaspbes, predackion. plan(s): for the
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- selected process(es),  .and .then . stores the..resulting

production plans in the?secppd memoxry area. __Ihe second
production plan generator repeats this sequence in order to
generate . .production plans for all remaining processes for
which production plans have not yet been generated. as a
result, simply by inputting initially known data, produc-
tion plans can be automatically generated, with plans first
being produced for those process steps for which production

plans can be generated based only upcn known conditions,

irrespective of the -chronological, spatial -.or other
relationship between production steps.: This -system thus
gradually meets all gofnfthe__:equirements that- musc be
satisfied for all of the remaining processes or steps, and
thereby develbps -an overall production plan which-_is
appropriate for all of the processes needed to manufacture
a final product. ) . . : .

A production plan generatlng apparatus is prov1ded for

_generatlng_a“plurallty of.prpduct;on plans, in:sequential

order to produce a product, for a downstream process .in
which said final product .is to be produced, and for a
plurality of upstream processes -for producing components
which are .used in forming said final product from a
plurality of components._}The production plan generating
apparatus compriges an input. device for inputting initial
data_ including -data relating to said downstream process, a
first memory area for storing said initial;data, a first

- production plan generator for generating data relating to
-a first upstream process which needs to-be-performed, in

.order to produce said final product, before said downstream

process is performed, said first production plan generator
generating a production plan for  said first upstream
process, based upon at least some of said initial data, a
secoﬁd memory area for storing said plan generated by said
first production plan generator,- and a second production

[
~11-
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prOV|ded a production plan generatlng apparatus for generating a pIurallty
of production plans for a plurality 20 of different products, in

sequenti al
product enpl oys at
di fferent products,
and for a plurality of upstream 25 processes which are

order,

to be produced,
used in formng said final product froma plurality of ‘conponents, said.
production plan generating apparatus conprising: an input device for

inputting initial gaka ifunewlitisr débe Hureratidie BepASRBYTorEh88En for a

- .-\.
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for producing a final product, in which said final
| east one conponent common to said plurality of :
for a downstream process in which said final product is

second. of said upstream processes,wherein the plan which
is generated by said second productlon plan generator is
based upon at least the plan stored in said second memory
area, ' and: wherein said second upstream process must” be
performed before said first:upstream-process is performed
during manufacture of said final product.

The second production plan generator comprises means
for segquentially generating a production plan for each of
an additional plurality of upstream processes, wherein each
successive plan generated by said second production plan
generator .is based at least partially upon the production
plan generated: fcr: a. sequentially previous . upstream
process. The initial data includes basic data relating to
the equipment  required to produce said final product and

- all -of “said components, -and production data. specific to

each . component . and' process which ‘is required ‘to produce
said final product. - The apparatus further. comprises a
parameter generator for generating a plurality of process
parameters for use by said second production plan generator
in generating production, plans for said.second and ad-
ditional upstream processes. :

The .parameter 'generator comprises a . system for

generating preliminary parameters, - said preliminary

- parameters comprising the:-types of specific components

which must be produced in a  -sequentially prévibusﬁupstream

.. process, and the exact quantity of: said specific. components

which will need:tc:be. produced- in-said secuentially later

©ioupstream process, -and: a. system for generating final

30

35

- parameters which comprise the ‘actual quantities of the

specific components which must be produced during each of
the second and additional upstream prccess.

The invention is also :directed to. a production plan
generating method for generating production plans in a
chronologically sequential order, for a downstream ?roCéSS

-12-
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Daté:
is'to be produced;

5 relating to sai d downstream process in which said final product

a first nmenory for storing said initial data; a first

production plan generator for generating a first 5 production plan
including data relating to a first upstream process which needs to be _
performed in order to produce said final product, before said downstream
process i s perforned,

10

15

20

125

- .30

35

in which. a final product:is to be  produced, -and for a

- plurality of upstream processes which are required to form
- said final:product from a plurality of components. <The

production plan generating method comprises the steps of
inputting initial - data dincluding ultimate - downstream
process .data which relates .to the final "product to be
produced, storing said input initial data, generating first
upstream process data based upon’ the .initial input data,
said upstream process data relating to one of.said upstream

processes. ‘which precedes production of said final product,

storing said .first upstream process data, and genexating

-additional upstream. process. data ' which relates to an
- additional upstream process which occurs during production

of said final product, .said additional upstream process
data .being based - at' least: partially upon said first
upstxeam process data, 'wherein said additional: upstream
process must be performed before said. first::upstream

. process: 'is. performed during . production of - said final

product ; L
. The method furthex comprises repeating step - (e), based
upon the .most recently-:generated additional -upstream
proéess data, until no::further processes. need to be
performed 'in .oxrder to form said: final product.

In -another:aspect, the present invention:is-directed

" to a :system for generating an:overall production:plan for
- producing . £inal: products, wherein each -ofi;said £final
. products ‘is . comprised of. a plurality of components, said
. system  being provided ‘for::generating :a plan:to:rdetermine
'athe:tihing:of“a plurality of-seguential.process-steps used

to produce said final products, and::the:volume;0f final
products-: and components which rare to be- produced. The
system comprises a device .for:inputting data relating to
the volume of each final product required to be produced,
and the date by which said required volume of said final
products are required to be produced, a memory for storing

TR

~13-
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_sald flrst production pl-an generator generating said first productlon pl an
for said first upstream process, based upon 10 at |east sone of said
dinitial data and upon overall manufacturing process information; a second
menory for storing said first production plan; a second production plan
‘generator for generating a second production plan, that is stored in

anot her nenory distinct 15 from the second menory, for a second of said
upstream processes whi ch needs to be performed in order to produce said
final product, before said downstream process is perforned, wherein said’

second production apl tgggeEg&egaggs_%nggo$ﬁdd@@sgqsgédpfzidcmced said

S
product.i on plan store?:lté -
. - data :tree. comprising iinformation: regarding the number and

types of componen_ts which are reguired to produce;--each said

;. final . product, -for: storing. the sequence in which said

5 process’: steps must be performed in ordexr to produce each

 said final: product, -and for storing data relat;ng to the

- time required-to perform each of said sequential- process

‘steps, -‘and‘ a production ~plan  generator apparatus for

- generating separate production plans for- producing said

10 - .final - product- and performing each of said steps, said

overall .production plan- Jncludlng-the sequence.ln which

said steps are to be performed and the volume of components

which-must be produced during each  step, ;as. well as the

. date. by which  each step must ‘be performed . in order tc

15. - produce  said final product in the required volume and by
-the required date. SUNEENE L _ .

.The-. device: for 1nputt1ng data -comprises means for
finputtlng”dataqregardlng.a;plurallty_of different final
products:. : At least one of said plurality of .final products

20 has at least one component;which.is;required_to:be used to
manufacture said at least one:final product in common with

- a second-one of said piurality of different final products.

_EBach- of- said final . products. is: to be . manufactured in
raccordance with:._a. _predetermined sequence, whereln said

25 .. . segquencexinvolves:a downstream:-process step in Wthh the
final product. is assembled, and. a plurallty of sequentlal
--upstream steps:in.which the. components which, are required

to- manufacture . said . final. -product are. assembled,. wherein

A

.:»said’ production plan. generator apparatus 1rcludes a first

30 production plan generator and a second production plan
generator;-said first production plan generator comprising

_means for generating a plan for producing a final product

in accordance with said downstream process step, based.upon

_ ‘data input by said device for 1nputt1ng data, and wherein -
35 . said second. productlon plan generator comprlses means for

-
-14-
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:26' sai d second nenory, and wherein said second upstream process is-
~performed during the process of manuf acturing said final product; wherein

said first production plan generator is provided for generating production
pl ans whi ch are independent of the 25 requi rements of any other processes.

or steps and which can therefore be generated before receiving information

relatitng to any other processes or step; and wherein said second productlon

pl an gener at or

10"

15

20

25

30 -

315

i's provided ThIS is the repl acenent sheet

generating a plan for performing each of said upstream

. process steps.in-accordance:with at least some. of 'the data

input by said device for inputting data, and in accordance
with data'relating to an immediately preceding process step
which is required to produce said final product. - -

" The production plan generator apparatus. includes a
parameter.igenerator, said- parameter generator including
means for generating a preliminary parameter and-means for
generating a final parameter, gaid - means for generating a

-preliminary-parameter:including means for extracting data

regarding an jmmediately - preceding.’ downstream. process
production- plan, process data, - ‘and  tree construction data
relating to the -components of: the £inal product to be
produced, from said memory, ‘said final parameter generator
comprising'neanslfor“extrécting:inventory.datawand com-
ponent lot size manufacturing data from said memory. Each
of said ‘production plani-generators comprises means for
generating a production plan for controlling a plurality of

‘machines ' used ‘in- different "process - steps :required to -

produce said final product .’

Means -are prov1ded for ‘controlling productlon of said
final products in accordance with said overall -production
plan generated by said--system..- . The system includes a
printer“*fdr'*printing-'each- production plan. which is
generated by "said ‘system,’ and a -display device for
dlsplaylng~each production ‘plan which 'is generated by said

'*'sYSteﬁ}iand"thé"nemo:y”EOmpfiSES-a'RAM.-*MeanSfare also
" pfofided“for*conérollingiprbductibn“of each-final product

in acécrdance ‘with said overall production.plan generated

~ by“said system.

A method ‘is also provided for generating an overall
production plan for producing final products each comprised
of a plurality of components “'The overall production plan
governs the productlon of said components and "said final
products in a productlon process’ ‘including a plurallty of

- 15-
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6 Seri al

No. 08/116, 730 which was allowed by the U.S. .patent and Trademark

O fice on February 3, 1994. Both United ki ngdom Patent No. 2,219, 109 and
U S. Serial No. 5

herein in their

08/ 116, 730 are expressly incorpoarted by reference

entireties. Accordingly, one object of the present

I nvention is to provide a production plan generating nethod and a rel at ed

10

apparatus for

plurality of inter
respective limtations of the

rapi dly devel opi ng an optimal production plan for a
el ated production processes or steps, which takes the

;sequentlal process . steps, .. -said - sequential  process steps

~including .a --downstream . production . process.. step which

10

produces said final products, and a plurality:of upstream
production process steps for producing 'said components.

The. method -comprises inputting and storing basic data
relating to said production process and production data
regarding the volume of said final products' which is
required to- be produced, and the;  date by which said
required - volume - of <final products is zrequired to be

-;produced,,generating-and;storing;a first production plan

~for producing said -final - products in said ' downstream

- 15

production process step, said first production plan being
based upon--at. least some, of said .basic  data and said
production data, generating'and,gto;ing a second production
plan for a first upstreain process step preceding said

-downstream process step, based upon at least some of said

.20

25

basic data, said production data and said first production
Plan, determining whethex any-additional upstream processes
require_planhing,hand if any additional upstream processes
are identified -as requiring planning,:.generating and
storing a third production plan for an additional upstream
process step which has not yet been planned and which must
be performed before the first upstream step is performed
during manufacture of the final products, based upon at

-least-some .of said basic data, said production data, and

"he second -production plaan. . . -
" The-. method further . comprises generatzng and storing

- overa.ll--.productmn plans.for a plurality of final products,

30

wherein at,least"two-of said. final products to.be produced

- .have at least one comporent.in common.  The method further

comprises . printing said - overall production .plan, and
displaying said production plan. _
The method further comprises repeatedly determlnlng

__wbether_ any reguired upstream process still. require

35

planning, -and then generatiﬂg_aﬂprodugpion_plan for the

This Sheet Has Been RTi aced
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processes, and the relationship between the steps, inot account when
‘generating an overall production plan for 15 produci ng a final product.
According to the invention in a first aspect, there is provided a
production plan generating apparatus for generating a plurality of
production plans for a plurality 20 of different products, in sequenti al
order,” for producing a final product, in which said final product enploys
at | east one conponent common.to said plurality of different products, for
a downstream process in which said final product is to be produced, and for

a plurality of. upshpgaRsdguenl’aieIRt relaht hRicksssaskéy tOrBengezBbemednan

product fronl_

10

20

35

30 .

iproduc1ng gaid-final: product; “each time that" any upstream

process steps :are determined to '8till -require  planning.

" Then, ' a final parameter relating to the-volume and type of
- ‘components which must be produced in the next process step

 to be'planned is generated, prior to the generatﬂon of each

.. of said upstream production plans.

[l

The method further ‘comprises producing "said £final

‘parameter by extracting from a memory production ' plan data
‘for the sequentially preceding plan, construction tree data

relating to the component which-must be neéxt produced, and
process specific data, generating a preliminary pdrameter,

‘and ' modifying the -preliminary ' parameter, “in“'order to

generate a final parameter after extracting inventory data
andvcémponEntf10t'size“f&mﬂ’memory. Then, - the wmethod
jnvolves: controlling the production of each ofsaid final

.products and each of said- components in ‘accordance with

" gsaid overall production plan.-

'ﬁThefpresent=appllcatlon-1s~ba8ed upon Japanese Patent

EAppliEation';Serial ‘No. ' '4-318,822, -which  was™ filed “on

“November 27,71992, the entiré content of which is expressly
'llncorporated by reference herein. : o

..:.The: ‘above and other ‘objects, features and:advantages

“::pf - the présent’ invention will’ become more fully understood

and apparent from the detailed:description which follows,

and as-shown'in thé drawings attached hereto, in which like

i reference’ nimerals ‘are used throughout ‘the: severidl®drawings

V~to de51gnate ‘similaxr parts, ‘and’ ‘wherein: = & wunsiv

~Fig.: 1 isg a schematic diagram of a production plan

'generatlng apparatus which-is used to ‘execute. the produc-

tion plan generating method of the present invention;

- 'pig.2%is a schematic representation of a parameter
generator which is adapted to- obtain the final parameters
for upstream processes in- the production plan, ‘based upon

This Sheet Has Been Rei
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a plurality of conponents, said production plan generating apparatus
rconprising: an input device for inputting initial dat a ‘i ncl udi ng data

7 relating to said downstream process in which said final product is to be
produced; a first nenory for storing said initial data; a first production
plan generator for generating a first 5 production plan including data
relating to a first upstream '

10

15

20

N

25

35

the production plans of downstream prccesses,” as viewed in
a chronological sequence of processes used :in the overall
manufacturing process for a given final product;

Pig. 3 is a flow chart representing a basic process
for efficiently  and  sequentially  processing - production
plans for. a plurality of .processes or steps used in a

~manufacturing process, as the number of known' conditions

increase; S ST _ .
‘Figs. 4a, 4b and 4c' represent an .example set of

different. plan levels of a process layout  for: producing

final products, and schematically illustrate the various

.machinery and/or stations used in a production process;

 Pigs. 5a .and 5b represent : tree .configuration data
relating to the type and volume of. components ‘which are

. necessary to .produce a ‘given final -product, 'and also

indicate similar infoxrmation regarding the sub-cowmponents
which are necessary to form the components used to assemble

the final product;
"Fig.”'6 is a block diagram ‘of a’ known' product plan

- generator assembly;"

Fig. 7a is a flow chart representin’g 'se've:ral of the

accoxdance with the present-invention; '
‘Pig. 7b is a flow chart.showing a modification of the

Pkt . ~ 3

“"£low chart - shown din Flg 7a,- LT e s

contxol two assembly - ‘1ines3%in+ accordance 'Wlth a plan

-produced by ‘the present: system; - @w = 1an el

"..Figs i 9a and'9b, respectlvely, schematzcally'represent

~the machines used in two ‘different assembly productlon

lines for manufacturing finished products;- and
Fig. 10 is a flow chart -representing the basic
operations performed by ‘a- parameter generator ‘which forms

part of the present system

Sheet Has Been Reﬂlaced -18-
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process which needs to be performed in order to produce said final product,
before said downstream process is perforned, said first production plan
generator generating said first production plan for said first upstream
process, based upon 10 at least sone of said initial data and
upon overall manufacturing process information; a second nenory for
storing said first production plan; a second production plan generator for
generating a second production plan, that is stored in another nenory
di stinct 15 fromthe second nenory, for a second of said upstream
processes whi ch..needs.: Mheh Gyptich0 SR tHa p&fed;@h*t fnpention 93 GdHpiE to be
pr oduct, before sagjégnggégfgc rocess

with respect to'products involving a plurality of assembly

‘lines or processing steps which must be coordinated. This

- 5 - process "and ‘assembly “line’control: system are thus designed

to coordinate ‘the: production'.of .finished. products from a

" plurality of parallel and/or sequential assembly lines for
manufacturing different components which are used: to make

) final- products; - and :can*be:used either with a single

10 ..  assembly line orwwiéh_a plurality of assembly lines. while

‘the ' present invention: is. applicable to many  types of

. products made in accordance with:such processes,:Applicants
‘note, by way of non-limiting example,. that -the production
planning .process could be:uséd,ve.g,, for generating an

1s -overall production - assembly plan for producing. "printed
. circuit boards, televisions, or -automobiles..  “With such

-products, ‘it is.possible-that related-products-(e.g], a 25"

television and a 20" television, two different automobile

- models manufactured by the same company, ‘or printed circuit
20 boards having a similar base but having different com<
ponents) may include one or more-component parts in common.

- The presentminvention is;notfpnly adapted to be used to
generate -a production;plan;;or;a;single finished producrt,
but. is -also well ‘adapted for.use in situations in wvwhich a

25 company may be faced with the -need to produce a number of-

different products:at.the:same. .time,. which products have

- one ‘'or more components 1n common. T

é In the case of-.a: ;uunted c1rcu1t board,ae g., the

{ ST -_;__.f::.nlshed -or;:downstream.product may:be the printed circuit
| 30 _ board, with the  components comprising, for example, :a
laminated : base,  one " or -more - m_odules-,__- and one ' or wore
electronic components. If the manufacturing process is
directed to-producing televisions, for example, the final
products could be different size television sets, e.g., a

35 25" television and a 20" television, with common components:

: - —19-
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ﬁefforned, wherein said second production plan is generated based upon at

.least said first production plan stored in 20 said second nenory, and

wherei n said second upstream process is perforned during the process of -

provi ded

KRt

manufacturing said final product; wherein said first producti.on plan

‘generator is provided for generating production plans which are independent
of the 25

requi rements of any ot her processes or steps and which can
t herefore be. generated before receiving information relating to any ot her’
processes or

10

15 |

20 .

25 - =

30

step; and wherein said second production plan generator is

‘including, e.g., -certain ecircuit- boards, and *-different
compone'nts .including, e.g., ‘different LCD assemblies. As

another non-limiting example: herein, the Z£inal” product

- could. . include -different . automobile wmodels of 'a single
- autcmobile ~ménufacturer, with the different components

including doors. and common components including radios,

' switches or door handles. '

Thus, as ‘can be seen from the above examples, the
applicability of the present invention is quite-wide in
scope, and none of the examples which have been given

- . herein.is intended to limit the application of the inven-
.. tions~- The application . is’ thus‘' broadly applicable to -

_planning production for a variety of manufacturing proces-
'ses, as can be used in the. fashion set forth hereinafter.

Referring now. more ~specifically to the ‘invention as
described in Fig. 1, :an..illustrative -embodiment of a
‘production plan generating apparetus/assembly according to

- the -present invention’ is  illustrated. = This:.apparatus

includes an input device.14, e.g., a keyboaxd, for entering
initial known- data, and:a.memory 11 having a basic data

- storing area 21, a process specific production data storing

areaszz._and”aeplan result .data storage . area. 23. The
production plan generating . apparatus further. comprises a
central processing unit-{i.e.,»CPU) 1, a display device 12

. and ‘a: printer: 13, for respectively displaying and printing

‘a: generated production plan. w::
-)CPU- 1 -has a first production 'plan generator 2, a

--parameter - .generator 4% fortw generating a -variety of

parameters used :in . the production planning process, and a-
second production plan generator.3.

The first production- plan generator 2 generates
production plans for those processes that can be planned
using-only -initially known data, e.g., basic data 21 and
process  specific production data 22. . In other words, the

=20~
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8 for

generating production plans wutilizing variable allocation rules
-whi ch are dependent upon at |east one other process or step and require
information fromat |east one other production plan before generation of a
second 5 production plan, in order to determine a production schedul e for
producing said final product in accordance with an availability of said at

| east one conponent comon to said plurality of different products. 10
Preferably said second production plan. generator conprises '

i0 -

15

20

":-areas,-_ and thus stores a variety of data, including initial

30

35

- downstream) production processes::

first:, pfod_uction plan generator -2 is provided for

. generating appropriate production :plans as-part of an

overall, . final production process; based upon: parameters
which are in turn based upon data.received from the basic.
data storage area 21 and production data storage ‘area 22.

- Thus, production plan generator 2 is . provided for

generating production plans which are. not dependent upon
the requirements of any other processes or steps, and which

-can be generated before- rece_iving information relating to.

such -processes or steps.:
-Second . production plan generator 3 'is ‘provided for
thereafter gererating production plans for those processes

. that can only be properly planned using both the . initially

known data and production plan: data which is. ‘previously
genexated by the first préduction.plan generator 2. In

. other words, second production plan generator 3 is provided

for generating appropriate.production plans for production

-processes, “other than .the .final (i.e., the downstream)
‘actual production pxocess,. based upon parameters received
.~ from parameter generator 4. This second generator thus

generates production plans for. those upstream. pzfioductio"'n
processes : or:.steps - which::are dependent upon .the re-

gquirements. and capabilities of later performed (i.e.,

..Memory:1l.includes a plurality of information storage

known data which is input.viarinput device 14, plan result

--data~which. is ' generated by 'the <£irst pxoduction plan
- generator ‘2. and stored in data storage-area .23';-'"'as;'well as
“plan. result .data which 'is -generated by- second" production

plan generator 3, and then stored:in storage area:23.
 Basic data storage area 21 stores data/information

“relating. to’ production ‘equipment . used in: the ' various

processes in an overall wmanufacturing process for-.a given
final: product, such as the number of buildings which the

=21~
eet Has Been Replaced

R



neans for sequentially generating a producti-on plan for each of an
additional plurality of upstream processes, wherein each successive .pl an
generated by said second production plan generator is based at |east
partially upon a production 15 plan previously generated for a
sequentially adjacent downstream process. Preferably said initial data

I ncl udes basic data relating to the equi pnent required to produce said
fi.nal product and all 20 of said conmponents, and production data specific
to each conponent and process which is required to produce said final

product. Preferabl¥atbherPRACALESs] UEhBChURBEAP bFCRs SeMBI#MRiREs 1ocated in

R
L

‘15

20

25

.30

35

- each ‘building, and:the:numbér:iand type of ‘machines in each

line. R :
.:Production data stored at storage area 22 comprises,

" .“in this embodiment, ‘process data which is specific to each

- . process:or:step required to manufacture a final product, as
‘well as'data relating to the goods which are being:produced -

{the latter data being referred to hereinafter as:*produced

.. goods ‘data").. More specifically, pxroduction:'data:includes

- the number ' of: .final goods.or.products (and, -where ap-

plicable,  the model number or type):to be produced, the due
date by which each of the final products must:. be produced,

‘and ' compcnent - tree configuration data-which incorporates
- information relating to the number and type .of components

which are required-to make a final product, illustrated in
a. :tree and. branch: confiquration ' which ‘also.includes

.information relating to:the number and .type sub-components
“required . to manufacture each component. Production data
" stored at area 22 further includes-assembly ‘step:data which

specifies: the .specific .machines :which are: required ‘to

- manufacture - various: components as well..as:.the final
~ product, production rate data: which specifies the amount of
time required to'make each.component or final product which
.v.:.isr to:be produced in the production. process,.lot: size data,
~:which specifies- the wvolume~of:each component tor final
::-product-which. can be produced;in:a~single.wcrking:operatioﬁ
corunyi-the: time ! (e.g.,’ number .of - hours). required-for each
<such working.operation run, inventory data relating to the

number:of, f£inal:. products. and/oxr components-which have
already.been produced, and o;hergrelevant.data;relating:to

- the production process.

As. noted previously, any given manufacturing process
includes -a:final  downstream process or step, which involves

_the assembly of .the final product. to be manufactured, an
~initial upstream process or step in which certain sub-
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25 generator for generating a plurality of process paraneters for use by
-sal d second production plan generator in generating production plans for
sai.d second and said additional upstream processes. Preferably said
parameter This is the replacenent sheet Date: "2 JUN 2000 9 generator .
conprises a systemfor generating prelimnary paraneters, said prelimnary
paraneters conprising the types

10

15

20

25 .

30

.components or components . are manufactured, and:'a ‘plurality

of;intemedi’at.e___;pr_océsses-._-or.-:-st:eps . Processes .Oor. steps are:
referred to herein as upstream or downstream with respect
to the time :at- which ithey take :place during an overall
manufacturing process; and, therefore, other than the first
and last steps, all steps can be censidered ‘both upstream

- . and downstream. Applicants further note that :other than

the  final downstream assembly step, all other stéps can be

-considered upstream steps;-and:that other :than :the first

and last steps in-a process, each .other step:may.be either
upstream.or downstream, dependent upon the:step. that it is
being.related to. MO S Cod

. The process or.step.that can. be planned by..the first
production plan generator 2. is generally considered a
"downstream” . process, and “those processes which can be
plénned by -the second production: plan. generator 3 are
generally referred to .as‘.upstream processes.:in this
specification,  since the second generatoxr uses:‘the data
from-previous "downstream": processes that have been planned
during ‘a previous calibration. or calculation:= More
particularly, first production plan .genrerator. .2 isutilized
for generating "downstream process" data using ‘ultimate

- downstream process". data, with the seccnd :production plan

generator .3 . being .repeatedly :used. to generate ‘upstream

process ‘data susing intermediate downstream process data,
and so.on." In this case,’ ultimate =sdownst’re‘am':process data
-. is’data.input through input:device: 14, i.e.;: datax ‘relating
“to “the:x pr.oduc__tzon -of the f£final product™ wh:.ch-:-'l's to be

produced by the plan, with:’ intexrmediate downstream process

‘data’ being :internally developed - data, relating to the

production plans for various. production: steps, which is
prepared by the first production plan  generator 2 O
(later) by the second production plan generxatox:3.

 An upstream process is a process which may be affected
by, i.e., which will be limited to or restricted by, other -
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of conponents which nmust be produced in a sequentially |later process, and
'the exact quantity of said specific conponents 5 which will need to be
produced in said sequentially later process, and a systemfor generating
final paraneters which conprise the actual quantities of the specific,
conponents whi ch nust be produced during each of said second and additi onal
upstream processes. 10 According to the invention in a second aspect, there
is provided a production plan generating nethod for generating production:
plans in a chronologically sequential order for a plurality of different

products, for a d%ﬁ&?ﬂuﬂ’%“a‘%ﬁ?rocesses thus, -the upstream processes can
.~ be determined. only aftex the closest adjacent {in time)
.downstream process has been planned. When it is determined
that a-plurality of processes are ready to be planned by
5 . the fifst»production plan generatoxr 2 (e.g.,~when X and Y
data are together received) or to.be next planned by the
second production plan generator 3, the production plans
. for these;processés can be -developed in any order. This
could occur, e.g., with respect .to process .steps which
id : occur a;,paraliel levels within a production process, for

¢ _ which thg specific order . of performance is: not:critical.
N . Figs. 4a-4c represent three different planning levels
‘used in generating a plan for producing 100 final products
‘X and 100 final products Y, e.g., where X could comwprise a

15 = 25" television and 'Y could comprise a 20" television.
.Aifeinately,.x énd Y could each be final products to later
“ be assembled together. . As:shown in- the far left hand
ﬁorﬁiﬁn_of_?igf”4a,_data,ipput-at-l4 in Fig. 1-will show

_ - that one -customer requires 100 of product:X by March 1,
20_  _Wlth another .customer: requlrlng 106. of. product:. Y. by March
2. .This .data for products X and Y is 1nput through input
.dev1ce 14 and. is referred to as rultimate :downstream
_ '.pr'pt_:e_s;sj_':”.‘. jata,. . since it 1ncludes .the customer .date and
N o quantity reguirements fox, tinal products. . The productlon
ﬁs_ .?-data memory . area 22 includes component tree: configuration
| ..data,(shown.,n,glgs. 5a and Sb, respectively) for the final
product..X -and final ; product . Y. -This component tree
.. information includes the number, of final products which are
__ ?.requ:xred (e.g.,.100 of X and 100. of.Y), as well.as. ‘showing
30 . .the.number of.. components and/or sub-components - -which are

S required to make each final product X and Y, respectively.

In both of these figures, .the numbers shown in parentheses

..show thé“.ﬁumber..of .parts necessary to ‘make: . a. single
. componem: or part represented by an :meedlate parent node
35 ‘on the tree. For example, & . 51ngle final - product X

=24~
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15 in which a final product, which enploys at |east one conponent conmon to
said plurality of different products, is to be produced, and for a
plurality of upstream processes which are required to formsaid final
product froma plurality of conponents, said production plan generating 20
met hod conprising: a) inputting initial data including ultimte
downstream process data which relates to the ultinmate downstream process
during which the final product is to be produced; b) storing said input
initial data; 25 c)  generating first upstream process data based upon

the initi al_,._ ! O.p.ui;%ﬁﬁp.W%&Wr@ﬂtﬂn%acbﬂé | BSPSREES b ; and to make
-_each?wcomponent:'af“ two sub-components A- and’ three sub-

-.components A are required. Therefore, to make one £inal

o - product X, four A and six A will be necessary. ' The number

5 in each tree which 'are provided under 'the ‘riumbers ‘in

parentheses indicate the normal lot size for each com-
. ponent, i.e.,. the number of  components which 'will be

produced during a single working operation run. -As shown
_ in Fig.Sa, during one working operation run, ‘300 com-
10 _-ponents..:"a" ‘will be produced,. even though only 200 are
| . necessary to make the desired 100 final products X. The
difference between these two numbers, i.e., 300-200 = 100,
will later be stored as  excess 1nventory and used in
further process planning. == '
15 . .. As shown .in Fig. 5b, each product Y requires one
component a and three components c, with each component c
- requiring- one component A and two components Y, with each
component "a'-again reguiring three 8 and two a.
" As shown in Fig. 4a, -the ‘final products X and Y are
20 assembled or produced by different stations or ﬁachinesiil
“and A2, respectively. The number of final-products X and
Y which are required, and the dates (March 1 ‘and Maxrch 2,
respectively) are input as customer requirements (i.e.,
. .ultithate downstream process data) via input device 14. By
25° . using thi's input data, the dites then indicated in Fig. 4a,
. namely, the dperation dates of February 27-February 28 for
! ... ~machiné Al'and the operation dates of “Pebruaxy28-Maxch 1
i - for machine A2 are calibrated/cilculated by first’ produc-
_ “tién- plan’ generator 2. ‘- Plan®: 'Qenérating' ‘systems and
30 --subsystems ‘which may be used to carry out - the functions of
the first -production plan generator 2, ds well as second
production plan  generator 3, ‘are described in commonly
. assigned British Patent 2,219,109 (and its counterpart U.S.
-'applicatibn); which has already been 1ncorporated by

i \‘i\°ﬁi\° -7



I nformation, said upstream process data relating to one of said upstream
processes which precedes production of said This is the replacenent sheet
Dat e: 2 JUN 2000 . 10 final .product; d) storing said first upstream
process data in a nmenory;. and. e) generating additional upstream process:

data, which

10

20

30

35

.The -production plan: which-is:illustrated in Fig. '4a,

. and which is obtained by first .production plan-gernerator 2,

is-stored as a plan result in plan result data storage area
23. -~ The ‘data which is provided in Fig. 4a, relating to

-~ machines ‘Al and A2, will then be considered as intermediate
. downstream - process data fox -calibrating the ' upstream

process data relating to the other machines involved in the
adjacent-upstream processes, i.e.,.in the next step of the
process, machines.Bl, B2 and B3-will be used, as described

. hereinafter. - For purposes .of facilitating the manner in

which the presert product plan generating system and method
operate,  only three levels:of machines, namely, levels A,
B and C, are illustrated. Each of the numbers Al-A2, B1-B3

_and C1-C3 represent a different ‘machire or station for
- producing different componénts or final products. o

'Fig. 2. illustrates::the details of the- parameter

. . generator .4 which is used.for. determining a - variety of
- parameters: needed . to " plan :.-the ‘sequential ‘upstream
- process(es), using "data-collected from data areas 21, 22

and 23,:<vas shown -in Fig. 1:1*'-Parametér‘?generator314
comprises - a - downstream process production  plan data
extractor 32 for extracting downstream process production
plani:data from the plan result: data that was generated

. ...during a’'previous.operation cycle, i.e., for a sequentially
25 o

later -+{during production)*downstream”prOCessi”a”éomponéﬁt

tree configuration-'data‘-extractor 34 for extracting  a
= .portion:of tree configurationidata; examples of-which are
»:4illustrated ‘in-both Figs: 5a-and:5b,;: from production data

..:and . type - of parts which will need.to be produced in the

upstream . process (es); and ‘a process data extractor 33 for
extracting process data (e.g., -time and/or- production

-capability). related td'a:machinery" that is necessary for

making products in the upstream process that occurs just

- prior to-the downstream step for which downstream process
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S relates to an additional upstream process which needs to be perforned in
arder to produce said final product, before a downstream process to finally
produce the final product is perforned, said additional upstream process
data being based at |least partially upon said first upstream process dat a,
10 -.wherein said additional upstream process nust be perforned before said
fi rst upstream process is perfornmed during production of said final

product, the additional upstream process data being stored in another
menory that is distinct fromthe nenory storing the first upstream process
data; 15 wherei ndasai tvasf i estracipsd r ®3m axorastsor daRa . asd . gensral fdinary

i ndependently of t BELRGLLECTERNE Lo AMY 32t e BR3LECAMoon - the . .extracted
. downstream : production :plan data, the process/machinery
data, and data: which indicates “the number of - component
5 . parts:. to--be -produced ' in the' next  upstream -process,
preliminary . parameter generator - 31 - will'. .generate
- preliminary parameters,. such- as ' the part numbers of the .
parts : that must be produced:.during the ..next"--.'-upstream
. . process (es) and the exact ‘quantities of the corresponding
10. parts that will: need to. be used to effect tke :production
. 'plans for the downstream processes which will occur later
in the chronological, operational sequence.of the ‘manufac-
- turing .process.. _ SR S : ) '
Parameter generator 4 also comprises-an inventory data .
15 . extractor 35 for extracting inventory data with respect to
-any of the parts: or components that must be produced in the
upstream process, i.e., data relating to whether: there is
.any inventory of any such parts, a lot size data extractor
- 36 for -extracting data: regarding the 1lot 'size in which
20  components/parts that are to be manufactured in the various
_upstream processes;are-.npnnally produced, a final parameter:
genexrator 37, and a final-parameter memory 38. Based upon
- . the. amounﬁ of -inventory .available,. i.e., tke. inventory
i .. . data, and the lot size data,: the prel:unlnary parameters
5 25 .. . . generated at:31-are revised-.to final parameters which give
-the actual quantity -of.each:given part.pumbef ox: type that
- -must, be;_.__:panpfactured_--_in" any -given - upstream.process. In

- -othex.words;; p:g:_eliminary' parameter generator: 31:derermines

. -w...- .the-volume .of-components:which-must be produced to.satisfy
30 . the - requirements :of the generated downstream i step ‘or
process. plan, and the final parameter dgenerator _modifies

these = parameters by imposing. practical 1limitations,
resulting from  lot size -manufacture and inventor.y, upon

.~ . such _preliminaxy___pa.raméter(s)_. -The final parameters are
35 . - then stored in memory 38 ‘and are used by second production
-27-
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process -data, and can therefore be generated before receiving information
relating to any other upstream processes or steps; and 20 wherein said
addi tional upstream process data is generated utilizing variable allocation
rul es based upon at |east one other process or step and requires data from
‘at | east one other process before generation of said additional upstream
process data, in order to determine a production schedul e 25 for
produci ng said final product in accordance with an availability of said at
| east one conponent common to said pIurallty of different products. This is

the replacement shgebn generator 3 to generate 'schedules for manufactur:mg |
" components during the various’ upstream processes’ ‘or steps.
“Thus,” in order to generate a parameter for -use by the
second product plan generator,' Fig. ‘10 "ill'ustrates the
‘5. i basic’ steps “performed by parameter ‘generator 4. T Pirst, at
step :S31, * downstream- plan data, the appropriate tree
construction- data, and'process/machrnery data are extracted
from memory, -and - at step 832 ‘one' or more prellmlnary
parameters are - generated ‘which ‘are based upon the produc-
10 7 tion Tequirements imposed by ‘the downstream - process plan,
[ 5 the amount of time requlred as determined from the process
| data; and - the number of components and/or ‘sub- components
required to be- produced £i3g ‘determined from “the tree
construction data. Thereafter, at step 833 lnventory'data
15 and lot size-data are extracted from memory 11, and one or
more final parameters are generated ‘which 1mpose practlcal
manufacturlng llmltS upon. *the prellmlnary paramefer(s)
which were’ generated “More " partlcularly, based upon the
lot srze ‘which can be produced ‘less any excess’ 1nventory
20 of a “final’ product; component or" sub- component ‘which has
been stored-*and” retained in me'nory, a flnal parameter
'representing ‘the number of’ components or’ sub components
which are to be produced is generated 0

‘As a result productlon p.x.ans for the various' upstrearr
25° :pro-esses are calculated/determlned based at’ least in part
" 'upon the requ:.rements of “the" productlon plans prev:.ously
R generated ‘for the previous’ downstream process (es) It is
o therefore poss:.ble to automatlcally and’ eff:.c:.ent y produce
" an overall’ appropr:.ate product:.on plan for’ 1nterrelated
30 upstream and downstream pro"esses and steps,' ile., f_or
o plannlng the coordlnated eff1C1ent productlon of all

requlred components, sub- components and flnal product(s)
"I‘hus, parameter generator 4 serves to extract the
approprlate data from memory 11 based upon the next level
35' component to be manufactured - (from ‘the tree “eonstruction

% . “iog-
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bféferably,

t he production plan generating nethod of the second aspect

Efurther conprises repeating step (e), based upon the nost recently :
‘generat ed additional upstream process data, until no further processes need
to be performed in 5 order to formsaid final product. According to the
invention in a third aspect, there is provided a systemfor genérating an
production plan for producing a plurality of different final

over al |

product s,

10

‘n

10

5 -

20

25

30

35

wherein each final product is conprised of a plurality. of,

data) and the, amount Of .time, e.g., that. it takes to

perform each process and. transfer. a product..from one

Jprocess.to'another_lﬁrom“tbe process..data extractor 33),

and 1nformation relating to the number-of-components ox
sub-components. requxred from.downstreantprocess productlon
plan 32.  Thus the prellmlnary parameter - generator 31,

‘based upon this information, determines what  components

need to be manufactured next, how much time it will take to
transfer those .components, and based upon the.data prov1ded.
from the .adjacent (tlmew1se) downstream process. productlon
plan whlch has been ;uev1ously generated,.and ‘the tree
construction data the quantlty of components which need to
be made. This 1nforma_t;._o_n__.._1s . then sent .to.the final
parameter generatox 37, which modifies that information by.
reducing the number of components which need to be manufac-

~tured in view of any excess. inventory which exists, and by

then taklng the lot size for each component .into account,
from lot size. data extractor 36 ~in order to determine how
many lots of. each component must be made (which will likely

~increase the .number of. components o be produced). This

data is stored in the flnaliparame er memory. 38, and is

- thereafter sent,to second production. plan generator 3.

The result of the operations which are performed by

_ parametex generator . 4 and. by the second product:.on plan
. generator_ 3 is illustrated 1n Flgs 4b and 4c. . .As. .shown Ain

'-P_Eig. 4D, based pon known data,_ i.e., based. upon the_
Llntermedlate 4. e., sequentlally later) downstream.process
- data. determlned w1th respect to machlnes Al and A2, \and the
' tree conrlguratlon data shown 1n Flgs. Sa and Sb,rupstream

process . data relating to machlnes B1, B2 .and B3 are
determlned Partlcularly, the 1ot size, i.e. " .300 pieces
of part "a" can be produced by machlne Bl 1f it operates
from February 22 to February 26 1n order to supply enough

'_ components (a) to uachlne Al 1n £ me for 1t to begln its

operatlon on the requlred date of February 27 Of the 300

— -29-
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éoﬁponents, in which at | east one conponent is comon to said plurality of
different final products, said system being provided for generating a plan
to _determine the timng of a plurality of sequential process steps used to
produce 15 said plurality of final products, and the volune of final
products and conponents which are to be produced, said system conprising: a
device for inputting data relating to the volune of each said final
products required to be produced, and the date by 20 which said required
vol unme of each of said final products are required to be produced; a nenory

for stori ng a dat ap&éggszfnSﬁCQré 'Mdﬂe@dt@hot-&ll be supplied to machine
~ Al by February 27, and 100 need:to be supplied to machine

A2 .for the manufacture. of firal product ¥, by Pebruary 28.

It should be noted that it is.coincidental that the 300 lot

5 | size for: component ‘(a) egquals the total "requireine_nt of

. machines Al and (A2 in this example. Foxr examplé, if the
.requirement: of machine A2 had also been 200 (in which case

200 of. final preduct Y would have been required), -then it

, _ would have been necessary to manufacture €00.of component

10.. . "a" -(two-lots of 300).in order to supply the 400 components

{;. _ " (a). which:would. have been required in that case..-
~As can further be seen, .one. lot size (i:e., 100

pieces) of component "b" will be produced by .machine B2,

which will need to operate fcr two days. i.e., on Pebruary

15 25 and 26, in order to provide 100 components: "b" to
- machine Al_iﬁ time for it 'tc begin operation on February

. 27. . Further, one lot size, i.e., 300 pieces.of component
"é",-willmbe produced by-machine: B3, which will:“need to
 operate from February 24 through Pebruary 27 in .order to

20. - supply 300 components "“c%ifor the manufacture. of 100 final
. products-Y in a timely fashion,: since machine A2 needs 300

- components “c® on or before February 28.- The production

. plan shown -in: Pig. 4b is generated by production plan

_ gene;apér:3wandﬁis-stored,as1a_p1an;result in data storage
25. - -;area,?B of memory. 1l:.; The- data which:is illustrated in
- FLgs 4b, particularly as it relates to machines Bly B2 and

33, will. then:.serve :as: the .next intermediate downstream

iz PTOCess:: data for cal:.brat:.ng and - determining the next
St sequential upstream.process data which relatee to machines
30 . . Ci, C2: ;and C3, all as shown.in Pig. 4cC. T L
. Fig. 4c illustrates the next -step for callbrat:.ng

‘upstream process data. In the present example, this is the

last step of the . final upstream data wkich will be
o calibrated; although for any given production process,
35 . there can.be numerous additional such steps. :

.-30-
Sheet Has Been R laced -

RITIITL



be "pr oduced,

said data tree conprising information regarding the nunber and

.types of conponents which are required to 25 produce each said final
prqQduct, including the nunber and types of conponents, common to said
plurality of different final products, required to produce each said final
product, for storing the sequence in which said process steps nust be This
is the replacenent sheet Date: - 2 JUN 2000 12

15
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35

25

. As shown .in Pig.. 4c, upstream process data relating to

machines C1, C2 and C3 is determined and calibrated based

-upon. known -data, i.e., Dbased 'upon' the ‘.interxrmediate

_downstream process data - plan which has already been

generated with respect to machines Bl,~. 32 and B3, -and the

. tree configuration data shown in Pigs. 5a and 5b.  “As shown

in this plan, 600 sub-components o« (e.g.;,. two . .fox each
component a): will need to be produced, as will 1200 sub-
components -8 (900 for component &, or three’ for ‘each such
component. a, .and 300 for component c, or one ‘for each
component c¢), and 600 7y components will reed to be made (in
order to supply two for each component c). -These deter-
minations:are made in a vixrtually: identical fashion to the
determinations which were made with respect to machines B1,
B2 and B3. - . - EE . . cLoe .
For example, 600 sub-components & will have to be sent
to machine Bl by February 20, and thus must be completed by
February::19. Based upon the process. data which is

‘extracted by:process data extractor 33, it. will take a

period of time between February '15-February 19 to manufac-
ture a sufficient quantity :of sub-components « to-satisfy
the requirement to makeﬁ-cdmponent "a* in ‘sufficient
quantity'a:'machine-Bl, starting.on February 20.-: Thus, 6§00
pieces:(i.e., two lot sizes) of component or part o will be

. produéedllbymeachine' c1,’ which' will- be operated from
. Pebruary 15-February 19, and all 600 pieces of component o
% will ‘be ‘supplied to machine Bl- by February 20. L&

~1FurthErmorefvtwoflot“sizes,'iie.;-lzoofpiééés of
-sub-=component: 8, will bé prodiced by machine€-C2, which -
will need to be operated from February 13-February 19 to
produce the same in time to Supply machines Bl and B3 as
required. ' Of those 1200 components 8, 900 will need to be
supplied to machine Bl for manufacture of 300 components
ra" by "February 19, and 300 will need to be’ supplled to
machine B3 by February 23. - Additionally, two lot sizes,
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performed in order to produce each said final product, and for storing data
relating to the time required to performeach of said sequential process
steps; and a production plan generator apparatus for generating 5

separate production plans for producing said final product and performng
each of said steps, said overall production plan including the sequence in
whi ch said steps are to be perforned and the vol une of conponents which
nmust be produced during each step, as well as the date by which each 10
step nust be perforned in order. to produce said final product in the

required vol ume apd_by. té‘tfo gg_@cregd dat guprubenpoReddChy0f wii Xl Heed to be
products is to be manaf ur _

C - produced by:machine C3 in a time sufficient to supply them
to machine B3 by Pebruary 23. Thus, 600 sub-components v,
will be 'produced by machine €3, which will. need to be

5 - operated from February 16-February 20, and all 60 pieces
will-bé~supplied-tO-machine B3 -by' February 24.- < " _

. The production plan which is' illustrated in Pig. 4c
was produced-by-second'production"planfgeneratorl3; and is
stored as a plan‘result in data storage area 23.." The data

10  which is.shown in Fig. 4c, particularly with respect to
machines €1, C2 and C3, thus serves as starting 'process
data, e.g., as "ultimate" upstream:data, which is regquired

P ands

to ‘produce 100 pieces of each: of:.the final produtts X and
Y ny the- customer requlred due dates of March 1° and Mar"n
15 -2, respectlvely o |
As is noted: above, the first step in- preparing an
. appropriate -plah is to dinput the basic data- 21 whick
relates to the production equipment being used,” production
data 22, -i.e., process data which is specific-to each
20 process, and produced goods data, thrcugh input: dev~ce 14+~
This input data can be referred ‘to as data “‘for “known
conditions," and'is stored by memory 1l. (.
“When CPU'l“as"operated"pr0cesses/steps that: can be
" planned based only upon- data stored in basic data“storage
25 - -area 21 and" productlon storage” area 22 in memory 11 will
 first be ‘determined by the first productlon plan generato*
2. “This“¥'first ‘plan’ "géﬂefatdf'""'then"fpr’bée'e'ds* to ‘generate
R 7product10n plans for-the selected processes ~and”'Etores the
'resultlng ‘pre- generated ‘production’ ‘plan data for" all such
30 - - steps as ‘plan result data 23 in memory 11. '
' N Second production plan generator 3 then de*'ermlnes
which processes can be next planned based upon the data
(i.e., ‘basic data 21, production data 22 and p1an xesult
- data 23) which is stored in memory 11, generates product*on

38 plans for the next selected- processes,‘and cumulativel y
R
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accordance with a predeternined sequence, wherein said sequence involves a
~downstream process step in which the 15 final product is assenbled, and a
pturality of sequential upstream steps in which the conponents which are
required to manufacture said final product are assenbl ed, wherein said
production plan generator apparatus includes a first production plan
‘generator and a second production plan 20 generator, said first
production plan generator conprising neans for generating a plan for
producing a final product in accordance with sai d downstream process step,

based upon data i pputelYei@iL=sAAYioe bee-bRReLhtRa ﬁ%&ucﬁﬂén%ﬁ:% nisddta
second productlon | an generator cofprises neans fo
.. storage area.23 of memory : The :second prodiction plan

- generator- 3 repeats the process of plan determination-
(i.e., : identifying the mnext step to. be planned)-plan
-5 generation-data storage by. following all of the 'process
| steps sequentially backwardly (i.e., in an order inverse to
that . in which they will be performed), for all remaining
processes .;and steps, -until production plans have been
‘generated for -all steps/processes, . components, -sub-com-
10 - ponents and final: products which are required  tc -produce
-the final product(s). a8 :
This process-is illustrated in Fig. 7a, which shows
_the first step (the input and storage of basic and .produc-
~tiomn déta-at_step 520}, the_generationmand;storage of the
15 first level production plans by first production plan
' generator 2 at step S21, and-the-generation and storage of
all . subsequent -levels .of production plans. . by.: second
producticn plan generator -3, at step.S22. After second
_ _ production.jplan";genérator '3 stores the plan  for each
; 20 -;,downs;;eam;p#ocess,git_is.then,determined,uat_step 523,
| . whether there are.any further components cr sub-components
| o fbr which plans need to be generated, and if additional
| plans need to 5é;generatqd,€theg;step.822“will again be
L -.:_exet:tgteé--....;lt : n..c.—._ad_dition_.al_=._P_1..ar.1,__s__- need . to be generated,
25... then the :overall .plan -is .printed by printer .13, or
-_?-,.di.splayed on .a, terminal or other. display device 12, or
, i.forwarded to an, automated control facility.: -As a .xesult,
- .8imply by, 1nputt1ng initially: known data, ;preduction plans
... -.can_be automatically. generated, with priority. given to
30 those processes for which p%pdpc;ionvplans can be generated
- based . upon . known. ~conditions, “ﬁirrespective' of the .
chronologlcal .spatial or- .other relationships between
| productlon processes; and thereafter, plans for all of the
other required ‘steps in the overall manufacturlng process
35 can. be genera..;et_i___;n a successive. f_ash:.on

~33-
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25 generating a plan utilizing variable allocation rules for performng
each of said upstream process steps in accordance with at | east sone of the
data i nput by said device for inputting data, and in accordance with step
dat a relating to This is the replacenment sheet Date: 2 JUN 2000. 13 an
i mredi ately preceding process step, which is required to produce said fina
so that a production schedul e

pr oduct ,

19

20

25

35

| Instead ::of ¢ -the “flow" opertion’ shown  in" Fig. 7a,
operation shown in Fig. 7b .can-be used.’' The difference is
that step S22 is shifted after "YBS" selection of step S23.

Fig. 3 is a flow chartﬁwhichfrepresenﬁé a specific
process - for- determining/identifying which "pro"’é’eéses can

- next be planned, . using the pre-generated -production plan

data, . in ‘order to sequentially gererate all’ "production
plans in an appropriate fashion.. This process is executed
by the second production plan-generator 3, based upon the
initially known data and the production plan data which is
generated- for the processes that are plannable based upon
the initially known data, while:generating final parameters
for use in the planning of upstream processes.

- A shown in Fig. 3, 'the completion status of produc-
tion plans is monitored at process selection step 41, based
upon the £inal: parameters ' (which have taken process data
33/ into consideration) stored in memory 38, which are
obtained during preliminary parameter generation step 31/,
and final parameter generation step '37¢ shown in Fig. 3,
and progress:.data -43; which' tracks the completlon of
production plans for processes/steps that can be planned
using only the process data and known data. This makes it
possible to determine those processes for which production

- plans have not yet been generated, but which are no longer

dependent ipoh another process for which a product:Lon plan

. has not yet: been- generated, iled it assists in- determining:
‘ those processes which are not then'limited by, ‘oxr ‘dependent
* upon, -any'-6ther -process; -‘and”which thus’ ‘could “‘then be
- 'generated All such processes are placed next on“the queue

for process selection 41. - _

In ° production plan- ‘generation process;; 42, the
operation of second production plan generator 3 is carried
out. More particularly, a production plan is"gene;rated for
the preceding process (i.e., the next upstream process)

selected by process selection 41, ‘based upon basic data

".34-
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for produci ng each final product is produced in accordance with an
availability of said at |east one conmponent - conmon 5 to said plurality of

di ff erent final

products. Preferably said device for inputting data .

conprises neans for inputting data regarding a plurality of different flnal
products. 10 Preferably at |east one of said plurality of different final

products has at

| east one conponent which is required to be used to

nmanufacture said at |east one final product in common with a second one of
said plurality of different 15 final products.

15
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correspond to the stations/machines shown in Fige. 4a-4c.

- More particularly, Figs.;‘:"éa’:—and' 9b “show machines:Al and A2

which are required to assemble the final products X and Y,

‘respectively,- as part of respective assembly lines 52 and

54. - The required machines/stations .for final product X
include machines Bl and B2, and wmachines Ci1 and C2 for
produc-in’g and supplying sub-components to component station

" Bl. : For assembly ‘line: 54, 'the final product ¥ :which is
assembled- at. station A2 . receives - components from
: _stations/mach’ines"Bl- and ‘B3, Station Bl, in turn, receives
" sub-components from stations .Cl :and C2, with:station B3

receiving sub-components from stations C2 and C3.

By ‘using the production.plan generating method of the
present invention as described: above, it is poésible to -
efficiently develop appropriate production plans for all

. processes because individual  production: plans-: will be

generated in a coordinated fashion in sequential order,
with priority given to generating plans:for those processes
for which production plans  can be generated based upon
known ‘conditions ‘at any - point ‘in-time, and which do not
depend upon the chronological, ‘spatial or -other.relation-
ship between production processes, thereby: limiting the
generation of production plans for -remaining.:processes

. while. gradually developing: plans appropriate for all of the
. processes/steps of manufacturing components, sub-components

and the final product(s). .
‘Further, if production. plans for downstream processes

. are generated . first in'. @ :process in.‘which there are a
-plurality of v chronologically i sequential processes, the
-parameters, including the . product number, type and guantity

of goods to be produced in the upstream processes, and when
the processes are to be divided or combined, can then be
generated based upon previously generated production plan
data for the downstream processes, with the later generated
production plans for upstream processes being generated to

. =~36-
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Preferably said production plan generator apparatus includes a paraneter
generator, said paraneter generator including nmeans for generating a
prelimnary paraneter and nmeans for 20 generating a final paraneter, said
means. for generating a prelimnary paranmeter including neans for extracting.
data regarding an immediately preceding downstream process production
pl an, process data, and tree construction data relating to the conponents

of the final product to be 25 produced, fromsaid nenory, said final
paramet er generat or conprising nmeans for extracting inventory data and

component T'ot si zeyaNulasiusd ith Galca bpoM 24l pIEWasulidads 2e 17 the

replacenent sheet
... .process for which the production plan is determined is yet

another upstream process for a downstream process, the
‘ preliminary parameter generation: step 31/ . and the £inal
S parameter generation step:37’. will be run based upon the
most . recently - generated production plan.. ' If no such
fur:hef:upstream process. then exists, the procedure will
move back directly . to the process selection 41.- This loop
- is then repeated as required until production plans have

10 been developed for all processes. . S
- - :The data which is extracted by the parameter generator
4 1ncludes tree construction data 34/, .lot ‘size data 36;,

1nventory data 35’ and process data 33’ .- S
As a result, appropriate - production plans for each
15 process/step can be devéloped without error, and in
.appropriate.order, based upon.the known conditions at any

point in.time. . e ,

-Figs. 8, 9a and 9b are schematic representations of
one way in- which the overall plan .which is generated,
20 printed and displayed in Fig- .1l may :be used to control the
operation of -a process for producing one or :more final
products. In Fig. 8, a control system 50 is shown which
controls two different production:lines, e.g., production
S ”ligngzﬁfor.fihal_prqduct:xg(e.g., a 25" television) and
25_ - production..line.. 54 foru;:inal-.product Y. (e.g., a 20"
te;ey;sipn),i Alchough_the;éxact.manner-or-implemencing the-
contxol :of .the production..lines -is.not. shown herein, it
. would be possible. to implement -a.plan which is genexated to
. contrxol. either or both of- lines. 52 and 54, -either by
30 controllihg individual machinés;or_stationSwin accordarice
with the overall plan generated,. or by input into a central

controller which then would control all such machines or

~ stations. . . .
_ . The machines oxr stations in each of the processes are
35 illustrated schematically in Figs. 9a and 9b and generally
—_— -35-
i



14fPreferably each of said production plan generators conprises neans for
generating a production plan for controlling a plurality of machines used
ingdifferent process steps required to produce said final product. 5
‘Preferably the systemof the third aspect further conprises neans
controlling production of said final products in accordance with said
production plan generated by - - '

over al |

10

.15

- 20
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35

satisfy those parameters; and, :in this fashion;~an optimal
production - plan, - which : minimizes - the time lag- between

chronologically sequential .processes, can be generated for

.manufactuxring processes which assemble components ;-manufac-
tured in a:plurality of upstream process steps, as: a single

product or part in a downstream process.
Further;: by-monitoring the progress of production plan

,completlon for each process/step, ~and by identifying for
. next plan generation, those.processes for which production
plans- have .not’.yet been:. completed,- and- which: can be
- generated without information -from _another- process for

which -a ‘production plan: has- not . yet. been -generated,

" appropriate. and complete production plans for each produc-

tion step can. be  generated in accordance. with known
conditions at any given point in.time without error and “in

appropriate sequence, - efficient:ly -and without ::{or with

.minimum)- failure.

. By using .the:- -production plan generator: system in
accordance with. the present -invention, a production plan
for aplurality. ‘of . processes -or- steps can -be -~generated
easily.and within a relatively short period of -time merely

by ..inputting initially :known: data, since. individual
: 'productlon plans can.be. generated with priority: given to
' those processes for:which: ‘production plans. can be genera*'ed
. basedrupon::known ~conditions, .and :which.do -not. depend upon

a chronological, 'spatial {-or:-other relatlonshlg__ between

;- production: processes "in-order:;to produce:their respective
~plans =i~This will. .satisfy the --conditions- which limit
= generation . of production’ rplans : for - remaining jprocesses

while gradually developing:plans: which are appropriate fo:;

all such 'processes.

"l



éaTd system 10 Preferably[ the systemof the third aspect includes é

.printer for

printing each production plan which is generated by said

system and a display device for displaying each production plan which is

S 2 ”generéting"a-plurality’of production plans, -in sequential
- ;ordex,. for. pdeuC‘ng ‘axfinal - product, * for-'a - downstream
4 - .- process in which:-said final product is’ to be pfod&ced, and
o for a'plurality: of:upstream processes which ‘are’ used ‘in
6 ..  forming said final product ‘from a plurality-of components,
said production plan generating. apparatus comprising:
. B _ - an . input .device. -for "inputting initial data
.1nclud1ng data relating to said:downstream Drocess;

10 ~a first wemory ‘area for storing sa1d 1nlt1a1_
_ -data; ' ' ;
12 L a'firstzproductionfplan generator for:generating

data relating to a firstvupstréam;process which needs to be
14 performed, in order to prdduce said final product, before
o .- sald downstream process is performed, said first production
16 'plan generator generating a production plan for said first
- upstream process, - based-upon at least some-of said 1n1t1a1
18 - data; o0 0 GEh st e 4 e EEEi U0 sl Tann
R o a *gecond ' memory:’ area - for - storing’-gaid plan
-2DL;'--generated“byisaid first ‘production plan generator; and
* /a second production plan generator for gererating
22  .a production plan for a second of sald:upstream processes,
-.whereln ‘the'plan which is generated by said- sécond’ produc-
24 tion plan generator is based upon at least the plah stored
_or.wrinl ‘saidc ‘second - ‘memory. area,fiand ‘wherein~ said second
26 ':JuPstream«-process ‘must - be’ - pexformed-. ‘before-“said first
. @l ‘upstream  process ¢ i .performed’- during-“the* ~process of
28 tmanufacturing said:firal ‘prodict. ™ - Crs o mnyleg '
L -+ 2,u3mA . productiecn - plan ‘‘generating -’ apparatus in
2 accordanceﬁwith?claim”l;VWhérein'said-secondfprbduction
plan generator comprises means for sequentially generating
.4 a production plan’ for: each of an-additional plurality of
upstream processes, wherein each succe551ve plan generaued
6 by said second production plan generator is based at least
- -38- -

:generated by said system 15 Preferably said.nenory conpri S een Replaced .
Preferably the systemof the third d&pecd ¥ \Mi$er conprises

controlling production of each final 20 product in accord

overal | production plan generated by said system

. B e RV S
P R T i TR

l.envA:wproductionaqplan;tgénerétingﬁ*apparatus‘ for
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Acéording to the invention in a fourth aspect, there is provided-a nethad____

.of generating an overall production plan 25 for prodUC|ngn%s§m% I|ty of
ditferent final products each conprised of a plurality of co aced
which at |east one conponent is conmon to the plurality of di ”T’ %"
products, said overall production plar goverhing the This is

repl acenent sheet Date: 2 JUN 2000 production of said conmponents and
said plurality of - : ' : .

partially upor a production plan previously generated for

.-8 .. a peguentially adjacent:downstream process. -
. .3.. ;A production : plan. . generating apparatus -in
2 . accordance with claim 1, wherein said initial data‘includes
basic-datagrelatingrto'thé“equipment required to produce
4 . . said final product and all. of said components, and produc-
ion-data specific to. each componert and process which is

required to produce said.final product.

4.-. A production - plan :generating apparatus :in

oy -

© 2 accordance with claim 1,: further comprising:a.parameter
genexrator .for generating a-plurality of process parameters

4 for use. by said second production plan generator in
. .generating;-production. planspafpr .said second and said

. 6 additional upstream processes. '
, , 5. ::A - production plan 'generating apparatus in
2 accordance;with;claim_4,~wherein-said-parameter;generétor
.. .comprises.a system for generating-preliminary parameters,
4  said ‘preliminary parameters: . comprising the'..types of
components which must be produced in a sequentially laterxr
6 .  process,-and the exact quantity of -said specific components
which will need to be produced in said.sequentially later
8 process, and a system for generating final parameters which
o comprise -the:actual quantities of the specific. components
10 ~ which wust be produced. dnringéeach-of_saidwsecond and

B

addltlonal .upstream processes. . K
-.;6 A.product;on plan generatlng'method fo~ generating

S 2 .- .productlon.plans in a chronologically sequential order, foxr

- L.,g”dowpggre?n;pnpceas,1n:w§1chxa;f;nal;producbw}s to be
4 produced, and for a-plurality of- upstream processes which
. . are reqguired to form said final product from a plurality of
6 components,f- said production  :plan generating: method

comprising the steps of: _ _ . ;
8 : . .- (a) .. inputting 1n1t1a1 data 1nclud1ng ultlmate
o downstream process data which relates to-the final product .
10 to be produced;.. '

-39- .
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different final

product s in a'production process including a plurality of

sequential process steps, said sequential process steps including a
downstream producti on process step 5 which produces said fi TaksS Btea R

and a plurality of upstream production process steps for pro

conponents, said nmethod conprising: inputting and storing bagL' mm!lﬁ"rll

relating to said production process and production data regar

vol une of said 10 plurality of different final products reqU|red to
be produced, and the date by whi ch said requi red vol ume of the pIurallty of

different final..pr. oducts 18 rbe;qwsrﬂl% @aﬁ‘iqwiﬁdanltlal data; “

112,
14
‘71.6
18

| 20

22

24

12

14

B system comp"‘:.sa.ng

cen(e) generating first upstream- process’ ‘data based
‘upon the ‘initial “input :data,” “said upstream process data
- relating ' to one ‘of said upstream processes which: precedes
productlon of said final product; " )
' cEe(a)y storlng said-first upstream process data,
and = ¢ o ime T oo LT ST M :
{e). generating-acditional upstream process data,
which -relates to - an  additional upstream process which
occizrs"*"duringi~"-'production"-‘-of +gaid “final - product, said
additional ‘.upstream process:data being based”’'at - least
partially ‘upon said first®upstream process’ data) wherein
‘said additional upstream process-must be-performed before
said first upstream process is performed during- product:l.on

" of said final product.

7. A production plan generating method in‘accordance
with "laim 6, :further'Compris"ing'repeating step’ (@), based
upon’ the most ‘recently - generated additional upstream'
- process - 'data); - “gntil no - further processes need to - be
performed in order to form said final: producti@ =% _

8. A system for generatlng an overall productlon plan
for produc:.ng final products, ‘wherein each of “said final
products ig- compr:.sed of'a- plural:.ty of components, said
' system "being" prov:.ded for - generat:.ng -a-“pléni‘to- determ:.ne

“ - the t-mng of ‘a plurality“of gequential ‘process’ steps used
to produce “said “final- products, and the volumé<of final

" product s “and ° components wh:Lch are’ to be produced said

oz 3
e N et . ; o AR e -3

(, MY LY

VB osfmEs "‘"(ai)‘:"" a device for 1nputt1ng ‘data ‘relating to the
volume of ‘each final product requlred to be produced “and
‘the date’ by ‘which said “required volume of sa1d flnal
'products are requlred to be produced; G

' (b)Y " a memory for storlng a data tree for each
final product to be produced "gaid data tree compr:.s:.ng
information regard:mg 'the number and types of~ components

____—-/,J'

T
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oeherating and storing a first production plan for produang_l5_—_saLd——————
final products in said downstream producti on process step, .said first

production plan being based upon at |east some of said basiTB “
production data, the first production plan being stored in |
generating and storing a second production plan for a flrst

process step preceding sai d downstream process step ut|||2|ng vari abl e

all ocation rules, and which needs to be perforned in order to produce said
final products, said second production plan being based upon at |east sone
of said bagpc datgy, Eg 48 9@%?&%9@ et ik S alaty i gid 26ingl opiroduatn, for

oduc

Ian sald second r tion efng stored in
P P --sgor:.ng the: sequence. 1n which-said process steps wust. be

lé_ - performed in-order to produce ‘each said final product, and
- . .. for:storing data relating to.the time required to perform
20 each of said sequential process steps; and - v '
R . (e) - a.production plan generator apparatus foxr

2? | generating separate production plans for producing said
_ final -product  and performing _each of said steps, said
.24 .overall  production plan. including the. sequence.din which
- said :steps:are to be perfoxmed and-the volume -of..components
izé' - which must be produced. during each step, - as well as the
N date by .which each step must: be pep_fo:qned_.___l_n_____'o*der to
28_“_ -produce-saidffinal.ptoduct in. the required volume and by

the requlred date, o - s Lo

9. A system in accordance w1th clalm 8, whereln sazd

2 . device for inputting data comprises. means for inputting
:data_regarding a plurality of different final products.:

- 10. -A system in accordance with clalm 9,-where1n at

éi- least one of said plurality of dlfferent final products has
at least-one component which .is required. to be used TO
4. :manufacture .said at least one flnal ‘product 1n commoni with

a second one of.said plurallty of different flnal _products.
.11, A system in. accordance w1th clalnxa, whereln each

2. :l@of.sald final.products, is.to be manufactured ln -accordance

_ ~with a-- predetermlned -sequence, . whereln sa1d . sequence

Y T involves .a- downstream process step :\.n wha.ch the f:.nal

| i l;prAQQt uié; assembled.iland .a. plurallty of _sequentlal

Té I. upstream steps in which the components whlch axe. requzred

.to. manufacture said. final product are . assembled wherein

1L8“hmp:sa1d productlon plan generator apparatus 1ncludes a flrst
. productlon ‘plan generator and a second product:.on plan'

10 generator, said first productlon plan generatorx comprlslng

' means for generating a plan for. p*oduc1ng a final product

.12 . . in accordance with said downstream process, step, based upon

data 1nput by said device for 1nputt1ng data,mand wherein

~41-
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anot her nenory distinct fromsaid menory; determ ning whether any
upstream processes require planning; and This is the rep

addi ti onal

sheet Dat e:

determ ned as requiring planning, generating and storing an
production plan for an -additional upstream process step "

14:.  said second production plan: generator comprises means for
‘generating a:plan for performing each of -said;:upstream
16 - process. steps .in accordance with at least some ‘of the data
input by said device for inputting data, and in accordarce
i8 with step data'relating to an immediately preceding process
-step, -which is required to produce said final product.
12.. -A system in accordance with claim 11, . wherein
2 said productlon .plan generator apparatus . includes . a
_ _parameter - generator, said. parameter generator- including
- 4 means for generating a prel_iminary .parameter and means for
generating a.final parameter, said means for generating a
6 preliminary parameter including means for extract-_ing d_até
regarding - an immediately preceding downstream.. process
8 production plan, process data, and tree construction data
_ - relating to the components of the final product to be
10 produced, - from said memory, said final parameter .generator
. comprising means for extracting -inventory data.and com-
12 . ponent lot size manufacturing data from said memory.
13. A system in accordance . wi_th claim 11, wherein
2 each of said production plan generators.comprises means for
generating a production plan for controlling a plurality of
4 -machines used in different process steps -required to
produce said final product.. :: . : SO el
14. A system in accordance with claim:.11,.: further
2. comprising -means - controlling.-production of said <£inal
... : products in .accordance with said overall production pllan
4. . :- generxated by said system: .- onooog il soaeh
S = 315.. A-system in-accorxdance - w:.th claim.8,-said system -
2 :mcludlng a printer for pr:.nt::.ng each product:l.on plan which
o is .generated by said system,. and a display device for
4 displaying each production-plan which is generated by said :
system. S o .
-16. A system in accordance with claim 8, wherein said
2 ‘memoxy comprises a RAM. '
I——————— -42-
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whi ch has not yet been planned and whi ch nmust be perforned 5 before a next
previously planned process step is performed during manufacture of said
fimal products, based upon at |east sone of said basic dat dhis as Been Re laced
producti on data, and the next previous productlon pl an; wher H "I

first producti on pl an IS generated 10 independentl

requi renents of any. other processes or steps, and can therefore be
generated before receiving information relating to any other processes or
step; wherein said second production plan is generated dependently upon at

| east one ather processl—pr StaePs e ORI IRfechanddT@{ Rt bR kM @M af L LRSE

one ‘ot her prgductl | an, before
comprising means for controlling’production-of-eath final

product im. accordance with said- overall product:.on plan

4 = generated by said system.’ : :
7 18:°:A method of generating an overall production plan
2 for producing final products-each comprised of a plurality
of components, :said overall production plan:governing the
4 production of said components and said final products in a
prcducticwr'process- including a plurality ' of “'sequential
"6 process steps, said . sequential process steps including a
downstream -production process step which produces said
8 final products; and a plurality of'upstreaﬁiprbduction
process: steps.For produc;ng ‘said components, ‘said method
10 comprlslng N R
- {a) inputting and storing basic data relating to-
12 = said production process and production data regarding the
voiume of said final products which is required to be
14 produced, and the date by which said required volume of
final products 'is required to be produced; - '
16 - . out(b) generating and storing a first- production
plan for producing said final ‘products-in. said downstream
i8 production'process'step,-saidﬂrirst'prOductionfplan being
‘based upon at least some. of said basic data- and said
20 .. '~ production data; T
o . (c) - ‘generating and:'storing a second production
22 plan for a first upstream ‘process step preceding said
downstream process step, based upon at least some of said
24 © ¥ ‘bagic-data;-said. -production'data ‘and said first prodactloﬂ-
-  plan, R L RIS AT .
26 S (d) - -determining. ‘whether any addltlonal upstream
: processes require planning;-and: BRI '
28 ' (e) if any additional upstream processeé are
identified as requiring planning, generating and storing a
30 third production plan for an additional upstream process

step which has not yet been planned and which must be

—43-
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generation of said second production plan; and wherein said additional
production plan is generated.dependently upon at | east One*buu>equently
execut abl e process or step and requires infornmation froma asgig &m§ laced
ot her prevrously generated Pproduction plan.befare generati 3
addi ti onal production plan,” 'so that a productron schedul e f

plurality of different final products is determ-ned in -accor

availability of the at least one cammon.conponent.. 25:Preferably, the

net hod of the fourth aspect further conprrses generatrng and storrng

overal | productron pl ans
32 performed beFore said flrst upstream process. is .performed

durlng mannfacture of said rlnal products, based upon at

34 least some of said basic, data, _said production data, and
_the second prcductlon plan. . C e
h 19. A method in accordance with clalm 18,:further
2 comprising generating and storlng overall production plans

for a plurallty of f£inal products. . _
20.. A method in accordance with clalm 19, whereln at

2 least two of sald final products. to be produced have at
~ least one compoznent in common. _
(}' 21. A wethod in accordance with claim 18, further
2 comprising printing said overall production plan. '
22. A method in accordance with claim 18, further
2 comprising displaying said overall production plan. '

23. A method in accordance with claim 18, further

2 comprising repeatedly determining whether any required
upstream process steps still require planning.

24 . A method in accordance with claim 23, further

2 comprising generating a production plan for the next
sequential upstream process step to be performed in
4 producing said final product, each time that any upstream

process steps are determined to still require planning.
25. A method in accordance with claim 24, further
2 comprising generating a final parameter relating to the
volume and type of components which must be produced in the
4 next process step to be planned, prior to the generation
of each of said upstream production plans. o '
26. A method in accordance with claim 25, further
2 comprising producing said. final parameter by extracting
from a wmemoxry production plan data for a -sequentialiy
4 preceding plan, construction tree data relating to the
component which must be next produced, and process specific
6 data, generating a preliminary parameter, and modifying the
preliminary parameter in order to generate a final

-44-
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f:QI: a plurality.-of final products. Preferably, at |east two 17 of Said
final products to be produced have at |east one conponent in conmon.
Preferably, the nethod of the fourth aspect further 5 conprises printing

i d [ fourt hoaSpechs
Further -corpr | sestar aBcBraT. oFEEECERPEK e IR TRYDACOR) hats aHA DofiBBAER:
the method of 1@k SiéarfnomaspuemorYurther

27. A method in accordance with claim 18,  further
comprlslng controlllng the productlon of each sa:Ld flnal
5 - product and each of" sald components in accordance w1th sald
- overall productlon plan." I '
28. A production plan generatlng apparatus substantlally
as described with reference to Flgures 1 to 5 or 7 to 10 of
the accompany:mg drawings. . ' '
10 29. A system substantlally as descrlbed with reference to
Figures 1 to 5 or 7 to 10 of the accompanying drawings.
30. A method substantlally as descrlbed with reference to
- Figures 1 to 5 or 7 to 10 of the accompanylng draw:mgs. )

B, ]
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conprises (1) repeatedly determ ning whether any required upstream process
steps still require planning, (2) generating a production plan for the
next sequential upstream process step to be perfornmed in producing said 15
final product each time that any upstream process steps are determned to
still require planning, (3) generating éhp+§ag—§a§aﬁe$er relating to the
vol ume and type of conpPREDUSTIONC PLANS GENERATENGC METHOD! ANDNAPPARATIES S

step to be planned, prior to the generation of each of said upstream 20
production plans and. (4) producing said final paranmeter by extracting from
a menory production pl ad predudbion phaugenegdabing eppdiragupl,amnd a method,

construction tgee gﬁgapf8$f&g&9for generating production plans in sequential’
chronological order, from an ultimate downstream process
in-which a final product is produced, to all of the

upstream processes regquired to produce components needed to

make the final product. The apparatus includes an input

10 _deﬁice-(14) for inputting initial data including ultimate

downstream process data, and a memory (11, 21, 22, 23) for

storing the input data, machine data and process data,

‘and a generator (1, 2, 3, 4) for generating a production

plan for the final product, and upstream plans for the

15 - components and/or sub-components which aie;required_in

' order to ﬁréduce the final product. The generator uses the .

‘ultimate downstream process data to generéte'intermediate

downstream process data relating to the prdductién process

"that occurs just before the ultimate downstream process is

20 'effgcted, and sequentially generates data relating to

"'further-upstream proceéses in a sequential order, using
daté-from‘an“;mmédiately“p;ip;wgpspreamlprgcess plan.

25 . [Figure 1j
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to the conponent which nust be next produced, and process specific data,
generating a prelimnary paraneter, and 25 nodi fying the prelimnary
paranmeter in order to generate a final parameter, after extracting

i nventory data and conponent |ot size froma nenory. This is the ’
repl acement Sheet Date: 2 JUN 2000 17a Preferably, the nethod of the /k)
fourth aspect further '
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conprises controlling the production of each said final 5 product and
each of said conponents in accordance with said overall production plan.

The present application is based upon Japanese Patent Application Serial

No. 4-318,822, which was filed on 10 Novenber 27, 1992, the entire Q}
content of which is expressly incorporated by reference herein. The above
and ot her obj ectﬁ,,ssi,&agwgg& epdceadvant ages of the present invention wll

becone nore fully d 15 apparent from

description which as shown in the draw

which like refere re used throughqgt t
™

10

'.w & ?
\jN{i:) - | gggg %g ~
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»
to designate simlar parts, and wherein: 20 Fig. 1 is a schematic
diagram of a production plan generating apparatus which is used to _
execute the production plan generating nethod of the .present invention;
Fig. 2 is a schematic representation of a paraneter 25 generator which i%S
adapted to obtain the final paraneters for upstream processes in the ({O
production plan, based upon 18 the production plans of downstream
processes, as viewed in

33'
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a - . . H
a chronol ogi cal sequence of processes used in the overaH—manufacturing

process for a given final product; Fig. 3h$§m£u%$ﬁ&h§hqr
basi c process for efficiently and sequenti

|
for a plurality of processes or steps used
|

t representing a
ajproduction pl ans

T

4/,0

uring process, as
t he. nunber of known conditions increase; d 4c represent an
exanpl e set of different plan levels of a process |ayout for producing
final products, égg- h tically illustrate the various machi nery and/ or
stations used in @oﬂ i on process; Figs. 5a and 5b represent tree
configuration data Al Bl Ci
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relating to the type and vol une of conponents which are necessary to

produce a given final product, and also indicate simlar information

regardi ng.t he sub-conponents which are necessary to f.ormthe conponents

used to assenble the final product; Fig. 6 is a-bleek-di-ragram of a known
product plan generator assenbly; Fig. 7a is a flow chart representing _
several of the basic steps used to gen®rsd production plan in 5
accordance with the present invention; F‘m “ ! ow chart showi ng a 0

nodi fication of the flow chart shown in

Fig.5a

X a o
ST 8T oy
100 300 300 PARTS
— b = B LOT SIZE
(1) (3)
100 _ 600
Fig.5b
| e o
(2)
300
Y a B
(1) (1) (3)
100 300 600
c B
(3) (1) '
300 600
. L_ y
(2)

300



)
Fig. 8 is a block diagramof a control systemused to control tw assenbly
lines in accordance wth a plan produced by the present system Figs. 9a

and 9b, respectively, schematically repprasaat gisiRedehdedes used in two

di fferent assenbly production lines for [ fini shed products;
and Fig. 10 is a flow chart representi ng”“m MHM!H Hrations perfornmed by
a paraneter generator which forns part o system This is the Q//O
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. :
19 The system of the present invention is adapted to be used for
manuf acturing any type of product,

of parallel and/or sequenti al

particularly with respect to products
involving a plurality of assenbly lines or processing steps which nust be
coordi nated. This process and assenbly |ine control
designed to coordinate the production of finished products froma pluralit

system are thus

assenbly lines for manufacturing different
conponents which are used to make final products; and can be used either
with a single assenbly line or with a plurality of assenbly lines. Wile

Fig.7a

INPUT+STORE BASIC DATA AND
PRODUCTION DATA

GENERATE AND STORE PRODUCTION

PLANS FOR SELECTED PROCESSES /

- STEPS, USING FIRST PRODUCTION
' PLAN GENERATOR

S20

S21

4_.

YES

GENERATE AND STORE UPSTREAM

PRODUCTION PLAN(S) BASED UPON

BASIC DATA, PRODUCTION
DATA, AND PRODUCTION PLAN

S22

DETERMINE IF ANY
REMAINING PROCESSES/STEPS
: STILL NEED PLANNING

NO

S23

PRINT AND/OR DISPLAY PLAN
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[ ]
the present invention is applicable to many types of products nmade in
accordance with such processes; Applicants note, by way of non-limting
exanpl e, that the production planning process could be used, e.g., for
generating. an overal |l production assenbly plan for producing printed
circuit boards, televisions, or autonobiles. Wth such products, it is
possible that related products (e.g., a 25" television and a 20" [0
television, two different autonobile nodels manufactured by the sane
conpany, or printed circuit boards having a simlar base but having
different com ponents) may include one or nore conponent parts in conmon.
The present invention is not only adapted to be used to
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{

generate a production plan for a single finished product, but is also well
adapted for use in situations in which a conpany may be faced with the need
to produce a nunber of different products at the sane tinme, which products
have one or nore. conponents in common. In the case of a printed circuit
board, e.g., the finished or downstream product nmay be the printed circuit
board, with the conponents conprising, for exanple, a |am nated base, one(?/
or more nodul es, and one or nore el ectronic conmponents. If the

manuf acturing process is directed to. producing televisions, for exanple,

t he final products-7&pld 2? different size television sets, e.g., a

50

~
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25" television and a 20" television, with comon conponents This is the

repl acenent sheet 20 including, e.g., certain circuit boards, and _

di fferent conponents including, e.g., different LCD assenblies. As another
non-limting exanple herein, the final product could include different

aut onobi |l e nodel s of a single autonobile manufacturer, wth the different
conponents including doors and common conponents. i ncludi ng radios, /ZVZD

Fig.10
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t he present

ustrate ThIS apparatus

The present invention generally relates to a produc-
tion plan generating method and to a related apparatﬁs for
generating production plans in accordance with the method,
and more particularly relates to a‘dynamic scheduler which
is édapted for coordinating the production of one oxr more
assembly lines making different finished products, each
assembly line including a plurality of production steps.

As a result of advances in technology and rapidly
changing consumption patterns,:manufacturers must presently
contend with a rapidly changing manufacturing environment
which is often characterized by the manufacture of a wide
range of goods in relatively small production lots, with
such goods having shorter delivery schedules and shorter
product life cycles than has previously keen the case. The
ability to respond quickly and sensitively to marke't
changes is now extremely important in such a multi-product,
small-lot manufacturing environment, and requirxes the
ability to generate precise- plans for factories which
produce googds having'multiple production processes or steps
and/or which include several product lines, the ability to
rapidly change these plans, and the ability to efficiently
produce. an appropriate number of components and finished
products without unnecessary expenditurxe of matexial, time
or cost. | _ -

A number of attempts have been made to facilitate
and/or computerize production processes for the manufacture
of various products. ' .-

One known production plan generator is illustrated in
Figure 6, which schematically'illustrates a system which
was disclosed, e.g., in Japanese Published Patent Ap-
plication 62-52,666. In th s known generator, a central

This is the replacement s
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I ncl udes, an i nput device 14, e.g., a keyboard, for entering initial known
dat’a, and a nenory 11 having a basic data storing area 21, a process
.specific production data storing area 22, and a plan result data storage
area 23. The production plan generating apparatus further conprises a
central processing unit (i.e., CPU 1, a display device 12 and a printer
113, for respectively displaying and printing a generated production plan.
'CPU 1 has-a first production plan generat@ 2, a paraneter generator 4
for generating a variety of paraneters used in the production planning

process, and ap’i%’bclaiﬁ{@m& O(B.'FE.a,n ESPET B8 PL! Bypically a .computer, is

: used ‘to:generate a production plan in accordance with a
provided production plan generating program'loo ." A wmemory
102 .'for storing basic data xelating to the 'production

. equipment to be used, and other parameters,' is connected to
enable access to such data by the CPU 101. An additional
memory 103 is used as working memory by the CPU, such that
the CPU can therefore generate a production plan based upon
the stored data.

" 'Known data that is essential to each of the processes
to be scheduled by this system can be entered through an
input device 104, e.g., a keyboard,. connected.to CPU 101.
A “plan results” memory 106 is provided for storing the
prcduction plan generated by the production plan geherating
program in the CPU, a display device 107 is provided for

! displaying the plan results, and a printer 108 is provided
for printing the plan results, with the printer also being
connected to CPU 101.
_ In this prior art system, the noted production plan
generation process is executed separately for each step in
| the production process, based upon the basic data which is
* input via input device 104, and upon data which is provided
in working memory 103. Becausé the product plan generation
- process is: executed separately for each production process
step, ‘when one or more processes or steps are interrelated,
the -personnel operating the planner for an. :"upstream
process® (i.e., a process wlich is performed earlier during
production of a final product) wmust cross. reference or
otherwise relate the proposed production plan for such an
upstream process step witb; the proposed prcduction plan for

a downstream process step (i.e., a sequentially later

process which is required to be performed in order to
produce a finished product). It is necessary to do so in
order that the peféonnel can identify any factors presenct
in the " "downstream process" that depend upon certain

This is the replacement sheet
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The ;first production plan generator 2 generates production plans for those
processes that can be planned using only initially known data, e.g., basic
data 21 and process specific production data 22. In other words, the This
is the replacement sheet Date: 13 MAR 1997 21 first production plan

generator 2 is provided for generating appropriate production plans as part
f an
! 3

conditions, requirements, or factors relating: to the
"upstream process" (e.g., the volume of product-required by
the downstream process), and to thereafter ,ini:out any such
conditions as feedback to the production plan generator for
the upstream process. The generator must then run again in
ofder to generate a production plan for the upstrean
process that is compatible with the requirements of the
downstream process. In other words, the operator of the
system which is designed to pxroduce a production plan
generating program for an upstream process cannot operate
in ignorance of the later, downstream processes which are
required in an overall production plan, and in fact
requires . information = from . the later in time  (during
" production of a given final product) downstream.processes
in order to be able to properly plan a given upstream
process. As an example, an operator would have to know the
volume of product which is going to be produced at a
! downstream process step, and the date by which they need to
be produced, and the time when they are produced, in order
to accurately execute a final production- plan for an
upstream process. _

In many factories, however, goods are manufactured
through a series of plural production process steps. Thus,
while.. the system described in Figure 6 constitutes a
conventional planning process which optimizes-the produc-
tion plans of individual processes or steps used to produce
final products, it involves developing production plans

. dependent upon each specific process, -ox-.a. number of
processes, or developing separate production plans for each
process; and such a system' does not interrelate all of the
processes or steps, and therefore cannot optimize the
production plan for an overall production process which
involves a series of steps, processes and/or components to
produce a final product. In order to overcome such a
deficiency, personnel working with an upstream process must

This is the replacement sheet
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overall, final production process, based upon paraneters which are in turn
based upon data received fromthe basic data storage area 21 and production
'data storage area 22. Thus, production plan generator 2 is provided
for generating production plans whi ch are not dependent upon the
reqU|renents of any other processes or steps, and which can be generated
'before receiving information relating to such processes or steps. Second
production plan generator 3 is provided fod thereafter generating
production plans for those processes that can only be properly planned
using both the‘xaqaasatiszykn@mtdﬁya:randepdm@mdmti)bﬂruéiaéaw\@ch fiihal

pr eviously parameters representing the gquantities of specific products
' which -are‘require_d to be produced in subsequent steps) of
a2 later, downstream process or step {e.g., the final
downstream process or an inrermediate downstream process)
and thereafter determine any conditions that must be
satisfied by the upstream process which the Personnel is
involved with as a result of the later implementation of
any such downstream steps. Thereafter, the needs-produc-
- tion data wust be entered into -the upstream production
plan, and such production plan must be adjusted. As a
result, significant time, - input and effort from a
relatively large number of personnel will be required to
generate an overall production plan using a system in which
individual processes are §eparately being planned. Even
further, from a -practical standpoint, it is extremely
difficult to completely coordinate production plans for
chronologically sequential processes or steps in an overall

production process (some of which may, e.g., be located
apart from each other),' and " the tendency in such cir-
cumstances is to coordinate such plans only in a very
supexrficial or basic fashion. :
As an example of such.difficulty, one should consider
| an upstream process which itself consists of a plurality of
parallel " (in time) component .manufacturing processes, -and
a’ downstream process in which the components ‘which are
.manufactured:during the upstream process are then hsed' to
assemble-the final products resulting from the components
manufactured during the various upstream processes.

In such an example, the assembly process; i.e., the
downstream process in this example, typically is programmed
to begin only when all of the components from the various
upstream processes are available and on hand to be as-
sembled.

This is the replacement showet
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generated by the first production plan generator 2. I n ot her words,
'second production plan generator 3 is provided for generating approprlate
:productlon pl ans for production processes, other than the final (i.e., the
:downstrean) actual production process, based upon paraneters received from
paraneter generator 4. This second generator thus generates production

pl ans for those upstream production processes or steps which are dependent
upon the re- quirenents - and capabilities® of later performed (i.e
downstream production processes. Menory 11 includes a plurality of
information storagdmreaash ebgcthssantesgesthevarodugtdbrdatar ncindi of

jnitial the downstream process must be set to staxt aftexr providing
a sufficient time for any delays which may occur during any
of the upstxream processes, and as a result significant and
unnecessary time lags can occur during the production of
final products. In other words, providing sufficient time
or allowance, between processing steps, for the possible
occurrence of such errors, can result in unnecessary waste
of time in the overall production process.

The type and volume of products to be produced, and
the volume(s) of products and comporents which can be
produced in manufacturing production lots, will differ 1n
each process. Typical lot size restrictions (i.e., the
volume of produdtion of one operatiénal run of a given
line) represent another factor which may delay the assembly
of a final product or component from a plurality of

components or sub-components, respectively, i.e., waiting

for the completion of one generally parallel process may
delay the next step even though other components have been
prepared, particularly if the lot size (i.e., a practical
limitation on wanufacturing speed and volume) has not been
taken into account. Such delays can accumulate during an
overall production plan, such that there may well be an
steady. increase in the amount of time required ‘to develop
an optimal production plan as the number of production
processes (each having its own manufacturing limitations)
required to produce a finished product:increases. my
ARIEH, - U.S.. Patent No. - 4,807,108, discloses anotherx
production process for manufacturing, e.g., an electronic
circuit pack.

Purther, an inference planning system used fox
planning -in a manufacturing system is disclosed in commonly
assigned TANAKA et al., British Patent 2,213, 109, and is
also disclosed in its counterpaxt U.S. Patent Application

Sheet Has Been RTlaced ~ This is the replacenent sheet
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known data which is input via input device 14, plan result data which is
generated by the first production plan generator 2 and stored in data
storage area 23, as well as plan result data which is generated by
second production plan generator 3, and then stored in storage area 23.
Basi ¢ data storage area 21 stores data/information relating to production
equi pnent used in the various processes in an overall manufacturing process
for a given final product, such as the nun%er of buildings which the This
S the repl acenent sheet

Serial No. 08/116,730, which was allowed by the U.S. Patent
and Trademark OffiIce on Februarxy-3, 1994.- :
Both United Kingdom -Patent No. 2,219,109 -and U.S.
application Serial No. 08/116,730 are expressly incor-
- porated by reference herein in their eatireties. -

‘Accoxrdingly, one object of .the present invention is to
provide a production plan generating method and a related
apparatus for rapidly developing an optimal production plan
for a .plurality of interrelated production processes or
steps,” which takes the wTrespective. limitations of the
processes, and the relationship between the steps, into
account when generating an overall production plan foxr
producing a final product.

In order to achieve this object, a production plan
generating method . is provided in accordance. with the
present invention which first generates a production plan
for those process steps which are plamnnable based'upoh the
receipt of basic data relating to, e.g., the production
equipment to be used in such processes, process data which
is specific to each process, and data relating to the goods
to be produced. Thereafter, the method involves generation
of a production plan for those processes-which are plan-
nable using previously generated production plan.data and
the above-noted three types of - data. .Thereafter, this
latter-planning step -is repeatedly executed in -order to
generate production plans for the .remaining ‘steps of the
process, - while .all the time accumulating - the. generated
production plan data for each' of the recuired - process
steps. '

More particularly, when there -axe a _plurality of
chronologically sequential process steps in a production
process, the production pians for the downstream processes,
i.e., the processes which occur later during the production
of a final product, are gene'rated first. Thereafter, final

This is the replacement sheet
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22 factoky includes, the nunber of assenbly lines |ocated in each building,
and the nunber and type of machines in each line. Production data stored at
storage area 22 conprises, in this enbodi nent, process data which is
specific to each process or step required to nanufacture a final product,
as well as data relating to the goods mhlch are being produced (the latter
data being referred to hereinafter as "produced goods data"). Mre
specifically, production data includes thesnunber of final goods or
products (and, where ap- i

parameters for the data relating to "needs,f i.e., the

product part number ‘and/or type, and the quantity of such
products which are to be produced during the upstregm
précesses, and whether such upstream processes are to be
divided or combined, are then generated; these final
parameters are based upon the production plan data which
has already been generated for the downstream processes,
component configuration data for controlling the production
of various parts and components at each step of the
production process, process data for the upétream proces-
ses, and inventory data for the .downstream  processes.
“Production plans for each of the upstream processes are
then sequentially generated (until a plan for the earliest
in time step has been generated) in order tc satiéfy the
"needs" data. In other words, plans are sequentially
generated for all reguired products and components, in a
chronological order which is opposite to the order in which
the steps need to be performed to produce a final product.

In order to. secjuentially develop production plans fox

a plurality of processes, progressive control- of plan
i generation is performed using the ©process data,
j process/process limitation data, and production plan
% completiocn data for each process. This makes it possible
| . to search for and identify any processes for -which a
production plan has not yet been generated, and for those
processes which will not be restricted by the limitations
of other processes for which a production plan has not yet
been generated, in order to be able to identify the next
processes or steps for wh:\.ch production plans are to be
_ generated.

In order to achieve these and other objects of the
present invention, the production plan generator in
accordance -with' the present invention comprises an input
device for entering basic data relating to pxroduction
equipment, process data specific to each of the plural

; This is the replacement shee
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plicable, the nodel nunber or type) to be produced, the due date by which
each of the final products nust be produced, and conponent tree
configuration data which incorporates information relating to the number
and type of conponents which are required to make a final product,
illustrated in a tree and branch configuration which al so includes
information relating to the nunber and type sub-conponents required to
manuf act ure each conponent. Production daBa stored at area 22 further

i ncl udes assenbly step data which specifies the specific. machines which
are required t purasseRs upe vatepss isomorssht $nasthee| bveasllf heréduet icn

pr oduct, produg iy dat et 898160 SGEESE! %%ttat]efggggmmeqoxy -means for -
5 ' storing the entered basic data, process data and produced
goods' data, and a first production plan generator for
detexrmining the processes for which a production plan can
be generated bassd upon only the basic data, the process
data, and the produced goods data stored in the first
memoxry means. The - generator also includes means for
generating production plan(s) for the selected preccess(es) .
A second memory is provided for storing the production
plan data which is generated and then output by the first
production plan generator,.and a second production plan
geﬁerator is provided for determining the processes for
which a production plan can next be generated based upon
the basic data, the process data, produced goods data, and
the previously generated production plan data which is
stored in the second memory means. The second production
plan generator generates production plan(s) for selected
; process{es) or steps, and stores the production plans which
| result in the second memory; - -and thean repeats this sequence
in oréder to generate production plans for all of the
remaining processes which are required in order to produce
a desired final product. -

By using such a production plan generating method,
production plans are first generated for ‘those “processes
among the plural processés that can be scheduled based
strictly upon known conditions, e.g., ‘the basic data
related to- the production equipment to be -used in the
process, process data 'whq'.ch is specific to ‘each ‘process,
and produced goods data. Production plans axe then
generated for those processes w_hic_h can be planned using
the resulting "pre-generated production ‘plan data”, which
is supplemented as needed by certain known condition data.
The production plans which result from this last generation
of plans are then accumulated as previously - generated

This Sheet Has Been RTlaced This is the replacement sheet
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time required to nake each conmponent or final product which is to.be
‘prdduced in the production process, |lot size data, which specifies the

vol ume of each conponent :or final product which can be produced in a
;singl e working operation run, the tinme (e.g., nunmber of hours) required
for each such working operation run, inventory data relating to the nunber
of final products and/or conponents which have al ready been produced, and
other. relevant data relating to the prodltion process. As noted '
previ ously, any given manufacturing process includes a final ,downstream
process or st epodidtitGlord By etadale aads ehiilsy pabeebe ﬁsnﬂeppract@dcforoamé

manuf act ur ed, ot the remaining steps or processes "in the overall produc-
tion process until production plans have been generated for
all such processes which must be performed in the produc-
tion process. As a result, production plans are generated
in such an order that priority (in terms of the time when
the plans are generated) is given to those processes for
which production plans can be generated based only upon
known conditions, and which are not dependent upon the
chronological, spatial, or other relationship which exists
between various production processes Or Steps (e.g., the
ultimate or other downstream manufacturing step). In this
way, the requirements that must be met -for all of the
remaining processes are gradually satisfied, and a coox-
dinated plan is developed which will be appropriate for the
overall productién and for all of the process steps
required. .

Further, an optimal production plan which mirimizes
the time lag between chronologically sequential processes
can be generated for manufact:.uring processes involving the
assembly of a plurality of components, manufactured in
plural upstream processes, into a single final product orx
| | part in a downstream process. Such an optimal plan will
| result if, when a pluxality of chronologically seqguential

: processes_ are used, the production plans for. downstream
: processes are first 'generated, .and therxeafter "needs" data,
which includes. the product model number ox type,- and the
quantity ox volume of goods’ which need to be produced in
the upstream processes, as well as whether .such processes
are to be divided or combined, is then generated. Such
generation is based upon, e.g., the previously generated
production plan data for the downstream processes, Ccom-
ponent configcuration data relating to component part or
type numbers in each step of the process, process data

relating to the upstream processes, and inventory data
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initial ,upstream process or step in which certain sub- This is the

repl acement sheet 23 conponents or conponents are manufactured, and a
‘plurality of internedi ate processes or steps. Processes or steps are
.referred to herein as upstreamor downstreamw th respect to the tinme at
:whi ch they take place during an overall manufacturing process; and,
therefore, other than the first and | ast steps, all steps can be considered
bot h upstream 10

relating to the downstream processes. This ﬁrocess thus
‘Berves to generate production plans foxr the upstream
processes, which will satisfy the final parameters which
are necessary to complete the production of the 'fina..l
product by the system in an efficient fashiomn. '

Further, appropriate production plans for each process.
or step can be generated in accordance with known con-
ditions at any given point in time, without error, and in

" an appropriate sequence, by monitoring the progress of
production plan completion based upon process data, process
step requirements data, and production plan completion data
for each process; identifying those processes or steps for
which production plans are still incomplete and whose plans
are neither limited by nor dependent upon other processes
for which production plars have not been generated, and
thereafter defining these identified processes as the next
processes for which production plans are to be generated
during the sequential development of production plans for
the plurality of processes or steps required to manufacture
a given final product.

Thus, by using a production plan generator in accor-
dance with the present invention, basic data relating to
production equipment, process data which is specific to
each of the -plurality of processes oOXxX steps, and produced
goods data are stored in a first memory as such data is
entered wvia an input device. The . processes for which a
production plan can then be generated are thereafter
detexrmined by the first production plan generator, based
ohly.upon the data which is stored in a first memory area,
then generated, and the_ireafter stored as pre-generated
production plan data in a second memory area. A second
production plan generator thereafter determines the
processes for which production plans can then be generated,
based upon data which is stored in the first memory and the
pre-generated productien plan data which is stored in the
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and dowpstream Applicants further note that other than the fina
.downstream assenbly step, all other steps can be considered upstream steps:
‘and that other than the first and |ast steps in a process, each other step
‘may be either upstream or downstream dependent upon.the step that it is
‘being related to. The process or step that can be planned by the first
production plan generator 2 is generally gonsidered a "downstreant process,
and those processes which can be planned by the second production plan

generator 3 araeec%aer%léaezg,efer Sl YRS | nglhis
specification, since the s<unuﬁ generator “‘uses the dagéféﬁ%s; £b2' Sthe
selected process(es), and phen stores the. .resulting

production plans in the. second memory area. The second
production plan generator repeats this sequence in order to
generate production plans for all remaining processes for
which production plans have not yet been generated. as a
result, simply by inputting initially known data, produc-
tion plans can be automatically generated, with plans first
being produced for those process steps for which production
plans can be generated based only upon known conditions,
irrespective of the chronological, spatial .or other
relationship between production steps. This system thus
gradually meets all of . the requirements +that musc be
satisfied for all of the remaining processes or steps, and
thereby develops an- overall production plan which is
appropriate for all. of the processes needed to manufacture

a final product. '
A production plan generating apparatus is prov1ded for
E generating a plurality of production plans, in-sequential
order to produce a product, for a downstream process in
which said final product is to be produced, and for a
- plurality of upstream processes for producing components
which are wused in forming said fipnal product from a

plurality of components. The production plan generating
apparatus compriges an input device for inputting initial
data,ihcludingldata relating to said downstream process, a
first memory axea for stofing said initial data, a first
production plan generator for generating data relatiﬁg to
a first upstream process which needs to be performed, in
order to produce said final product, before said downstxream
process is pexformed, said first production plan generator
generating a production plan for said first upstream
process, based upon at least some of said initial data, a
second memory area for storing said plan generated by said
first production plan generator, and a second production
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from previ ous "downstrean. processes that have been planned during a
previous calibration or calculation. More particularly, first
production plan generator 2 is utilized for generating "downstream process"
data using "ultinmate downstream process" data, with the second production
pl an generator 3 being repeatedly used to generate upstream process data.
usi ng i nternedi ate downstream process data, and so on. In this case,
ultimate downstream process data is data iln?put t hrough i nput device 14, i
.e., data relating to the production of the final product which is to be
produced by thplphargengratont diomedgenerdbimgt ceaprpdectienditlabeifoy a

internally devghgpgf @2 %ai'f!\PdeieaeP dllitesses, wherein the plan which

| is generated by .said second production plan generator is
based upon at least the plan stored in said second memory
area, and wherein said second upstream process must be
pexformed before said first upstream process is performed
during manufacture of said final product.

The second production plan generator comprises means
for segquentially generating .a production plan for each of
an additional plurality of upstream processes, wherein each
successive plan generated by said second production plan
generator is based at least partially upon the production
plan generated fcr a sequentially previous upstream
process. The initial data includes basic data relating to
the equipment required to produce said final product and
all of said components, and production data specific to
each component and process which is required to produce
said final product. The apparatus further comprises. a
parameter generatcr for generating a plurality of process
parameters for use by said second producticn plan generator

: in generating .production plans for said second and ad-
; _ ditional upstream processes. | .
| | The parametef generator comprises a system for
generating preliminary parameters, said preliminary
paraméters comprising the types of specific components
which must be produced in a sequehtially previous upstream
process, and the exact quantity of said specific components
" which will need.tc.be produced  in said seguentially later
- upstream process, and a system for generating final
parameters which comprise the actual quantities of the
specific components which must be produced during each of
the second and additional upstream prccess.
The invention is also directed to a production plan
generating method for genérating production plans in a
chronologically sequential order, for a downstream process
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producti,on plans for various production steps, which is prepared by the
first production plan generator 2 or (later) by the second production plan
generator 3. An upstream process is a process which may be affected by,
i.e., which will be limted to or restricted by, other This is the

repl acenent sheet Date: 13 MAR 1997 24 production plan processes;
thus, the upstream processes can 13 -

in which a final product: is to be _prdduced," and for a
plurality of upstream processes which are required to form
said final -product from a plurality of components. The

. production plan generating method comprises the steps of
inputting 'initial data including ultimate downstream
process data which relates to the final product to be
produced, storing said input initial data, generating first
upstream process data based upon the initial input data,
said upstream process data relating to one of said upstream
processes which precedes production of said f£inal product,
storing said first upstream process data, and generating
additional upstream process data which relates to an
additional upstream process which occurs during production
of said £final product, said additional upstreém process
data .being based at least partially upon said first
upstream process data, wherein said additional upstream
process must be performed before said £irst  upstream
process 1is performed during production of said final
product.

The method furthex comprises repeating step (e), based
upon the most recently generated additional upstream
process data, until no further processes need to be
performed. in oxrder to form said final product. '

In .another aspect, the present invention:is directed

i to a system for generating an.overall production plan for
| producing -final. products, wherein each of said final
products is comprised of a plurality of components, said
system being provided -for :generating a plan:to determine
the timing of a plurality of sequential process steps used
to produce said .final pr;)ducts,_ anéd the wvolume of f£inal
products . and components which are to be produced. The
system comprises a device for inputting data relating to
the volume of each final product required to be produced,
and the date by which said required volume of said final
products are required to be produced, a memory for storing
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be determ ned only after the closest adjacent (in tine) downstream process
~has been planned. Wen it is determned that a plurality of processes are
‘ready to be planned by the first production plan generator 2 (e.g.,- when X
.and Y data are together received) or to be next planned by the second
‘production plan generator 3, the production plans for these processes can
.be developed in any order. This could occur, e.g., wth respect to
‘process steps which occur at parallel levifs within a producti on process,
for which the specific order of performance is not critical._ Figs. 4a-4c
represent threg dathererle dannéagh | £iedls pseducth gondeatprotaced Ans&dd
;produci ng 100 cgltr.]glt égdgg;[x\f)rlslng information regarding the number and
: types of components which are required to produce each said
final product, for storing the sequence in which said
process steps must be performed in order to produce each
said final product, and for'sto_ring data relating to the
time required to perform each of said sequential - process
steps, and a production plan generator apparatus for
generating separate production plans for producing said
final product and performing each of said steps, said
overall production plan including the seguence in which
said steps are to be performed and the volume of ébmponents
which must be produced during each step, as well as the
date by which each step must be performed in order tc
produce said final product’ in the required volume and by
; the required date.

! The device for inputting data comprises means for
inputting data regarding a plurality of different £inal
P products. At least one of said plurality of final products
has at least one component which is required to be used to
manufacture said at least one final product in common with
a second one of s_aid piurality of different final products.
Each of said . final products is to be manufactured in
_ accordance with a predetermined sequence, wl}ergin said
sequence involves a downstream process step in .which the
final product is assembled, and 2 plurality of.séquential
‘upstream st.:eps-in which the components which axe required
to manufacture said final .product are assembled, wherein
said: production plan generator apparatus 1rc1udes a first
production plan generator and a second producr_:mn plan
generator, said first production plan generator comprising
means for generatihg a plan for producing a final product
in accordance with said downstream process step, based upon
data input by said device for inputting data, _afld wherein
said second production plan generator comprises means for
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X and 100 final products Y, e.g., where X could conprise a 25" television
and Y could conprise a 20" television. Alternately, X and Y could each be
final products to |ater be assenbl ed together. ‘As shown in the far |eft
hand portion of Fig. 4a, data input at 14 in Fig. 1 will show that one
custonmer requires 100 of product X by March 1, with another customer
requiring 100 of product Y by March 2. This data for products X and Y is

i nput through input device 14 and is reféPred to as "ultinmate downstream
process" data, since it includes the custoner date and quantity

requi rement s fogmmdratingr eduslan The preodiectiiag dedeh medforyaial eap@Pream

I ncl udes COf’l‘pCB}GB’&eéé e&t&?@iﬂ'ﬁ@éé%nce with at least some of the data
input by said device for inputting data, and in accordance |
with data relating to an immediately preceding process step
which is reguired to produce said final product.

The production plan generator apparatus includes a
parameter -generator, said parameter generator including
means for generating a prelimiriary paramzter and means for
generating a final parameter, said wmeans for generating a
preliminary parameter including means for extracting data
regaxding an immediately preceding downstream process
production plan, process data, and tree construction data

~ relating to the components of the final product to be
produced, from said memory, said final parameter generator
comprising means for extracting 'inventory data and com-
ponent lot size wanufacturing data from said memory. Each
of said production plan generators comprises means for
generating a production plan for controlling a plurality of
machines used in different process steps required to
produce said final product.

Means are provided for controlling production of said
final products in accordance with said overall production
plan generated by said system. The system includes a
printer <for printing each production plan which is
generated by said system, and a display device for
displaying each production plan which is generated by said

system;_; and the memory comprises a RAM. Means are also
provided for controlling production of each final product

in accordance with said overall prdduction plan generated
by said system. -

"A method is also provided for generating an overall
production plan for producing final products each comprised
of a plurality of cbmponents. The overall production plan
governs the production of said components. and said final
products in a production process including a plurality of
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data (shQown in Figs. 5a and 5b, respectively) for the final product X and
final product Y. This conponent tree information includes the nunber
~of final products which are required (e.g., 100 of X and 100 of YY), as
wel'l as show ng the nunber of conponents and/or sub-conponents which are
required to nmake each final product X and Y, respectively. In both of these
figures, the nunbers shown in parentheses_show the nunber of parts
necessary to nake a single conponent or paPt represented by an inmediate
parent node on the tree. For exanple, a single final product X This is
t he rep|acemﬂﬁquggglgbtprocess1gtng,1gg;d sequential process steps

1nclud1ng a downstream precduction process step which
produces said f£inal products, and a plurality of upstream
production process steps for producing said components.
The method comprises inputting and storing basic data
relating to said production process .and production data
regarding the volume of said final products which is
required to be produced, and the date by which said
required volume of <£final products is xrequired to be
produced, generating and storing a first production plan
for producing said £final products in said downstream
production process step, said first production plan being
based upon at least some of said basic data ard said
production data, generating and storing a second production
plan for a first upstream process step preceding said
downstream process step, based upon at least some of said
basic data, said production data and said first production
plan, determining whethex any additional upstream processes
require planning, and if any additional upstream processes
are identified as requiring planning, generating and
storing a third production plan for an additional upstream
process step which has not yet besen planned and which must
be performed before the first upstream step is performed
during manufacture of the final pxoducts, based upon at
least some of said basic data, said production data, and
the éecond-production plan.

The method further cbmprises generating and storing
overall production plans for a plurality of final products,
wherein at least two of said final products to be'produced
have at'least one componeﬁt in common. The method furthexr

comprises . printing said overall production plan, and
displaying said production plan.

The method further comprises repeatédly determining
whether any required upstream process 5till reguire
planning, and then generating a production plan for the
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25 requires two conponents a and one conponent b; and to nake each
conponent a, two sub-conponents A and three sub- conponents A are
‘required. Therefore, to nake one final product X, four A and six A wll be
necessary. The nunbers in each tree which are provided under the nunbers
/in parentheses indicate the normal |ot size for each com ponent, i.e.,
‘the nunber of conponents which will be p&gduced during a single working
operation run. As shown

next sequential upstream process step to be ﬁerformed in
producing said final product,-each time that any upstream
process steps are determined to still require planning.
Then, a f£inal parameter relating to the volume and type of
components which must be produced in the next process step
to be planned is generated, prior to the generation of each
of said upstream production plans.

The wmethod further comprises producing said final
parameter by extracting from a memory production plan data
for the sequentially preceding plan, construction tree data
relating to the component which must be next produced, and
process specific data, generating a preliminary parameter,
and modifying the preliminary parameter, in order to
generate a final parameter after extracting inventory data
and component lot size from menoxy . Then, the method
involves controlling the production of each of said final
products and each of said components in accordance with
said overall production plan.

The present application is based upon Japanese Patent
_Application Serial No. 4-318,822, which was filed on
November 27, 1992, the entire content of which is expressly
incorporated by reference herein. '

The above and other objects, features and advantages
of the present invention will become more fully understood

and apparent from the detailed description which- follows,
and as shown in the drawings attached hereto, in which like

- refexence numerals are used throughout the several:drawings

_ to designate similar parts,- and wherein:
: Fig.: 1 is a schematic diagram of a production plan
generating apparatus which is used to execute the produc-
_tion plan generating method of the present invention;

Fig. 2 dis a schematic representation of a parameter
generator which is adapted to obtain the final parameters
for upstream processes in the production plan, based upon
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in Fig..5a, during one working operation run, 300 com ponents "a" will be
!produced even though only 200 are necessary to nake the desired 100 fi nal
‘products X. The difference between these two nunbers, i.e., 300-200 = 100,
will later be stored as excess inventory and used in further process

pl anning. As shown in Fig. 5b; each product Y requires one conponent a and
‘three conponents ¢, with each conponent c_requiring one conponent A and two
conmponents [err], with each conponent "a"lﬁgain requiring three [err] and
two [err]. As shomn in Fig. 4a, the final products X and Y are assenbl ed or
produced by ditifee prradusttdtonmpl ans edc ovastaeam processes, ds viewed in

a chronological sequence of processes used ‘in the overall
manufacturing process for a given final product;

' Fig. 3 is a flow chart representing a basic process
for efficiently and sequentially processing production
plané for a plurality of processes or steps used in a
manufacturing process, as the number of known conditions
increase; '

Figs. 4a, 4b and 4c represent an example set of
different plan levels of a process layout for producing
final products, and schematically illustrate the various
machinery and/or stations used in a production process;

Figs. 5a and 5b represent tree configuration data
relating to the type and volume of components which are
necessary to produce a ‘given final product, and also
indicate similar information xegarding the sub-cowmponents
which are necessary to form the components used to assemble
the final product;

Fig. '6 is a block diagram of a known product plan
generator assembly; o '

Fig. 7a is a flow chart representing sevexal of the

basic steps used to generate an overall productlon ‘plan in
accoxdance with the present . invention;

Fig. 7b is a flow chart showing a modification of the
flow chart - -shown ‘in Pig. 7a; ' '

‘Fig. B is a block diagram of a control system-used to
contxol two assembly lines‘'in’ accordance ‘with-a plan
produced by the present system;

" Figs. 9a and 9b, respectively, schematically represent
the wmachines used in two different assembly production
lines for manufacturing finished products; and |

Fig. 10 is a flow chart representing the basic
operations performed by a parameter generator which forms

part of the present system.
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and A2,.,respectively. The nunber of final products X and Y which are
required, and the dates (March 1 and March 2, respectively) are input as
‘customer requirenments (i.e., ultimte downstream process data) via input
.device 14. By using this input data, the dates then indicated in Fig. 4a,
‘nanel y, the operation dates of February 27-February 28 for machine Al and
the operation dates of Februdry 28-March 1 for machine A2 are
calibrated/cal cul ated by first produc- ti & plan generator 2. Pl an
generating systenms and subsystens which may be used to carry oUt the
functions of the fThetspsbducbiforthel amegener atventioans iwelddags sk amncbe

production pl g, geReatQlrha & 365 UrdyP e dd S BEBAYUcE, particularly
: with respect to products. involving a plurality of assembly
lines or processing steps which must be coordinated. This
process and assembly line control system are thus designed
to coordinate the production of finished products from a
plurality of parallel and/or sequential assembly lines for
manufacturing different components which are used .to make
. final products; and can be used either with a single
assembly line oxr with a plurality of assembly lines. While
the 'present invention is applicable to many. types of
products made in accordance with such processes, Applicants
note, by way of non-limiting example, that the production
planning process could be used, e.g., foxr generating an
overall production assembly plan for producing printed
circuit boards, televisions, or automobiles. With such
products, it is possible that related products (e.g., a 25"
television and a 20" television, two diffexent automobile
models manufactured by the same company, ox printed circuit
boards having a similar base but having different com-

ponents) may include one or more component parts in common.
The present invention is not only adapted to be used to
generate a production plan for a single finished product,
but is aiso well adapted for use in situations in which a
company may be faced with the need to produce a number of
different products at the same time, which products have
one or more components in common. o

In the case of a printed -ci_rcuit board, - e.g., the
finished or downstream product may be the printéd circuit
board, with the 'componenés comprising, for example, a
laminated base, one or more modules, and one or more
electronic components. If the manufacturing process is
directed to. producing televisions, for example, the fimal
products could be different size television sets, e.g., a
25" television and a 20" television, with common components

This is the replacement sheet

Date: 13 MAR \997




assigne¥ British Patent 2,219,109 (and its counterpart U.S. application),
whi ch has al ready been incorporated by reference herein inits entirety.
26 The production plan which is illustrated in Fig. 4a, and which is
obtained by first production plan generator 2, is stored as a plan result

in plan result data storage area 23. The data which is provided in Fig.
4a, relating to machines Al and A2, will then be considered as internediate
: 20

including, e.g., certain circuit. boards, and " different
components including, e.g., different LCD assemblies. 2As
another non-limiting example herein, the <£inal product
could include different automobile wmodels of a single
autcmobile manufacturer, with the diffexrent components
including doors and common components including radios,
switches or door handles.

Thus, as can be seen from the above examples, the
applicability of the present invention is quite wide in
scope, and none of the examples which have been given
herein is intended to limit the application of the invea-
tion. The application is thus broadly applicable to
planning production for a variety of manufacturing proces-
ses, as can be used in the fashion set forth hereinafter.

Referring now more specifically to the invention as
described in Fig. 1, an illustrative embodiment of a
production plan generating apparatus/assembly according to
the present invention is illustrated. This apparatus
includes an input device 14, e.g., a keyboard, for entering
initial known data, and a memory 11 having a basic data
storing area 21, a process specific production data storing
area 22, and a plan result data storage arxea 23. The
production plan generating apparatus further comprises a
central processing unit (i.e.,  CPU) 1, a display device 12
and a printer 13, for respectively displaying and printing

a generated production plan. .

i . -CPU 1 has a first productiorn plan generator 2, a
parameter generator 4 for generating a :variety of
parameters used in the production planning process, and a
! - second production plan generator 3.

The first oproduction plan generator 2 generates
production plans for those processes that can be planned
i ' using only initially known data, e.g., basic data 21 and
process specific production data 22. In other words, the
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downst gam process data for calibrating the upstream process data relating

to the other machines involved in the adjacent upstream processes, i.e., in
the next step of the process, machines.Bl, B2 and B3 will be used, as
‘descri bed hereinafter. For purposes of facilitating the manner in which
‘the present product plan generating system and nethod operate, only three
levels of nmachines, nanely, levels A) B and C, are illustrated. Each of the
nunbers Al-A2, B1-B3 and Cl1-C3 represent 2idifferent machine or station for
produci ng different conponents or final products. Fig. 2 illustrates the

details of tdiesar appédicivier 3len 4 gdtictntidr used isr gelefided NG
variety of generating appropriate production pians as ‘part of an
overall, . final production procees, based upon parameters
which are in turn based upon data received from the basic
data storage area 21 and production data storage érea 22.
Thus, production plan - generator 2 1is provided ' for
generating production plans which are not dependént upon
the requirements of any other processes or steps, and which
can be generated before receiving information relating to
such processes or steps. '
Second production plan generator 3 is provided for
thereafter generating production plans for those processes
that can only be properly planned using both the initially
known data and production plan data which is previously
i genexated by the first pro”duction plan generator 2. In
other words, second production plan generator 3 is provided
for generating appropriate production plans for production
processes, other than the final (i.e., the downstream)
actual production process, based upon parameters received
from parameter genérator 4. This second generator thus
generates production plans for those upstream production
processes or steps which are dependent upon the xre-
quirements . and capabilities of later performed (i.e.,

downstream) production processes.

- Memory 11 includes a plurality of information storage
areas, and thus stores a variety of data, including initial
known data which is input wvia input device 14, plar..result
data which is generated by the first production plan
generator 2:and stored in data storage area 23, as well as
plan result .data which is generated by second production
plan genexator 3, and then stored in storage area 23.

Basic data storage area 21 stores data/information
relating to production equipment used in the various
.processes in an overall manufacturing process for a given
final product, such as the number of buildings which the
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par amet efrs needed to pl an the sequential upstream process(es), using
data collected fromdata areas 21, 22 and 23, as shown in Fig. 1..
Paramet er generator 4 conprises a downstream process production plan
data extractor 32 for extracting downstream process production plan data
fromthe plan result data that was generated during a previous operation

cycle, i.e., for a sequentially later (durg’gg producti on) downstream
process; a conponent tree configuration d extractor 34 for extracting a
portion of tree configuration data, exanples of-which are ilJustrated in

both Figs. b5afaetdory, ifcdmdesqdutic gunthairactr agsamblin 1dmay Iozatdiih
data indicati Vgagiz\ 'Bnila%@?r and . the number and type of machines in each
' line,. | :
'~ Production data stored at storage area 22 comprises,
in this embodiment, process data which is specific to each
process or step required to manufacture a final product, as
" well as data relating to the goods which are being produced
{the latter data being referred to hereinafter as "produced
goods data”). More specifically, production - data includes
the number of final goods or products (and, where ap-
plicable, the model number or type) to be produced, the due
date by which each of the final products must be produced,
and cowmpcnent tree configurati'on data which incoxporates
information relating to the number and type of components
which are required to make a final product, illustrated in
a tree and branch confiquration which also dincludes
information relating to the number and type sub-components
required to manufacture each component. Production data
stored at area 22 further includes assembly step data which
specifies the specific. machines which are required ‘to
manufacture various components as well .as .the £inal
product, production rate data which specifies the amount of
time required to make each component or final product which
is to.be produced in the production process, lot size data,
which specifies  the volume-of each component :or final
product which can be produced in-a single working operation
‘run, the time (e.g., number of- hours). -required- for each
such working operation run, inventory data xrelating to the
number of. final. products and/oxr components which have
already been produced, and other relevant data relating to
the production process. .

As noted previously, any given manufacturing process
includes a final downstream process or step, which involves
the assembly of the final product to be manufactured, an
initial upstream process or step in which certain sub-
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and, typ& of parts which will need to be produced in the upstream
process(es); and a process data extractor 33 for extracting process data
(e.g., time and/or production capability) related to machinery that is
necessary f'or making products in the upstream process that occurs just
prior to the downstream step for which downstream process This is the
repl acenent sheet 13 MAR 1997 Dat e:
23
components or components are manufactured, and :a Plurality
of intermediate processes or steps. Processes or steps are
referred to herein as upstream or downstream with respect
to the time at which they take place during an overall
manufacturing process; and, therefore, other than the first
and last steps, all steps can be ccnsidered both upstream |
and downstream. Applicants further note that other than
the final downstream assembly step, all other steps can be
considered upstream steps; and that other than the first
and last steps in a process, each other step may. be either
upstream or downstream, dependent upon the step that it is
being related to.
The process or step that can be planned by the first
production plan generator 2 is generally considered a
"downstream" process, and those processes which can be
planned by the second production plan generator 3 are
generally referred to as upstream processes -in this
specification, since the second generatoxr uses the data
from previous "downstream" processes that have been planhed
during a previous calibration or calculation.: Moxre
i : particularly, first production plan genrnerator 2 is utilized
for generating "downstream process" data using "ultimate
downstream process" data, with the seccnd production plan
generator 3 being repeatedly used to generate upstream
process data. using intermediate dovwnstxeam process data,
and so.on. In this case, ultimate downstxeam process data
- is data input through input device 14, i.e., data i‘elating
to the production of the final product: which'is to be
produced by the plaﬁ, with intermediate downstream process
data being . internally developed data, xrelating to the
production plans for various production steps, which is
prepared by the first production plan generator 2 or
(later) by the second production plan generator 3.
An upstream process ig a process which may be affected

by, i.e., which will be limited to or restricted by, other -
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27 dataswas extracted by extractor .32; and a prelimnary paraneter
‘generator 31. Based upon the extracted downstream production plan
‘data, the process/machinery data, and data which indicates the nunber of
conponent parts to be produced in the next upstream .process, prelimnary
ipar amet er gener at or 31 wll generate prelimnary paraneters, such
as the part nunbers of the parts that nust ,be produced during the next
upstream process(es) and the exact quanti“ties of the corresponding parts
that will need to be used to effect the production plans for.the downstream
processes whi reductienuplintprocesses; thus, the upstream processes can

be determined only after the closest adjacent ~(in time)
downstream process has been planned. When it is detexrmined
that a plurality of processes are ready to be planned by
the first production plan generator 2 (e.g., when X and Y
data are together received) or to be next planned by the
second production plan generator 3, the production plans
.for these processes can be -developed in any order. This
could occur, e.g., with respect . to process steps which
occur at parallel levels within a production process, for
which the specific order of performance is not critical. -
Fige. 4a-4c represent three different planning levels
used in generating a plan.for producing 100 final products
X and 100 finpal products Y, e.g., where X could comprise a
25" television and Y could comprise a 20" television.
Altexrnately, X and ¥ could each be final products to later
be assembled together.  As..shown in the far left hand
portion of Fig. 4a, data input at 14 in Fig. 1 will show
that one customer requires 100 of product X by March 1,
with anothex .customer requiring 100 of product ¥ by March
2. This data for products X and Y is input through input
device 14 and is referred to as "ultimate downstream
process"  data, since it includes the customer date and
gquantity regquirements ror.,_f_in:-_zl products. . The production
data memory area 22 includes componeant tree configuration
data (shown in Figs. 5a and 5b, respectively) for the final
-product ..};::-énd final product Y. This component tree
infoxrmation includes the number of final products which are
required (e.g., 100 of X and 100 of ¥Y), as well as showing
the .nufnber of components. 'a::;d/or .sub-components which are
required to make each final product X and Y, respectively.
In both of these figures, the numbers shown in parentheses
show the number of parts necessary to make a single
cor.nponent' or part represented by an immediate parent node

on - the tree. For example, a single final product X
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i n.the ehronol ogi cal, operational sequence of the manufac- turing process.
 Paraneter generator 4 also conprises an inventory data extractor 35 for
.extracting inventory data with respect to any of the parts or conponents
‘that nust be produced in the upstream process, i.e., .data relating to
‘whether there is any inventory of any such parts, a | ot size data extractor
36 for extracting data regarding the lot size in which conponents/parts
that are to be manufactured in the variougsupstream processes are nornally
produced, a final paraneter generator 37, and a final paraneter nenory 38.
Based upon t hereqmurds diwo ncemponents aa | aid egne .aompdrient verdrad yto make

each component a, two sub-components A and three sub-
components A are required. ' Therefore, to make one final
product X, four A and six & will be nec'essary. The numbers
in each tree which are provided under the numbers in
parentheses indicate the normal lot size for each com-
ponent, i.e., the number of 'components which  will be
produced during a single working operation run. As shown
in Fig. 5a, during one working operation run, 300 com-
ponents "a" will be produced, even though only 200 are
necessary to make the desired 100 final products X. The
difference between these two numbers, i.e.; 300-200 = 100,
: will later be stored as  excess inventory and: used in
| further process planning. '
As shown in Fig. 5b, each product Y requires one
i component a and three components ¢, with each component c
- requifing one component A and two components 7y, with each
component "a" again requiring three 8 and two o.

As shown in Fig. 4a, the final products X and Y are
assembled or produced by different stations or machines Al
and A2, respectively. The number of final products X and
Y which are required, and the dates (March 1 ‘and March 2,
respectively) are input as customer requirements (i.e.,
ultimate downstream process data) via input device 14. By
using this input data, the-dates then indicated in Rig. 4.;a,
nawely, the operation dates of Febfﬁary-27-Pebruary 28 for
machine A1 and the operation -dates’ of FPebruary 28-Maxrch 1
for machine A2 are calibrated/célculaﬁed by -first- produc-
tion plan generator 2. -- Plan' generating systems and
subsystems which may be used to carry out the functions of
the first production plan generator 2, as well as second
production plan generator 3, are described in  commonly
assigned British Patent 2,219,109 (and its countexrpart U.S.
application), which has already been ~incorporated by

reference herein in its entirety.
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dat,a, and the |lot size data, the prelimnary paranmeters generated at 31 are
revised to final paraneters which give the actual quantity of each given
'part nunber or type that nust be manufactured in any given upstream
process. In other words, prelimnary paranmeter generator 31 determ nes
t he vol une of conponents.which nust be produced to satisfy the requirenents
of the generated downstream step or process plan, and the final
‘paranet er generator nodifies these paranef®rs by inposing practical
limtations, resulting fromlot size manufacture and inventory, upon such
prelim nary paranet@hesprodpas ijonn plapawbicheds dldustaratadiin Figmetory
538 and are usegnfYywAEEANIsPEBEEEAE® by first production plan generator 2,
is stored as a plan result in plan result data storage area
23. The data which is provided in Fig. 4a, relating to
machines Al and A2, will then be considered as intermediate
downstream process data for calibrating the upstream
process data relating to the other wmachines involved in the
adjacent upstream processes, i.e., in the next step of the
process, machines.Bl, B2 and B3 will be used, as described
hereinafter. For purposes of facilitating the manner in
which the presert product pian generating system and method
! operate, only three levels of machines, namely, levels A,
B and C, are illustrated. Each of the numbers Al-A2, B1-B3
and Cl1-C3 represent a different machine or station for
producing different componeénts or final products.

Fig. 2 dillustrates the details of the parameter
.generator .4 which is used for determianing a variety of
parameters needed to plan -the sequential - upstream
.process (es), using data collected from data areas 21, 22
| and 23, as shown in Fig., 1. Parameter - generator -4
comprises a downstream : process production plan data
extractor 32 for extracting downstream process production
plan” data from the plan xresult data that was generated
during a previous operation cycle, i.e., for a sequentially
later {during production) downstream process; a componéric
tree configuration data’ extractor 34 for extracting a
‘portion.of tree.configuration data, examples of - which are
.illustrated in.both Pigs. 5a and 5b,- from production data
area 22, in order to .obtain data indicative of the number
and type of pai‘ts which will need to be produced in the
upstream process(es); and a process data extractor 33 for
extracting process data (e.g., time and/or production
capability) xrelated to machinexy that is hecessary for .
making . products in the upstream process that occurs just
prior to the downstream step for which downstream process
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This is™he replacenent sheet 28 plan generator 3 to generate schedul es
for manufacturing conponents during the various upstream processes or
steps. Thus, in order to generate.a paraneter for use by the second product
pl an generator, Fig. 10 illustrates the basic steps perfornmed by paraneter
generator 4. First, at step S31, downstream plan data, the appropriate
tree construction data, and process/ machi gelry data are extracted

data was extracted by extractor .32; .and a bpreliminary
parameter - generatoxr - 31. - Based upon the  ‘extracted
downstream production plan data, the process/machinery
‘data, and data which indicates the number of component
parts to be produced in the next upstream ‘process,
preliminary parameter  generatorxr 31 will .generate
preliminary parameters, such as the part numbers of the
parts that must be produced during the next upstream
process (es) and the exact quantities of the corresponding
parts that will need to be used to effect tke production
plans for the downstream processes which will occur later
in the chronologiéal, operational sequence of the manufac-
turing process. ) : ' N
Paramezer genexator 4 also comprises an inventory data
excractor 35 for extracting inventory data with respect to
any of the parts or components that must be produced in the
upstream process, i.e., data relating to whether there is

any inventory of any such parts, a lot size data extractor
36 for extracting data regarding the lot size in which
components/parts that are to be manufactured in the various
upstream processes are normally produced, a final parameter
generator 37, and a final parameter memory 38. Based upon
the amount of inventory available, i.e., the inventory
data, and the lot size data, the preliminary parameters
genexated at 31 are revised to final parameters which give
the actual quantity of each given part number or type that
must be manufactured in any given upstream process. In
other words, preliminary parameter generatoxr 31 determines
the volume of components which must be produced to satisfy
the requirements of the generated downstream 'step Or
process plan, and the final parameter generatox modifies
these ©parameters by imposing practical limitations,
| resulting from lot size manufacture and invent:o:c'y, upon
, | ~such preliminary parametex(s). The final parameters are
" then stored in memory 38 and are used by second production
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frgqm memory, and at step S32, one or nore prelimnary paraneters are
.generated which are based upon the produc- tion requirenents inposed by the
-downst ream process plan, the anmount of tinme required as determned fromthe
process data, and the nunber of conponents and/or sub-conponents required
to be produced, as determned fromthe tree construction data. Thereafter,
at step S33, inventory data and |l ot size data are extracted from nenory 11,
and one or nore final paraneters are gene?ét ed which inpose practical .
manufacturing limts upon the prelimnary paranmeter(s) which. vere

gener at ed. Nbf:Eanp@l’dﬂs}ldt&fﬂ' y3 besgdnepate t behédiles zﬁomhmahucfantbe:mg
produced, | ess, 8m¥o%)é% ur}\i%g[ 2h¥ various upstream processes Or Steps.

. Thus, in order to generate a parameter for tse by the
second product plan generator, Fig. 10 illustrates the
basic steps performed by parameter generator 4. First, at
step S31, - downstream plan- data, the appropriate tree
construction data, and process/machinery data are extracted_ :
from memory, and at step S32, one or more preliminary
parameters ‘are generated which are based upon the produc-
tion requirements imposed by the downstream process plan,
the amount of time required as determined from the process
data, and the number of components and/or sub-components
required to be produced,” as determined from the tree
construction data. Thereafter, at step S33, inventory data
and lot size data are extracted from memory 11, and one or
more final parameters are generated which impose practical
manufacturing limits upon the preliminary parametex(s)

. which were generated. More particularly, based upon the
. lot size which can be produced, less any excess inventory
' of a final product, component or sub-component which has
been stored ' and retained in memory, a £inal parameter
representing the number of components Or ‘sub-components
whlch are to be produced is generated

As a result production p...ans for the various upstream
pro._esses ‘are calculated/determlned based at least in part
upon the requ:.rements of " the’ productlon plans prev:.ously
genexated for the previous downstream process(es). It is
therefore poss:.ble to automat:.cally and efficiently produce
an overall appropr:.ate product:.on plan for interrelated
upstream and downstream processes and steps,_ i.e., for
planning the coordinateé,. efficient production of =zll
required components, sub-components_’_and final product (s).

Thus, 'paramete* generator 4 serves to extract the
approprlate data from memory 11, based upcon the next level
component to be manufactured (from the tree construction
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of ;a fimal product, component or sub-conponent which has been stored and
.retained in nenory, a final paraneter representing the nunber of

‘conponents or

sub- conponents which are to be produced is generated. As a

:result, production plans for the various upstream processes are

‘cal cul at ed/ determ ned, based at least in part upon the requirenments of the
production plans previously generated for_the previ ous downstream process

(es). It is therefore possible to auto?r%tically and efficiently produce

an overall appropriate 'production plan fqor interrel a@d upst ream and

downst r eam pr o8atabs amt Shepameupt  off Fimfl anfiGgr t

oortli rRk&aF to

efficient prodgete8PmOfeddh _process and transfer a product..from. one

process to another (from the process data extractor 33),

and information xelating to the number of components or
sub-components required, from downstream process production
plan 32. Thus the preliminary parameter generator 31,
based upon this information, determines what components
need to be manufactured next, how much time it will take to
transfer those components, and based upon the data provided
from the adjacent (timewise) ddwnst:;eam process production
plan which has been previously generated, and the tree
construct;‘.on data, the quanti-ty of components which need to
be made. This information-is then sent to the final
parameter generator 37, which modifies that information by
reducing the number of components which need to be manufac-
tured in view of any excess inventory which exists, and by

then taking the lot size for each component into account,

from lot size data extractor 36, in order to determine how
many lots of each component must be made (which will likely
increase the number of components :O be produced). This
data is stored in the final parameter memory 38, and is
thereafter sent to second production plan generator 3.
The reéult of the operations which are performed by
pa;ametér genéra;or 4 and by the second production plan
ge-rfxéf_at':or_‘_.'s._.is i1lustrated in .Figs. 4t and 4c. As shown .in
F:';g. 4b, - 'b'a.x_sed'mu;-)on. known .da-_t;a,_ i.e., based .upon the

interme_diat_e (i.e., sequentially later) downstream process

data dete;rm_i*ned with respect to _mac:hir;es Al_and A2, and the

‘t'r.ee' cq_r;_figuratibn data shown in Pigs. 5a and 5b, upstream

process data ‘relating to machines Bl, B2 and B3 are
determined. Particularly, the lot size, i.e., 300 pieces
of part "a", can be produced by machine Bl if it operates

from February 22 to February 26, in orxder to supply enough

components (a) to machine Al in time for it to begin its
operation on the required date of February 27. Of the 300

T
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requi red conponents, sub-conponents and final product(s). Thus, paraneter
.generator 4 serves to extract the appropriate data fromnenory 11, based
‘upon the next |evel conponent to be manufactured (fromthe tree

cconstruction This is the replacenent sheet Date: 1 3.MAR 1997 29 dat a)
‘and the anobunt of tinme, e.g., that it takes to performeach process and
transfer a product from one

30

pieces which are produced, 2C0 will be supplied to machine
Al by February 27, and 100 need to be supplied to machine
A2 for the manufacture of firal product ¥, by Pebruary 28.
It should be noted that it is coincidental that the 300 lot
size for component (a) eqguals the total requirement of
machines Al and A2 in this example. For example, if the
requirement of machine A2 had also been 200 (in which case
200 of final product Y would have been required), then it
would have been necessary to manufacture 600 of component
ugn (two lots of 300) in order to supply the 400 components
(a) which would have been regquired in that case.
As can further be seen, one lot size (i.e., 2100
pieces) of component "b" will be produced by machine B2,
which will need to operate fcr two days, i.e., on Pebruary
25 and 26, in order to provide 100 components "b* to
machine Al in time for it tc begin operation on February
| 27. Further, one lot size, i.e., 300 pieces.of component
ueh, will be produced by machine B3, which will need to
operate from February 24 through February 27 in order to
supply 300 components "“c' for the manufacture of 100 final
products-Y in a timely fashion, since machine A2 needs 300
components "c" on or before February 28. The production
plan shown in Pig. 4b is generated by production plan
generator 3 and is stored as a plan result in data storage
area 23 of memoi'y 11. . The data which is illustrated in
Fig. 4b, particularly as it relates to machines B1l, B2 and
B3, will then serve as the next. intermediate downstream
process da_ta. for calibratihg .and determining the next
sequential upstream process data which relates to machines
CL, C2 .and C3, all as show._n in Pig. 4c. _
Fig. 4c illustrates the next step for calibrating
upstream process data. In the present example, this is the
last step of the final upstream data which will be
i calibrated; although for any given prbduction process,
there can be numerous additional such steps.
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prqgcesssto another (fromthe process data extractor 33), and information
,relating to the nunber of conponents or sub-conponents required, from
‘downstream process production plan 32. Thus the prelimnary paraneter
.generator 31, based upon this information, determ nes what conponents need
'to be manufactured next, how nmuch time it will take to transfer those
‘conponents, and based upon the data provided fromthe adjacent (tinew se)
downst ream process production plan which Bas been previously generated,
and the tree construction data, the quantity of conponents which need to be
made. Thi s i nf or Aest sbwowins inhBhgsest, tupstreedn pabcpasadetarregbaeing aro 37,

whi ch nDdifie&a%ﬁihééﬁ&¥fnﬂi(gh&nb3 is determined and calibrated based

upon known data, i.e., based upon the intermediate
downstream process data plan which has already been
generated with respect to machines Bl,” 32 and B3, and the
tree configuration data shown in Pigs. 5a and 5b. As shown
in this plan, 600 sub-ccmponerits a (e.g.. two -for each
component a) will need to be produced, as will 1200 sub-
components & (900 for component a, or three for each such
component .a, and 300 for component c, or one for each
component ¢), and 600 7 components will reed to be made (in
order to supply two for each component c¢). -These deter-
minations are made in a virtually identical fashion to the
determinations which were made with respect to wmachines B1,
B2 and B3.

For example, 6§00 sub-components ¢ will have to be sent
to machine Bl by February 20, and thus must be completed by
February 19. Based upon the process. data which is
extracted by process data extractor 33, it will take a
; period of time between February 15-February 19 to manufac-
. ture a sufficient guantity of sub-components o to.satisfy
| the requirement to make component "a" in sufficient
gquantity at machine Bl, starting on February 20. - Thus, 600
pieces (i.e., two lot sizes) of component or part « will be
produced by machine C1, which "will be operated from
February 15-—'February 19, and all 600 pieces of component «o

will ‘be supplied to machine Bl .by February 20. '

Furthermorxre, two lot sizes, .‘i.e.,- 1200 pieces of

sub-component 8, will be prodiuced by machine-C2, which
will need to be operated from February 13-February 19 to
produce the same in tima to supply machines Bl and B3 as
required. Of those 1200 components £, 900 will need to be
supplied to machine Bl for manufacture of 300 components
"a" by February 19, and 300 will need to be supplied to
machine B3 by February 23. Additionally, two lot sizes,
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redquci ng the nunber of conponents which need to be manufac- tured in view
,of any excess inventory which exists, and by then taking the | ot size for

‘each conmponent into account, fromlot size data extractor 36, in order to

determ ne how many | ots of each conponent nust be made (which will likely

‘increase the nunber of conponents to be produced). This data is stored in
the final paraneter nenory 38, and is theﬁ after sent to second production
pl an generator 3. The result of the operatFons which are perforned by

paranmeter generator 4 and by the_second production plan generator S
|Ilustrat ed i h-Figs.6Uh pifces of SmbuFomporent b, whidedresdn tenowm
data, ‘i.e., ppPag@idedPBy hBBhire C3 in a time sufficient to supply them

to machine B3 by February 23. Thus, 600 sub-components v,
will be. produced by machine €3, which will need to be
operated from February 16-February 20, and all €0 pieces
will be supplied to machine B3 by February 24.

The production plan which is illustrated in Pig. 4c
was produced by second production plan generator 3, and is
stored as a plan result in data storage area 23. The data
which is shown in Fig. 4c, particularly with respect to
machines Ci, C2 and C3, thus serves as starting process
data, e.g., as "ultimate" upstream data, which is reguired
to produce 100 pieces of each of the final products X and
Y by the customer required due dates of March 1 and March
2, respectively. T

As is noted above, the first step in preparing an
appropriate plan is to -input the basic data: 21 whick
relates to the production equipment being used, production
data 22, -i.e., process data which is specific to each
process, and produced goods data, throcugh input device 14:
This input data can be referred to as data for "known

conditions," and is stored by memory 1l.

When CPU 1 is operated, processes/steps that can be
planned based oniy upon data stored in basic data storage
area 21 and production storage area 22 in memory 11 will
first be detexmined by the first production plan generatox
2. Thi"s"-.first: plan genefator “then proceeds to generate
‘production plans for the selected processes and stores the
resulting pre-generated production plan data for all such
steps as plan resvlt data.23 in memory 11.

Second production plan generator 3 then det'er_mines
which processes can be next planned based upon the data
! _ (i.e., basic data 21, production data 22 and plan result
. data 23) which is stored in memory 11, generates preduction
plans for the next selected processes,  and cumulativel');
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I nternediate (i.e., sequentially |ater) downstream process data determ ned
W th respect to machines Al and A2, and the tree configuration data shown"
in Figs. 5a and 5b, upstream process data relating to nmachines Bl, B2 and
‘B3 are determined. Particularly, the lot size, i.e., 300 pieces of part
"a", can be produced by nmachine Bl if it operates from February 22 to
February 26, in order to supply enough conponents (a) to nachine Al in tinme
for it to begin its operation on the requgged date of February 27. O .the
300 .

stores the resulting pre-generated production plans in data

storage area 23 of memory 1ll1l. "The second prodiuction plan
generator 3 repeats the process of plan determination-
(i.e., identifying the nex:t step. to be planned)-plan
generation-data storage by following all of the process
steps sequentially backwardly (i.e., in an order inverse to
that in which they will be performed), for all remaining
processes and steps, -until production plans have been
generated for all steps/processes, components, sub-com-
ponents and final products which are required tc produce
the final product(s}.

This process is illustrated in Fig. 7a, which shows
_the first step (the input and storage of basic and produc-
tion data at step S20), the generation and storage of the
first level production plans by first production plan
generator 2 at step 521, and the generation and storage of
all subsequent levels of production plans by. second
_ producticn plan generator 3, at step S22. After second
| production plan -generator 3 stores the plan for each

downstream process, it is then detexrmined, at step S23;
whether there are any further components cr sub-c_omponenf:s
for which plans need to be generated, and if additional
plans need to be generated, then step S22 will again be
executed. If no additional plans need to be ger_x'erated,
then the overall plan is printed by printer .13, or
displayed on a terminal oxr other display device 12, or
forward-ed._to an automated control facility.: -As a result,
simply by inpﬁtting initially known data, production plans
can be automatically ge_neratéd, with priority given to
those processes for which pi‘oduct_:ion plans can be generated

based upon known conditions, irrespective of the
chronological, spatial or other relationships between
production processes; and thereafter, plans for all of the
other required steps in the overall manufacturing process

can be generated in a successive fashion.
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30 ;pi eces which are produced, 200 will be supplied to machi ne Al by
 February 27, and 100 need to be supplied to machine A2 for the manufacture
of final product Y, by February 28. It should be noted that it is
coincidental that the 300 |ot size for conponent (a).equals the total
‘requi rement of machines Al and A2 in this exanple. For exanple, if the
requi renent of machi ne A2 had al so been- 200 (in which case 200 of fina
product Y woul d have been required), then3gt woul d have been necessary to
manuf act ure 600 of conponent "a" (two lots of 300) in order {o supply the
‘400 conmponents (a) thchaﬂoubﬁ halie bfEswr asperteibr N shain cale. Fig. 7a,

. operation ‘shown in Fig. 7b can be used. The difference is
that step S22 is shifted after "YBS" selection of step S23.
Fig. 3 is a flow chart which represents a specific
process for determining/identifying which procésses can
next be planned, using the pre-generated production plan
data, - in order to seguentially generate all ﬁroduction
plans in an appropriate fashion. This process is executed
by the second producticn plan generator 3, based upon the
initially known data and the production plan data which is
generated for the processes that dare plannable based upon
the initially known data, while.generating final parameters
for use in the planning of upstream processes.

As shown in Fig. 3, the completion status of pxoduc-
tion plans is monitored at process selection step 41, based
upon the final parameters (which have taken process data
33/’ into consideration) stored in memory 38, which are
obtained during preliminary parameter generation step 31

' and final parameter generation step 37’ shown in Fig. 3,
and progress ‘data 43, which tracks the completion of
production plans for processes/steps that can be planned
using only the process data and known data. This makes it
possible to determine those processes for which production
plans have not yet been generated, but which are no longer
dependent upon another process for which a production plaLn
has not yet beeh generated, i.e., it assists in determining

those processes which are not then: ;imited by, or 'd'ependent
" upon, - any -other process, and which thus could then be
generated. All such processes 'are'placed next on'the gueue
for process selection 41. |
In’ productibn plan generation process 42, the
operation of second productiori plan generatoxr 3 is carxried
out. More particularly, a production plan is generated for
the preceding process (i.e., the next upstream process)
selected by process selection 41, based upon basic data
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As ;can further be seen, one lot size (i.e., 100 pieces) of conponent "b",
W |l be produced by machine B2, which will need to operate for two days,
‘i.e., on February 25 and 26, in order to provide 100 conponents "b" to
machine Al in tinme for it to begin operation on February 27. Further, one
lot size, i.e., 300 pieces of conmponent "c", wll be produced by machine
B3, which will need to operate from Februgry 24 through February 27 in
order to supply 300 conponents "c" for th Stanuf act ure of 100 fi nal
products Y'in a tinmely fashion, since nachine A2 needs 300 copnponents "c"
on or before FEbrugsodiction ddw produshdoplan aesilowdate R3y.. 40fi she
generated by pprxogéjecstsl Opo:plwnich the production plan is determined is yet

| another upstream process for a downstream process, the
preliminary parameter generation:step 31‘.and the £inal
parameter generation step 37’ will be xun based upon the
most recently generated production plan. If 2o such
further upstream process then exists, the procedure will.
move back directly to the process selection 41. This loop

is then repeated as required until production plans have
been developed for all processes.

The data which is extracted by the parameter generator
4 includes tree construction data 34’/, lot size data 36,
inventory data 35‘ and pxocess data 33’.

As a result, appropriate production plans for each
process/step can be devéloped without error, and in
appropriate order, based upon the known conditions at any
point in time. o

Figs. 8, 9a and Sb are schematic representations of

one way in which the overall plan which is generated,
printed and displayed in Pig: 1 may be used to control the
operation of & process for producing one or more Zfinal
products. In Pig. 8, a control system 50 is shown which
controls two different production lines, e.g., production
‘line 52 for final product X.{e.g., a 25" television) and
prbduction line 54 for final- - product Y (e.g., a 20"
television). Although the exact manner of implementing the
control of the production -lines is not shown herein, it
would be possible to implement a plan which is generated to
contxol either or both of .lines 52 and 54, either by
contxolling individual macilines or stations in accordance
with the overall plan generated,. or by input into a central
controller which then would control all such machines or
stations.

' The machines or stations in each of the processes are
i illustrated schematically in Figs. Sa and 9b and generally

This is the replacement sheet

13 MAR 1997

Date: -




generater 3 and is stored as a plan result in data storage area 23 of
.menmory 11. The data which is illustrated in Fig. 4b, particularly as it
‘relates to machines Bl, B2 and B3, will then serve as the next.
‘internmedi ate downstream process data for calibrating and determ ning the
next sequential upstream process data which relates to machines Cl, C2.and
C3, all as shown in Fig. 4c. Fig. 4c illu§ rates the next step for
.calibrating upstream process data. In the Eresent exanple, this is the | ast
step of the final upstreamdata which will be calibrated; although for any
.gi ven product i onrpespesd -tohdhe ssatbonsdimacbineadghorFondn Fi@s .sté@p<c.

More particularly, Pigs. %9a and Sb show machines Al and A2
which are recquired to assemble the final products X and Y,
respectively, -as part of respective assembly lines 52 and
54. The required machines/stations £or final pxrcduct X
include machines Bl and B2, and machines C1 and C2 for
producing and supplying sub-components to component station
Bl. For assembly line 54, the final product ¥ which is
assembled ‘at  station.: A2 receives components from
stations/machines Bl and B3. Station Bl, in turn, receives
sub-components from stations C1 and C2, with station B3
receiving sub-components from stations C2 and C3.

By using the production plan generating method of the
present invention as described above, it is possible to
efficiently develop appropriate production plans for all
processes because individual production plans will be
generated in a coordinated fashion in sequential order,
with priority given to generating plans for those processes
for which production plans can be generated based upon
known conditions ‘at any point in time, and which do not
depend upon the chronological, spatial or other relation-
ship between production processes, thereby limiting the
generation of production plans for remaining.  processes
while gradually developing .plans appropriate for all of the
processes/steps of manufacturing components, sub-components
and the final product(s).

Further, if production plans for downstream processes
are generated first in a process in which there are a
plurality of chronologically sequential processes, the
parameters, including the product number, type and guantity
of goods to be produced in the upstream processes, and when
the processes are to be divided or combined, can then be
generated based upon previously generated production plan
data for the downstream processes, with the later generated
production plans for upstream processes being generated to
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Thi;s i ssthe replacenent sheet Date: 31 As shown in Fig. 4c, upstream
.process data relating to machines Cl, C2 and C3 is determ ned and
calibrated based upon known data, i.e., based upon the internediate
-domnstrean1process data plan which has already been generated with respect
to machines Bl, B2 and B3, and the tree configuration data shown in Figs.
:5a and 5b. As shown 37

satisfy those parameters; and, in this fashion, “an optimal
production plan, which minimizes  the time 1lag ' between
chronologically sequential processes, can be generated for
.manufacturing processes which assemble components, manufac-
tured in a plurality of upstream process steps, as'a single
product oxr part in a downstream process. .
Further, by monitoring the 'progress of production plan
completion for each process/step, and by identifying for
next plan generation, those processes for which production
plans have not yet been completed, and which can be
generated .without information from another process for
which a production plan has not yet been generated,
appropriate and complete production plans for each produc-
tion step can be generated in accordance with known
conditions at any given point in time without error and in
appropriate sequence, efficiently and without (or with
minimum) failurxe. . i
By using .the ‘production plan generator system in
accordance with the present invention, a production plan
for a plurality of processes or steps can be -generated
easily and within a relatively short period of time merely
by . inputting initially known data, since individual
production plans can be generated with priority .given to
those processes_ for which production plans can be generated
i . based upon known . conditions,. and which do not_depené upon
a chronological, spatial or other relationship between
production processes 'in-order to produce their respective
plans. "~ This will satisfy the conditions which limit.
generation of production :plans - for remaining processes
. wvhile gradually developing plans which are appropriate for

all such processes.
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I n;thiswplan, 600 sub-conponents a (e.g., two for each conponent a) wll
.need to be produced, as will 1200 sub- conponents [err] (900 for conponent
a, or three for each such conponent a, and 300 for conp o1

each conponent c), and 600 [err] conmponents will need to be[‘hg%geeetl(lalls ols e‘eﬂrz‘med

to supply two for each conmponent c). These deter- m nationsumﬂH il

virtually identical fashion to the determ nations which were

respect to nmachines Bl, B2 and B3. For exggple, 600 sub-conp

have to be sent to machine Bl by February~”20, and thus nust be conpl eted by
February 19. Based upon the ProGess » C}LatMa\s which 1is

1. A production ‘plan ‘geénerating’ - apparatus for
generating a plurality of production plans, in sequential
order, for producing a final product, for a downstream
process in which said final product is to be produced, and
for a plurality of upstream processes which are used in
forming said final product from a'plurality of components,
said production plan generating apparatus comprising:

an input device for inputting initial data
including data relating to said downstream process;
a first memory axea for storing said initial
data; '
a first production plan generator for generating
data relating to a first upstream process which reeds to be
performed, in order to prdduce said final product, before.
said downstream process is performed, said first production
plan generator generating a production plan for said first
é upstream process, based upon at least some of said initial
data; '
a second memory area for storing said plan
generated by said first production plan generator; and
a second production plan generator for gererating

a production plan for a second of sald upstream processes,
wherein the plan which is generated by said second produc-
| tion plan generator is based upon at least the plan stored
in said second mwemory area, and wherein said second
upstream: process must be -performed - before said first
upstrxream process is performed - during -the -process of
manufacturing said firal product.’ e

2. A producticn blan ‘generating apparatus in
accordance with claim 1, wherein said second production
plan generator comprises means for seqguentially generating
a production pian for each of an additional plurality of
upstream processes, wherein each successive plan generated
by said second production plan generator is based at least

. This is the replacement shget
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extracted by process data extractor 33, it will take a pm_ﬂ
-between February 15-February 19 to nmanufac- ture a sufficiqpt aced

! . Sibk3 Ak Béey Reyl
sub-conponents a to satisfy the requirement to nmake conp
.sufficient quantity at nmachine Bl, starting on February 20. r‘m%mm‘)m “
pieces (i.e., tw lot sizes) of conponent or part [err] wl uce

by machine d, which will be operated _from February 15-February 19, and
all 600 pieces of component a will be sup?)?i ed to machine Bl by February

20. Furthernore, two lot sizes, i.e., 1200 pi eces of sub-conponent [err],

will be produpsatBpliycien: TRTFNEH QR 1B1aTe RF NG PSS oh SRR HeDhor
February 13- Fgbpldfent3d19y adjacent downstream process.

3. A. production plan generating apparatus -in
accordance with claim 1, wherein said initial data includes
basic data relating to the equipment required to produce
said final product and all of said components, and produc-
tion data specific to each component and. process.which is
required to produce said .final product.

4. . A production  pian generating apparatus in
accordance with claim 1, further comprising a parametex
generator for generating a plurality of process parameters
for use by said second production plan generator in
generating- production plans. for said second and said
additional upstream processes.

5. A productcion plan -generating apparatus in
accordance with claim 4, wherein said parameter generator
comprises a system for generating preliminary parameters,

said preliminary parameters comprising the types of

components which must be produced in a sequentially later

process, and the exact quantity of said specific components

which will need to be produced in said sequentially later

process, and a system for generating f£inal parameters which

compiise the actual quantities of-the specific components

| which must be produced during ‘each of said second and

| additional upstream processes. : e

i 6. A production plan generating method for generating

production plans in a chronologically seguential order, for

a downstream process_in which a final product ‘is to be

produced, and for a-plurality of upstream processes which

are required to form said final product from a plurality of

components, said_  production plan generating method
comprising the steps of: |

(a) inputting. initial data including ultimate

downstream process data which relates to the final product

to be produced;..
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prqduce.the sane in tinme to supply machines Bl and B3 as re\qﬁ red O those
h
| o

1200 conponents [err], 900 will need to be supplied to mac en Replaced
manuf act ure of 300 conmponents "a" by February 19, and 300 w m?
‘supplied to nmachine B3 by February 23. - Additionally, two

Is the repl acenent sheet Date: 1 3 MAR 1997 32 i.e., 600 pi eces o

sub- conponent [err], wll need to be 40

(b) storing said input:initial data; . -

“(c) generating first upstream process data based
upon the initial input data, .said upstream process data
relating to one of _séid upstream processes which precedes
production of said final product; '

" {d) storing said fi_rs-t upstream process data;
and N

(e) generating additional upstream process data,
‘which relates to an additional upstream process which
occurs - during production -of said final product, said
additional upstream process data being _based ‘at least
partially upon said first upstream process data; wherein
said additional upstream process must -be performed before
said first upstream process is performed during production

of said final product.
7. A production plan generating method in accordance

with claim 6, further comprising repeating step (e), based
upon the most recently generatéd additional upstream
process data, until no <further processes need to Dbe
performed in order to form said final product.

8. A system for generating an overall production plan

‘ - for producing final products, wherein each of said final
: pfoducts is comprised of a plurality of components, said
system being pr'ovided for generating a plan to:-determine
the timing of a plurality of sequential process steps used
to produce said final products, and the volume -of final
' produr':"s' and components which are to be produced, said
system comp*:l.s:mg - B
(a)  a device for" 1nput'c:mg data relating to the
volume of each final product required to be produced, and
the date by which said xrequired volume of said final
products are required to be produced; |
(b) a memory for storing a data tree for each
final product to be produced, said data tree comprising
information regarding the nurber and types of components
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produced by machine C3 in a time sufficient to supply thﬁm_t_o_n.acrhm B3 by
February 23. Thus, 600 sub-conponents [err], wll be produced |
C3, which will need to be operated from February 16- Febru"&‘?‘?m'mm

mmd

600 pieces will be supplied to nmachine B3 by February 24
plan which is illustrated in Fig. 4c was produced by'secon
generator 3, and is stored as a plan resulh I n data storage area 23. The
data which is showmn in Fig. 4c, particula# y with respect to machines_Cl,
C2 and C3, thus serves as starting process data, e.g., as "ultimate"

upst r eam dat a¥highi &ire se@yredegot prpdoqaceagbospndcésr@fl Produst ,t feor

final productge¥-3nd tne sequence in which said process steps must be
performed in order to produce each said final product, and
for storing data relating to the time required to perform
each of said sequential process steps; and _

(c) a production plan generator apparatus for
generating separate production plians for producing said
final product and performing each of said steps, sal
overall production plan including the sequence-.in which
said steps are to be performed and the volume of components
which must be produced during each step, as well as the
date by .which each step must be performed in .oxder to
produce - said final product in the required volume and by
the required date. o ' -

9. A system in accordance with claim 8, wherein said
device for inputting data comprises means for inputting
data regarding a plurality of different final products.

10. A system in accordance with claim 9, wherein at
least one of said plurality of different final prbducts has
at least one component which is rxequired .to .be used to
manufacture said at least one final product in common with
a second one of said plurality of different finai_products.’

11. A system in accordance with claim 8, wherein each
of said final products is to be mahufactured. in accordance
with a - predetermined sequence, wherein said. . sequence
involves a. downstream process step in which the f1na1
product is assembled,- and.. a. plurality. . . seguential
‘upstxeam steps in whichk the ;gmponents whlch are requlred
to manufacture said final product are assembled wherein
said production plan generator apparatus includes a firsc
production plan generator and a second productlon plan
generator, said first production plan generator comprising
means for generating a plan for producing a final product
in accordance with said downstream proceéss step, based upon
data input by said device for inputting data, and wherein
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Y by the custoner required due dates of March 1 and Nhrth—i*—~+esﬁee%ively
As is noted above, the first step in preparing an appropri g%ﬁeeplll
i nput the basic data 21 which relates to the productlon

used, production data 22, -i.e., process data which is spe
process, and produced goods data, t hrough i nput device 14;
can be referred to as data for "known conditions, and is stored by nennry

11. When CPU 1 is operated, processes/stepd that can be pl anned based only
upon data stored in basic data storage area 21 and productlon storage area
22 in nmenory lkadul lsecond production plan. generator comprises means for

generating - a plan; for performing each of -said.-upstream
process_ steps in accordance with at least some of the data
input by said device for inputting data, and in accordance
~with step data relating to an immediately preceding process
step, which is reguired to produce said final product.

12. A system in accordance with claim 11, wherein
said production plan generator apparatus includes a
parameter generator, said parameter generator including
means for generating a preliminary parameter and means for
generating a final parameter, said means for generating a
preliminary parameter including means for extracting data
regarding ‘an imm_ediat:ely preceding downstream process
production plan, process data, and tree constructicn data
relating to the components of the final product to be
produced, from said memory, said final parameter generator
comprising means for extracting inventory data ard com-
ponent lot size manufacturing data from said memory.

13. A system in accordance with claim 11, wherein
each of said production plan generators comprises means for
genexating a.production plan for controlling a plurality of
machines used in different process steps required to

produce said final product. _ _

14. A system in accoxdance with. cla:nn 11, further
| ‘comprising means controlling- production of said £final
products in .accordance with -said-overall production plan
-generxated by said system. s , .. e

'15. A system in-accoxdance with-claim 8, said system -

including a printer for pr:mta.ng each production plan which
is generxrated by sa:.d__sy_stem, and a display device for
displaying each production plan which is generated by said
system.

16. 'A system in accordance with claim 8, wherein said

-memory comprises a RAM,

. “This is the replacement sheet
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first be determned by the first production plan generator 2.~ This first
~plan generator then proceeds to generate production pl hggﬁastmenk 1aced
'sel ected processes and stores the resulting pre- generate

data for all such steps as plan result data 23 in nenory

production plan generator 3 then determ nes whi ch process

pl anned based upon the data (i.e., basic data 21, productlon data 22 and
plan result data 23) which is stored in rmehory 11, generates production
pl ans for the next selected processes, and cunul atively This is the
repl acement sheet 17.. A system in accordance with claim 8, further

- comprising means for controlling production of each final
product in accordance with said overall production plan
generated by said system. '

18. A method of generating an overall production plan
for producing final products each comprised of a plurality
of components, said overall production plan governing the
prcduction of said components and said final products in a
preduction process including a plurality of seqguential
process steps, said sequential process steps including a
downstream production process step which produces said
final products, and a plurality of upstream production
process steps for producing said components, said method
conprising: |

(a) input:ting and storing basic data relating to
said production process and production data regarding the
voiume of said final products which is required to be
produced, and the date by which said required volume of
final products is required to be produced;

(b) generating and storing a first production
plan for producing said final products in said downstream
production process step, said first production plan being
based upon at least some of said basic data and said

production data;

i (c) geherating and storing a second production
plan for a first upstream process step preceding said
downstream process step, based upon at least some of said
basic data, said production data and said first production
plan; - _ '

(d) determining whether any additional upstream
processes require planning; and '

(e) if any additional upstream processes are

identified as reguiring planning, generating and storing a
third production plan for an additional upstream process
step which has not yet been planned and which must be

[
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33,stores the resulting pre-generated production pl ars—in—¢data storage—area
23 of menory 11. The second production plan generator

3 re t.s the
“process of plan determination- (i.e., identifying the ?1}"5 hest asg&nﬁ jaced

pl anned) - pl an generation-data storage by follow ng all } ||E W}Hﬂ Lsteps
sequentially backwardly (i.e., in an order inverse to t ey
wll be performed), for all renmaining processes and steps, until
production plans have been generated for # | steps/processes, conponents,

sub-com _ _ _ .
performed before said first upstream process is performed
during manufacture of said_tinal products, based upon at
least some of said basic data, said production data, and
the second prcduction plan. o

19. A method in accordance with claim ‘18, further
comprising generating and storing overall production plans
for a plurality of final products.

20. A method in accordance with claim 19, wherein at
least two. of said final products to be produced have at
least one component in common.

~21. A method in accordance with claim 18, further
comprising printing said overall production plan.

22. A method in accordance with claim 18, further
comprising displaying said overall production plan.

23. A method in accordance with claim 18, further
comprising repeatedly determining whether -any required
upstream process steps still require planhing.

' 24. A method in accordance with claim 23, further

|‘ comprising generating a production plan for the next

l | sequential upstream process step to be performed in

producing said final product, each time that any upstream

| process steps are determined to still require planning.

! - 25. A method in accordance with claim 24, further

= comprising generating a final parameter relating to the

| volume and type of mco-ﬁlponents which must be produced in the
next process step to be planned, prior to the generation
of each of said upstream production plans. '

26. A method in accordance with claim 25, further
comprising producing said. final parameter by extracting
from a mewmory production plan data for a seqguentially
preceding plan, construction txee data xelating to the
component which must be next produced, and process specific
data, generating a preliminary parameter, and modifying the
preliminary parameter in order to generate a final
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ponents -and final products which are required to produEE—THE*T"‘aI
product(s). This process is illustrated in Fig. 7a, whi CTh1§$lﬁw$Ia§}§&nﬁé a%éd
step (the input and storage of basic and produc- tion dat

the generation and storage of the first |level production Jﬁ!
production plan generator 2 at step S21, and the generatio
all subsequent |evels of production plans by second production plan
generator 3, at step S22. After second -p#dduction plan generator 3 stores
the plan for each downstream process, it is then determ ned, at step S23;

whet her t her @a3iathetity [ Urd ftedr COMRNATITy Anvidift 19 MeAeat énd component
' lot size from a memory.
27. A method in accordance with claim 18, further
comprising controlling the production of each said final

product and each of said components in accordance with said
overall production plan.

28. A production plan generatlng apparatus substantially
as described with reference to Figures 1 to 5 or 7 to 10 of
the accompanying drawings.

29. A'system substantially as described with reference to
Figures 1 to 5 or 7 to 10 of the accompanying drawings.
30. A method substantially as described with reference to
Figures 1 to 5 or 7 to 10 of the accompanying drawings.
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for *whi ch plans need to be generated, and if additional plans need to be
generated, then step S22 will again be execut ed. If no additional plans
need to be generated, then the overall plan is printed by printer 13, or
di spl ayed on a termnal or other display device 12, or forwarded.to an
automated control facility. As a result, sinply by inputting initially
known data, production plans can be automatically generated, with priority
given to those processes for which production plans can be generated based
upon known conditions, irrespective of the chronol ogical, spatial or
ot her rel ationshi ps between production prqgesses; and thereafter, plans for
all of the

ABBTRACT
PRODUCTION PLAN GENERATING METHOD AND APPARATUS

A production plan generating apparatus, and a method,
are provided for generating production plans in sequent1a1
chronological order, <from an ultimate downstream process
in which a final product is produced, to all of the
upstream processes regquired to produce components needed to
make the final product. The apparatus includes an input
device (14) for inputting initial data including ultimate
downstream process data, and a mewmory (11, 21, 22, 23) for
storing the input data, machine data and process data,
and a generator (1, 2, 3, 4) for generating a production
plan for the final product, and upstream plans for the
components and/or sub-components which are required in
order to produce the final product. The generator uses the
ultimate downstream process data to generate intermediate
downstream process data relating to the production process
that occurs just before the ultimate downstream ‘process is
effected, and sequentially generates data relating to
further upstream processes in a sequential order, using
data from an immediately prior upstream process plan.

(Figure 1]

Sheet Has Been Replaced

R

This is the replacemsnt sheet




other required steps in the overall manufacturing process can be generated
I n a successive fashion. 34 Instead of -the flow opertion shown in
Fig. 7a, operation shown in Fig. 7b can be used. The difference is that
step S22 is shifted after "YES" selection of step S23. Fig. 3 is a flow
chart which represents a specific process for deternining/identifying which
processes can next be planned, using the pre-generated production plan
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data, in order to sequentially generate all production plans in an
appropriate fashion. This process is executed by the second production plan
generator 3, based upon the initially known data and the production plan
data which is generated for the processes that are plannabl e based upon the
initially knowmn data, while generating final paraneters for use in the
pl anni ng of upstream processes. As shown in Fig. 3, the conpletion status
of produc- tion plans is nonitored at p2déess sel ect ep 41, pased upon
the final paraneters (which have taken process data i nt o_consi\der ati on)
stored in nenory 38, which are obtained during prel ary pg metier

o

generation step 31',
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and- fi nal paraneter generation step 37" shown in Fig. 3, and progress data
43, which tracks the conpletion of production plans for processes/steps
that can be planned using only the process data and known data. This nakes
it possible to determ ne those processes for which production plans have
not yet been generated, but which are no | onger dependent upon another

process for which a production plan has not yet been generated, i.e., it
assi-sts in determ ning those processes ﬁgk h are not then limted by, or
dependent upon, any other process, a ich thus could then be

generated. All such processes are placed gext on t he queue for process
sel ection 41. N
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In*production plan generation process 42, the operation of second
production plan generator 3 is carried out. Mre particularly, a production
plan is generated for the preceding process (i.e., the next upstream
process) selected by process selection 41, based upon basic data This is
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and pl an resul;:data 23' I f the 4/10
Al Bl fe— ] Cl
31 o : .
x:100] X:190 a. a.
'2/27~2/28 |
2 Y7100 = s > B =
Y1001 ) 128371 ' '
| = 4 =
. C. Y-
Fig.4b
31 [ Al 7 Bl j&— . Ci
X:100( * a:200 |a- «.
2/27~2/28 2127 | 2/22~2/26
. a.10 :
A2 B2 C2
3/2 ton 2126 1 :
y:100] 71190 bi100 |P:100 E
2/28~3/1 2/25~2/26
| |
|
{
| B3 3
c:300 |c:300 y -
Fiq.4 | 2724~2/27
Ig. C
Al Bl je&e——]" C1 |
X700 JSE8 27300 A8 27300,300
2/27~2/28 %/27. 2/20~2/25 12/15~2/189
3/2 Az 2/26 B2 B 25(1)8 ¢
| y:i00| Y2100 1 piigo [DIW0 ) Toppg | /8-600,600
2/28~3/1 2/25~2/26 | 51300, -2/13~2/18:
| A2 T30 . 2023 77300 o
This is the replacemﬁnt 'Shee? 2/24~2/27 Y - : 2/-‘6~2/20

Daie: 1 3 Mak 1997



proeess -for which the production plan is determned is yet another
upstream process for a downstream process, the prelimnary paraneter
generation step 31' and the final paranmeter generation step 37" wll be
run based upon the nost recently generated production plan. - |f no such
further upstream process then exists, the procedure will nove back directly
to the process selection 41. This |loop is then repeated as required until
production plans have been devel oped for all processes. The data which is
extracted by the paraneter generator 4 includes tree construction data 34",
| ot size data 36', inventory data 35 and process data 33'. °
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As & result, appropriate production plans for each process/step can be
devel oped without error, and in appropriate order, based upon the known
conditions at any point intinme. Figs. 8 9a and 9b are schenmatic
representations of one way in which the overall plan which is generated,
printed and displayed in Fig. 1 may be used.-to control the operation of a
process for producing one or nore final products. 1In Fig. 8 a control
system 50 i s shown which controls two different production lines, e.g.,
production line 52 for final product X ¢g1@., a 25" television) and
production line 54 for final product Y (e.g., a 20" )
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tel®visicon). Al though the exact manner of inplenenting the control of the
production lines is not shown herein, it would be possible to inplenent a
pl an which is generated to control either or both of Ilines 52 and 54,
either by controlling individual machines or stations in accordance with
the overall plan generated, or by input into a central controller which
then would control all such nmachines or stations. The machi nes or stations
in each of the processes are illustrated schematically in Figs. 9a and 9b
and generally This is the replacenment sheet 1 3 MAR 1997

7/10

Fig.7a

INPUT+STORE BASIC DATA AND |
PRODUCTION DATA 20

GENERATE AND STORE PRODUGTION
PLANS FOR SELECTED PROCESSES /
' STEPS, USING FIRST PRODUCTION {921

PLAN GENERATOR

GENERATE AND STORE UPSTREAM

PRODUCTION PLAN(S) BASED UPON S22
BASIC DATA, PRODUCTION

DATA, AND PRODUCTION PLAN

YES - DETERMINE IF ANY 823
REMAINING PROCESSES / STEPS
STILL NEED PLANNING

NO

PRINT AND/OR DISPLAY PLAN

This is the replacement sheet

Date: 1 3 MAR 1997



Date& : ™ 36 correspond to the stations/machines shown in Figs. 4a-4c. Mire
particularly, Figs. 9a and 9b show machines Al and A2 which are required to
assenble the final products X and Y, respectively, as part of respective
assenbly lines 52 and 54. The required machi nes/stations for final
product- X i ncl ude machi nes Bl and B2, and machines Cl and C2 for producing
and suppl yi ng sub-conponents to conponent station
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Bl1.-* For assenbly line 54, the final product Y which is assenbl ed at
station A2 receives conponents fr.om stations/ machi nes Bl and B3.
Station Bl, in turn, receives sub-conponents fromstations Cl and C2, with
station B3 receiving sub-conponents fromstations C2 and C3. By using the
production plan generating nethod of the present invention as descri bed
above, it is possible to efficiently devel op appropriate production plans
for all processes because individual production plans will be generated in
a coordinated fashion in sequential ord®/l0with priority given to
generating plans for those processes for which production pldns can be

ted based .
gener ated base upjﬂyél.é;
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knowh conditions at any point in time, and which do not depend upon the
chronol ogi cal, spatial or other relation- ship between production
processes, thereby linmiting the generation of production plans for
remai ni ng. processes while gradually devel opi ng. pl ans appropriate for al

of the processes/steps of manufacturing conponents, sub-conponents and the
final product (s). Further if production plans for downstream processes are
generated :first in a process in which there are a plurality of
chronologlcally sequenti al processes, the paraneters, including the product
nunber, type and quantity of goods to béObEGduced in the upstTeam
processes, and when

Fig.10
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t he procésses are to be divided or conbined, can then be generated based
upon previously generated production plan data for the downstream
processes, with the |ater generated production plans for upstream processes
being generated to This is the replacenment sheet Date: 37 satisfy those
paranetejs; and, in this fashion, an optimalg production plan, which
mnimzeg the tine | ag between .

. Serial No. 08/116,730 which was allowed by the U.S. patent

and Trademark Office on February 3, 1994.

Both United kingdom Patent No. 2,219,109 and U.S. Serial No.
5 08/116,730 are expressly incorpoarted by reference herein in

their entireties.

Accordingly, one object of the present invention is to
provide a production plan generating method and a related
10 apparatus for rapidly developing an optimal production plan
for a plurality of interelated production processes or
steps, which takes the respectiVe limitations of the
processes, and the relationship between the steps, inot
account when generating an overall production plan for

15 producing a final product.

According to the invention in a first aspect, there 1is

. provided a production plan generating apparatus for

generating a plurality of production plans for a plurality

20 of different prodﬁcts, in sequential order, for producing a

final product, in which said final product employs at least

one component common to said ‘plurality of different

products, for a downstream process in which said final

product is to be produced, and for a plurality of upstream

25 processes which are used in forming said final product from

a plurality of components, said production plan generating
apparatus comprising:

an input device for inputting initial data including data

This is the replacement sheet
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S

chronol ofji cal | y sequenti al processes, can be generated for manufacturing
processes whi ch assenbl e conponents, nmanufac- tured in a plurality of
upstream process steps, as a single product or part in a downstream
Further, by nonitoring the progress of production plan conpletion

process.

for each

processes
can be ge
producti o
producti o
w th know

1

10

15

20

25

process/step, and by identifying fagf next plan generation, those
for which production plans have not yet been conpleted,
ner?t eéﬁilﬂtm?u'ﬁtd n§ 9 B stireama it s Pr o eshilcdr sdighfanal
h plan has no

h pl anprbanceath poodacprbi@dedtep can be generated in accordance

and whi ch

yet been generated, appropriate and conpl ete

a first memory for storing said initiai data;

a first production plan generator for generating a first
production plan including data relating to a first upstream
process which needs to be performed in order to produce said
final product, béfore said downstream process is performed,
said first production plan generator generating said first
production plan for said first upstream process, based upon
at least some of said initial data and upon overall
manufacturing process information;

a second memory for storing said first production plan;

a second production plan generator for generating a second
production plan, that is stored in another memory distinct
from the second memory, for a second of said upstream
processes which needs to be performed in order to produce
said final product, before said downstream process 1is
performed, wherein said second production plan is generated
based upon at least said first production plan stored in-
said second memory, and wherein said second upstream process
is performed during the process of manufacturing said final
product;

wherein said first production plan generator is provided for
generating production plans which are independent of the
requirements of any other processes or steps and which can
therefore be generated before receiving information relating .
to any other processes 6r step; and

wherein said second production plan generator is provided

This is the replacement sheet
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condi ti ohs at any given point in tine without error and in appropriate

sequence

, efficiently and without (or with mininmun) failure. By using the

production plan generator systemin accordance with the present invention,
a production plan for a plurality of processes or steps can be generated

easily a
initiall
gener at e
pl ans ca
depend u

nd within a relatively short period of tine nerely by. inputting
y known data, since individual production plans can be

0 with petorigendiateing o EJI@E@CI@&%GS_SI?TﬁanéOV ufdﬂlcihzipfgﬁduebirqable

h be generated based upon known. conditions, and which do not

bon a cylbochofonatulepaiiith @reotiepentenat uposhatp ldmeitverie other
process or step and require information from at least one
other production plan before generation of a second

5 production plan, in order to determine a production schedule
for producing said final product in accordance with an

availability of said at least one component common to said

plurality of different products.

10 Preferably said second production plan generator comprises
means for sequentially generating a production plan for each
of an additional plurality of upstream processes, wherein
each successive plan Qenerated by said second production
plan generator is based at least partially upon a production

15 plan previously generated for a sequentially adjacent

downstream process.

Preferably said initial data includes basic data relating to
the equipment required to produce said final product and all
20 of said components, and production data specific to each
component and process which is required to produce. said

final product.

Preferably the apparatus further comprises a parameter
25 generator for generating a plurality of process parameters
for use by said second production plan generator in

generating production plans for said second and said

additional upstream processes. Preferably said parameter

This is the replacement sheet
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producti on processes in-order to produce their respective plans. This will
satisfy the conditions which limt generation of production plans for
remai ni ng processes while gradually devel opi ng plans which are appropriate
for all such processes. This is the replacenent sheet Date: 13 MAR 1997
38 d ai nd 7

generator domprises a system for generating preliminary
parameters, said preliminary parameters comprising the types
of components which must be produced in a sequentially later
process, and the exact quantity of said specific components
5 which will need to be produced in said sequentially later
process, and a system for geherating final parameters which
comprise the actual quantities of the specific components
which must be produced during each of said second _and
additional upstream processes.
10 _
According to the invention in a second aspect, there is
provided a production plan generating method for generating
production_plans in a chronologically sequential order for
a plurality of different products, for a downstream process
15 in which a final product, which employs at 1least one
component'common to said plurality of different products, is
to be produced, and for a plurality of upstream processes
which are required to form said final product from a
plurality of.components, said production plan generatihg
20 methodlcomprising: |
a) inputting initial data including ultimate downstream
j _ process data which relates to the ultimate downétream
i process during which the final product is to be produced;
| b) storing said input initial data;
25 ¢) generating first upstream process data based .upon the
- initial input data and upon overall manufacturing process
i information, said upstream process data relating to oﬁe of

said upstream processes which precedes production of said

This Sheet Has Been Reﬂlaced This is the replacement sheet
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1. - A production plan generating apparatus for generating a plurality of
production plans for a plurality of different 5 products, in sequenti al
order, for producing a final product, in which said final product enploys
at . | east one conponent conmon to said plurality of different products, for
a downstream process in which said final praoguct is to be produced, and for
a pluraljity of upstream processes which 10 are used in formng said fina
product |{from a phinaal pkrgdattgonponents, said production plan generating
apparatys conprising: an input device for inputting initial data including
data rellati ng td)sai dtdoingt searm fiostésspstrebmchbreaedsf dagah in a memory;
and
e) generating additional upstream process data, which
5 relates to an additional upstream process which needs to be
performed in order to produce said final product, before a
downstream process to finally produce the final product is
performed, said additional upstream process data being based
at least partially upon said first upstream process data,
10 wherein said additional upstream process must be performed
before said first upstream process is performed during
production'of said final product, the additional upstream
process data being stored in another memory that is distinct
from the memory storing the first upstream process data;
15 wherein said first upstream process data is generated
independently of the requirements of any other upstream
process data, and can therefore be generated before
receiving information relating to any other upstream
processes or steps; and
20 wherein said additional upstream process data is generated
utilizing variable allocation rules based upon at least one
other process or step and requires data from at least one
other process before generation of said additional upstream
process data, in order to determine a production schedule

25 for producing -said final product in accordance with an

availability of said at least one component common to said

plurality of different products.
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15 product is to be produced; a first menory for storing said initial
data; a first production plan generator for generating a first production
plan including data relating to a first upstream process which needs to be
performed in order to produce said 20 final product, before said
downstream process is perforned, said first groduction plan generator
generating said first production plan for said first upstream process,

based upgn at |pastesabbypf thal pidduidttiolapbanngenpeatIngr aldthod of the
manuf act yri ng process information; 25 a second nenory for storing said

first prqducti osepbad; azpsetorfihriheductdmpr idesn oepeatatroy $oep géapy abaseda
second _ '
upon the most recently generated additional upstream process
data, until no further processes need to be performed in

5 order to form said final product.

- According to the invention in a third aspect, there is
provided a system for generating an overall production plan
for producing a plurality of different f£final products,

10 wherein each final product is comprised of a plurality of
components, in which at least one component is common to
said plurality of different final products, said system
being provided for generating a piaﬁ to determine the timing
of a plurality of sequential process steps used to produce

115 said plurality of final products, and the volume of final
products and components which are to be produced, said
system comprisingﬁ
a device for inputting data relating to the volume of each
said final products required to be produced, and the date by

20 which said required volume of each of said final products
are required to be produced;

a memory for storing a data tree for each final product to
~be produced, said dafa tree comprising information regarding
the number and types of components which are required to

25 produce each said final product, including the number and
types of components, common to said plurality of different
final products, required to produce each said final product,

for storing the sequence in which said process steps must be
g e

eet Has Been Reﬁaced This is the replacement sheet
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procduction plan, that is stored in another nenory distinct fromthe second
menory, for a second of said upstream This is the repl acenent sheet 39
processes which needs to be perfornmed in order to produce said final
product, before said downstream process is perforned, wherein said second
production plan is generated based upon at hgast said first production plan
stored in 5 said second nenory, and wherein said second upstream process

performed in order to produce each said final product, and
for storing data relating to the time required to perform
each of said sequential process steps; and
a production plan generator apparatus for generating
5 -separate production plans for precducing said final product
and performing each of said steps, said overall production
plan including the sequence in which said steps are to be
performed and the volume of components which must'.be
produced during each step, as well as the date by which each
10 step must be performed in order to produce said final
product in the required volume and by the required date;
wherein each of said final products is to be manufactured in
accordance with a predetermined sequence, wherein said
sequence involves a downstream process step in which the
15 final product is assembled; and a plurality of sequential
upstream steps in which the components which are required to
manufacture said final product are assembled, wherein said
production plan generator apparatus includes a first
production plan generator and a second production plan
20 generator, said first production plan generator comprising
means for generating a plan for producing é final product in
accordance with said downstream pfocess step, based upon
data input by said device for inputting data, and wherein
salid second production plan generator comprises means for
25 generating a plan utilizing variable allocation rules for
performing each of said upstream process steps in accdrdance
with at least some of the data input by said device for

inputting data, and in accordance with step data relating to

This Sheet Has Been Reilaced . This is the replacement sheet
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is performed during the process of manufacturing said final product;
wherein said first production plan generator is provided for generating
production plans which are independent of the 10 requi renments of any

ot her processes or steps and which can therefore be generated before
receiving information relating to any other,processes or step; and wherein.
sai d second production plan generator is provided for generating

production pl ags ithédiiZteDy yeédtadl gy rocadd ey Omnidies sWregfiidedl to
dependent| upon at | east one other . process or step and require information
fromat |past opeodtber spidddhiadn pricaindief @ tgenerat poodett sonesehddule
for producing each final product is produced in accordance
with an availability of said at least one component common

5 to said plurality of different final products.

Preferably said device for inputting data qomprises means
for inputting data regarding a plurality of different final
products.
10

Preferably at least one of said plurality of different final
products has at least one component which is required to be
used to manufacture said at least one final product in
common with a second one of said plurality of different

15 final products.

Preferably said production plan generator apparatus includes
a parameter generator, said pérameter generator including
means for generating a preliminary paraméter and means for
20 generating a final parameter, said means for generating a
prellmlnary parameter including means for extractlng data
regardlng an immediately preceding downstream process
production plan, process data, and tree construction data
relating to the components of the final product to be
25 produced, from said memory, said final parameter generator
comprising means for extracting inventory data and component

lot size manufacturing data from said memory.
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production plan, in order to determine a production schedule for producing
said final product in accordance with an 20 availability of said at |east-
one conponent conmon to said plurality of different products. 2. A
production plan generating apparatus in accordance with claim1, wherein
sai d second production plan generator 25 ggnprises neans for sequentially
generati hg a production plan for each of an additional plurality of

upst r eam| pr ocespesfe ¥AISI ¢idh GRVF §§§§eﬁ$§é&@c1@i@$_;ﬂ%ﬁb@h‘é@‘alﬂbr%abdmpgﬂgéd
producti @n plan generator is based at least partially

means for generating a production plan for controlling a
plurality of machines wused in different process steps

required to produce said final product.

Preferably the system of the third aspect further comprises
means controlling production of said final products in
accordance with said overall production plan generated by
said system.
10
Preferably, the system of the third aspect includes a
printer for printing each production plan which is generated
by said system, and a display device for displaying each
production plan which is generated by said system.
15
Preferably said memory comprises a RAM.
Preferably the system of the third aspect further
domprisesmeans for controlling production of each final
20 product in accordance with said overall production plan

generated by said system.

According to the invention in a fourth aspect, there is
provided a méthod of generating an overall production plan
25 for producing a plurality of different final products each
comprised of a plurality of components, in which at least
one component is common to the plurality of different final

products, said overall production plan governing the
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40 upon ‘a production plan previously generated for a sequentially adjacent
downst ream process. 3. A production plan generating apparatus in

accordance 5

with claiml1l, wherein said initia

relating to the equi pnment required to produce said final product and al

sai d coq

which is
generat i

10

15

20

bonent s,
required to produce said final

25 .

different final products in a prodﬁction process including

a plurality of sequential process steps, said sequential

process steps including a downstream production process step
which produces "said final products, and a plurality of
upstream production procéss steps for producing said
components, said method comprising: |

inputting and storing basic data relating to said production
process and production data regarding the volume of said
plurality of different finél products required to be
produced, and the date by which said required volume of the
plurality of differeht final products is required to' be

produced;

generating and storing a first production plan for producing

said final products in said downstream production process
step, said first production plan being based upon at least
some of said basic data and said production data, the first
production plan being stored in a memory;

generating and storing a second production plan for a first
upstream process step preceding said downstream procesé step
utilizing variable allocation rules, and which needs to be
performed in order to produce said final products, said
second production plan being based upon at least some of
salid basic data, said production data and said first
production plan, said second production plan being stored in
another memory distinct from said memory;

determining whether any additional wupstream processes

require planning; and

Sheet Has Been Re; laced
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data i ncl udes basi c data

of

and production data specifix to each conponent and process
product. 10 4. A production plan
ng appyrmddisciiomconf daswibd components and said plurality of
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with claim1, further conprising a parameter generator for generating a
plurality of process paraneters for use by said second production plan
generator in generating production 15 plans for said second and said

addi ti onal upstream processes. 5. A production plan generating apparatus
I n accordance with claim4, wherein said paganeter generator conprises a 20
system fpr generating prelimnary paraneters, said prelimnary

paraneters conpifsiany t hddiypenadf wssponant probiecbesusirde deteduriertd naa
sequentially later process, and the exact quantity of said specific

conponent § whi chegqunitingedleonhagpr aphreacktiimg aand segoennigaldry addeétional
process, pnd production plan for an additional upstream proceSs step
which has not yet been planned and which must be performed
5 before a next previously planned process step is perfbrmed
during manufacture of said final'prdducts, based upon at
least some of said basic data, said production data, and the
next previous production plan;
wherein said first production plan is generated
10 independently of the requirements of any other processes or
steps, and can therefore be generated before receiving
information relating to any other processes or step;
wherein said second production plan is generated dependently
upon at least one other process or step and requires
15 = information from at least one othef production plan before
generation of said second production plan; and
wherein said additional production plan 1is generated
dependently upon at least one subsequently executable
process or step and requires information from at least one
20 other previously generated production plan.before generation
of said additional production plan, so that a production
schedule for produéing the plurality of different final
products is determined in accordance with an availability of
the at least one common component.
25
Preferably, the method of the fourth aspect further
comprises generating and storing overall production plans

for a plurality of final products. Preferably, at least two

s Sheet Has Been Re laoed This is the replacement sheet
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25 :a systemfor generating final paraneters which conprise the actual
quantities of the specific conponents which nust be produced during each of
sai d second and additional upstream processes. This is te replacenent sheet
41 6. A production plan generating nethod for generating production plans
in a chronologically sequential order for adglurality of different

products} for a downstream process

of said final products to be produced have at least one

component in common.

Preferably, the method of the fourth aspect further

5 comprises printing said overall production plan.

Preferably, the method of the fourth aspect further

comprises displaying said overall production plan.

10 Preferably, the method of the fourth aspect further
comprises (1) repeatedly determining whether any required
upstream process steps still require planning, (2)
generéting a production plan for the next sequential
‘upstream process step to be performed in producing said

15 final product, each time that any upstream process steps are
determ@ned to still require planning, (3) generating a final
parameter relating to the volume and type of components
which must be produced in the next process step to be
planned, prior to the géneration of each of said upstream

20 production plans and (4) producing said final parameter by
extracting from a memory production plan data for a
sequentially'preceding plan, construction tree data relating
to the component which must be next produced, and process
specific data, generating a preliminary parameter, and

25 modiinng the preliminary parameter in order to generate a
final ' parameter, after extracting inventory data and

component lot size from a memory.

e
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in which a final product, which enploys at |east one 5 conponent common to
said plurality of different products, is to be produced, and for a
plurality of upstream processes which are required to formsaid final
product from.a plurality of conponents, said production plan generating
met hod conprising: 10 a) i nputting initiedll7data including ultimte
downst ream process data which relates to the ultinmate downstream process
during which the final product is to be produced; b) storing said input
initial pdata; O generating first upstream process data based upon the 15
initial |nput dRrtefewablipon Yveranethedufatt utheg Pewces aspect further

comprises controlling the production of each said final
5 product and each of said components in accordance with said

overall production plan.

The present application is based upon Japanese Patent
Application Serial No. 4-318,822, which was filed on
10 November 27, 1992, the entire content of which is expressly

incorporated by reference herein.

The above and other objects, features and advantages of the
present invention will become more fﬁlly understood and
15 apparent from the detailed description which follows, and as
shown in the drawipgs attached hereto, in which 1like
reference numerals are used throughout the several drawings

to designate similar parts, and wherein:

20 Fig. 1 is a schematic diagram of a production plan
generating apparatus which is used to execute the production

plan generating method of the present invention;

Fig. 2 is a schematic representation of a parameter
25 - generator which is adapted to obtain the final parameters

for upstream processes in the production plan, based upon
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i nformation, said upstream process data relating to one of said upstream
processes which precedes production of said final product; d) storing
said first upstream process data in a nenory; 20 and e) generati ng
‘addi tional upstream process data, which relates to an additional upstream
process which needs to be performed in ordeggto produce said final product,
before a downstream process to finally produce the final product is 25
perforned, sai dcagginki onal upstream process data being based at | east
partially upon said first upstream process data, wherein said additional
upstream/|process nust be perforned
1. A production plan generating apparatus for generating
a plurality of production plans fof a plurality of different
5 products, in sequential order, for producing a final
product, in which said final produqt employs at least one
component common to said plurality of different products,
for a downstream process in which said final product is to
be produced, and for a plurality of upstream processes which
10 are used in forming said final product from a plurality of
components, said production plan generating apparatus
comprising:
an input device for inputting initial data including data
relating to said downstream process in which said final
15 product is to be produced;
a first memory for storing said initial data;
a first production plan generator for generating a first
production plan including data relating to a first upstream
process which needs to be performed in order to produce said
20 final product, before said downstream process is performed,
said first production plan generator generating said first
production plan for said first upstream process, based upon
at least some of said initial data and upon overall
manufacturing process information;
25 a second memory foi storing said first production plan;
a second production plan generator for generating a second

production plan, that is stored in another memory distinct

from the second memory, for a second of said upstream
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before said first upstreamprocess is perfornmed during This is the

repl acenent sheet . 42 production of said final product, the additional
upstream process data being stored in another nenory that is distinct from
the nenory storing the first upstream process data; wherein said first
upstream process data is generated 5 i ndepegglently of the requirenents of
any ot her, upstream process data, and can therefore be generated before

processes which needs to be performed in order to produce'
said final product, before said downstream process:  is
performed, wherein said second produdtion plan is generated
based upon at least said first production plan stored in
5 said second memory, and wherein said second upstream process
is performed during the process of manufacturing said final
product; |
wherein said first production plan generator is providéd'for
geherating production plans which are independent of the
10 requireménts of any other processes or steps and which can
therefore be generated before receiving information relating
to any other processes or step; and
wherein said second production plan generator is provided
for generating production plans. utilizing wvariable
15 allocation rules which are dependent upon at least one other
process or step and require information from at least one
other production plan before generation of a second
prdductipn plan, in order to determine a production schedule
for produéing said final product.in accordance with an
20 availability of said at least one component common to said

plurality of different products.

2. A productiqn-plan generating apparatus in accordance
with claim 1, wherein said second production plan generator
25 comprises means for sequentially generating a production
plan for each of an additional plurality of upstream
processes, wherein each sucéessive plan generated by said

second production plan generator is based at least partially

! o s
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receivi'ng information relating to any other upstream processes or steps;
and wherein said additional upstream process data is generated 10

utilizing variable allocation rules based upon at |east one other process
or step and requires data fromat |east one other process before generation
of said additional upstream process data, 4¢ order to determne a
productiron schedul e for producing said final product in accordance with an

15 avdil abi higon ofasagﬁ:oa&:dtqmt Cpl%rﬁon?ﬁ@ﬁﬂbusbymogeheraaied plfoaliay
of diffqgrent products A production plan generating method in

agcordarce\MtdbquéntﬁéiljLﬂdjumemxndmwnstmpamxpfndeqpstep (e), based upon

3. A production plan generating apparatus in accordance
5 with.claim 1, wherein said initial data includes basic data
relating to the equipment required to produce said final
product and all of said components, and production data
'specific to eéch component and process which is required to
produce said final product.
10
4. A production plan generating apparatus in accordance
with claim 1, further comprising a parameter generator for
generating a plurality of process parameters for use by said
second production plan generator in generating production
15 plans for said second and said additional upstream

processes.

5. A production plan generating apparatus in accordance
with claim 4, wherein said parameter generator comprises a
20 system for generating preliminary parameters, said
preliminary parameters comprising the types of components
which must be produced in a sequentially later process, and
the exact quantity of said specific components which will
need to be produced in said sequentially later process, and
25 a system for generating final parameters which comprise the
actual quantities of the specific components which must be
produced during each of said second and additional upstream

processes.
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20 -the'nost recently generated additional upstream process data, until no
further processes need to be perforned in order to formsaid final product.
8. A system for generating an overall production plan for 25 pr oduci ng
a plurality of different final products, wherein each final product is
conpriseq of a plurality of conponents, in which at |east one conponent is
common tq said plurality of different final products, said system 43
- 6. A production plan generating method for generating
production plans in a chronologically sequential order for
a plurality of different products, fqr a downstream process
in which a final product, which employs at least one
5 cbmpOnent common to said plurality of different products, is
"to be produced, and for a plurality of upstream processes
which are 'required to form said final product from a
plurélity of components, said production plan generating
- method comprising:

10 a) inputting initial data including ultimate downstream
process data which relates to the ultimate downstream
process during which the final product is to be produced;
b) storing said input initial data;

c) generating first upstream process data based upon the

15 initial input data and upon overall manufacturing process
information, said upstream process data relating to one of
said upstream_processes which precedes'production of said
final product;

d) storing said first upstream process data in a memory;

20 and
e) generating additional upstream process data, which
relates fo an additional upstream process which needs to be
performed in order to produce said final product, before a
downstream process to finally produce the final product is

25 performed, said additionél upstream process data being based
at least partially uponisaid first upstream process data,-

wherein said additional upstream process must be performed

before said first upstream process is performed during

This is the replacement shee

I T s



being provided for generating a plan to determine the timng of a plurality
of sequential process steps used to produce said plurality of final
products, and the volune of final products and conponents which are to be
produced, said 5 system conprising: a device for inputting data relating to
the volune of each said final products requigked to be produced, and the
date by which said required volune of each of said final products are

requiredito be predueedonl®f shiEMPINAY %r@&@étﬁgtnedaaalti@ﬁaionnp%a;cﬂéam
final prqduct to be produced, said data tree conprising information
regardi ng the npgbeesandatypesing stormehdmnt anvhhek memorpqthated ¢ distinct
from the memory storing the first upstream process data;
wherein said first upstream process data is generated
5 independently of the requirements of any other upstream
process data, and can therefore be generated before
receiving information relating to any other upstream
processes or steps; and
wherein said additional upstream process data is generated
10 utilizing variable allocation rules based upon at least one
other process or step and reduires data from at least one
other process before generation of said additional upstream
process data, in order to determine a production schedule
for producing said final product in accordance wifh an

15 availability of said at least one component common to said

plurality of different products.

7. A production plan generating method in accordance with
claim 6, further comprising repeating step (e), based upon
20 the most recently generated additional upstream process
data, until no further processes need to be performed in

order to form said final product.

8. A system for generating an overall production plan for
25 producing a plurality of different final products, wherein
each final product is comprised of a plurality of

components, in which at least one component is common to

said plurality of different final products, said system
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produce each said final product, including the nunber and types of

conponents, common to said plurality of different 15 final products,

requi red to produce each said final product, for storing the sequence in
whi ch said process steps nust be perfornmed in order to produce each said

‘final product, and for storing data relating3sto the tinme required to

performieach of said sequential process steps; and 20 a production plan

generatdr appabaing pfovidgentsntgens eeiagphepbandis tdetepiiars the timing
producing said final product and perform ng each of said steps, said
overal | |productobnappanrahitudpfigseheestgadnpeocasehstipsaudesdt &ps paoeuce
be perfdrnmed and the vol une of conponents which nust be
salid plurality of final products, and the volume of final
products and components which are to be produced, said
5 system comprising:
a device for inputting data relating to the volume of each
said final products required to be produced, and the date by
which said required volume of each of said final products
are required to be produced;

10 a memory for storing a data tree for each final product to
be produced, said data tree comprising information regarding
the number and types of components which are required to
produce each said final product, including the number and
types of components, common to said plurality of different

15 final products, required to produce each said final product,
for storing the sequence in which said process steps must be
performed in order to produce each said final product, and
for storing data-relating to the time required to perform
each of said sequential process steps; and

20 a production plan generator apparatus for generating
sepérate production plans for producing said final product
and performing each of said steps, said overall production
plan including the sequence in which said steps are to be
performed and the volume of components which must be

25 produced during each step, as well as the date by which each

step must be performed in order to produce said final

product in the required volume and by the required date;

wherein each of said final products is to be manufactured in

| ORRE D
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25 -produced during each step, as well as the date by which each step nust
be performed in order to produce said final product in the required vol une
and by the required date; wherein each of said final products is to be '
manuf actured in This is the replacenent sheet Date: 2 2 APR 1999 44

accordance with a predeterm ned sequence, wagrein said sequence involves a
domnstrean1process step in which the :

accordance with a predetermined sequence, wherein said

sequence involves a downstream process step in which the
final product is assembled, and a plurality of sequential
upstream steps in which the components which are required to

5 manufacture said final product are assembled, wherein said
production 'plan generator apparatus includes a first
production plan generator and a second production plan
generator, said first production plan generator comprlslng

- means for generating a plan for producing a final product in

10 accordance with said downstream process step, based upon
data input by said device for inputting data, and wherein
said second production plan generator comprises means for
generafing a plan utilizing variable allocation rules for
performing each of said upstream process steps in accordance

15 with at least some of the data input by said device for
inputfing data, and in accordance with step data relatiné to

an immediately preceding process step, which is required to
produce said final product, so that a production schedule

for producing eaeh final product is produced in accordance

20 with an availability of said at least one component common

to said plurality of different final products.

9. A system in accordance with claim 8, wherein said
device for inputting data comprises means for inputting data

25 regarding a plurality of different final products.

10. A system in accordance with claim 9, wherein at least

one of said plurality of different final products has at
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final product is assenbled, and a plurality of sequential upstream steps in
whi ch the conponents which are required to 5 manufacture said final product
are assenbl ed, wherein said production plan generator apparatus

includes a first production plan generator and a second production plan
generator, said first production plan generator conprising neans for
generating a plan for producing a final product in 10 accordance with said
downstredm procgsasst epne basmmpapant dathd dhnpuis byeqaidedevice Heor usgalt ttiong
data, anqd wherein said second production plan generator conprises neans for -
generating a plmanufatinviragsaadi abl éeabtocaei danell psofluctpeénf gomineg @dch

of said ypstream process steps in accordance
a second one of said plurality of different final products.

5 11. A system in accordance with claim 8, whérein said
production plan generator apparatus includes a parameter
generator, said parameter generator including means for
generating a preliminary parameter'and means for generating

- a final parameter, said means for generating é preliminary

10 parameter inclﬁding means for extracting data regarding an
immediately preceding downstream process production plan,
process data, and tree construction data relating to the
components of the final product to be produced, from said
memory, said final parameter generator comprising means for

15 extracting inventory data and component lot size

manufacturing data from said memory.

12. A system in accordance with claim 8, wherein each of
said production plan generators comprises' means for
20 generating a production plan for controlling a plurality of
machines used in different process steps required to produce

said final product.

13. A system in accordance with claim 8, further comprising
25 means controlling production of said final products in

accordance with said overall production plan generated by

said system.
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15 with at |east some of the data input by said device for inputting data,
and in accordance with step data relating to an i medi ately preceding
process step, which is required to produce said final product, so that a
production schedul e for producing each final product is produced in
accordance 20 with an availability of saideat |east one conmponent comon to
said plurality of different final products. 9. A systemin accordance

wi th c|ai m 8, 1dher i nspsifen devi cectordanpeat twiith datlaioonPy i sesidresys tieor
inputt|ng data 25 regarding a plurality of different final products. 10. A
systen]in accépaindéng ahpEinter ofonmrinting qacts Prodcdiosaicd asl whdicht y
of different final products_ has at

' is generated by said system, and a display device for
displaying each production plan which is generated by said

5 system.

15. A system in accordance with claim 8, wherein said

memory comprises a RAM.

10 16. A system in accordance with claim 8, further comprising
means for controlling production of each final product in
accordance with said overall production plan generated by

said system.

15 17. A method of generating an overall production plan for
producing a plurality of’ diﬁferent final products each
comprised of a plurality of components, in which at least
one component is common to the plurality of different final
products, said overall production plan governing the

20 produdtion of said components and said. plurality of
different final products in a production process including
a plurality of sequential process steps, said sequential
process steps including a downstream production process step
which produces said final products, and a plurality of

25 upstream production process steps for producing said
components, said method comprising:
inputting and storing basic data relating to said production

process and production data regarding the volume of said
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This is'the replacenent sheet 45 | east one conponent which is required
to be used to manufacture said at-|least one final product in comobn with a
second one of said plurality of different final products. 5 11. A system
i n accordance with claim8, wherein said production plan generator
apparatus includes a paraneter generator, s d paraneter generator

I ncl udi ng means for generating a prelimnary paraneter and means for
generati pg plurality of different 'final products required to be

produced, and the date by which said required volume of the
plurality.of different final products is required to be
produced; |

5 generating and storing a first produétion plan for producing
said final products in said downstream production process
step, said first production plan being based upon at least
some of said basic data and said production data, the first
production plan being stored in a memory;

10 generating and storing a second production plan for a first
upstream process step preceding said downstream process step
utilizing variable allocation rules, and which needs to be
performed in order to produce said final products, said
second production plan being based upon at least some of

15 said basic data, said production data and said first
production plan, said second production plan being stored in
another memory distinct from said memory;
determining whether any additional wupstream processes
require planning; and

20 if any additional upstream processes are determined 'as
requiring planning, generating and storing an additional
production plan for an additional upstream process step
which has not yet been planned and which must be performed
before a next previously planned process step is performed

25 during manufacture of said final products, based upon at
least somé of said basic data, said production data, and the
next previous production plan;

wherein said first prdduction plan is generated

A . This s the replacement sheet
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a final paraneter, said neans for generating a prelimnary 10 paraneter
I ncl udi ng nmeans for extracting data regarding an i medi ately preceding
downst ream process production plan, process data, and tree construction
data relating to the conponents of the final product to be produced, from
said nmenory, said final paraneter generatogg conprising nmeans for 15
extracting I nventory data and conponent | ot size manufacturing data
from said nmenomdependenk gy siferbhien requiaremeat swofhanyapth€r phecessesach of
said pfoduction plan generators conprises neans for 20 generating a
product | on pl &FERR, cendr tan nghenslforsl i bg cfeneetiatesbafedei rretidieimmt
process|steps required to produce
. information relating to any other processes or step;
wherein said second production plan is generated dependently
5 upon at least one other process or step and requires
information from at least one other production plan before
generation of said second production plan; and
wherein said additional production plan 1is generated
dependently upon at least one subsequently executable
10 process or step and requires information from at least one
other previously generated production plan before generation
of said additional production plan, so that a production
schedule for producing the plurality of different final
products is determined in accordance with an availability of

15 the at least one common component.

18. A method in accordance with «claim 17, further
comprising generating and storing overall production plans
for a plurality of final products.

20
19. A method in accordance with claim 18, wherein at least
two of said final products to be produced have at least one

component in common.

25 20. A method in accordance with claim 17, further

comprising printing said overall production plan.

21. A method in accordance with <claim 17, further

- | ~ This is the replacement sheet
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said final product. 13. A systemin accordance with claim38, further
conprising 25 means controlling production of said final products in
accordance with said overall production plan generated by said system

46 14. A systemin accordance with claim8, said systemincluding a printer
for pripting each production plan which i sagenerated by said system and a

di spl ay} device for _ :
comprising displaying said overall production plan.

22. A method in accordance with claim 17, further
comprising repeatedly determining whether any required

5 upstréam process steps still require planning.

23. A method in accofdance with claim 22, further
comprising genérating a production plan for the next
sequential .upstream process step to be pérformed in
10 producing said final product, each time that any upstream

process steps are determined to still require planning.

24. A nmethod in <accordance with .claim 23, further
comprising generating a final parameter relating to the
15 volume and type of components which must be produced in the
next process step to be planned, prior to the generation of

each of said upstream production plans.

25. A method in accordance with claim 24, further

20 comprising producing said final parameter by extracting from
| a memory production plan data for a sequentially preceding
plan, construction tree data relating to the component which
must be next produced, and process specific data, generating

a preliminary parameter, and modifying the preliminary

25 parameter in order to generate a final parameter, after
extracting inventory data and component lot. size from a

memory.

A . SR——
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di $pl ayi ng each production plan which is generated by said 5 system 15.
A systemin accordance with claim8, wherein said nenory conprises a RAM
10 16. 1 A systemin accordance with claim8, further conprising nmeans for
controllipg production of each final product in accordance with said
overall production plan generated by said ®ystem 15 17. A nethod of
generating an overall production plan for producing a plurality of -
di fferent|find®.prddudtethedh tenpateeddanca phathl i ofadin cdiponefuisthén
whi ch at |east one caonponent is_comon to the plurality of different final

- comprising controlling the production of each said final

product and each of said components in accordance with said

overall production plan.

-

L
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z A . : . . .
proddctts, said overall production plan governing the 20 production of
said conponents and said plurality of different final products in a
production process including a plurality of sequential process steps, said
sequenti al process steps including a downstream producti on process step
whi ch produces said final products, and a plurality of 25 upstream
productiony process steps for producing said conponents, said nethod
conprisingi inputting and storing basic data relating to said production
process and production data regarding the volume of said This is the
repl acenentl sheet . 51

ABSETRACT
PRODUCTION PLAN GENERATING METEOD AND APPARATUS

A production plan generating apparatus, and a method,
are provided for generating production plans in sequential
chronological order, from an ultimate downstream process
in which a final product is produced, to all of the
upstream processes required to produce components needed to
make the final product. The apparatus includes an input
device (14) for inputting initial data including ultimate
downstream process data, and a memory (11, 21, 22, 23) for
storing the input data, machine data and process data,
and a generator (1, 2, 3, 4) for generating a production
plan for the final product, and upstream plans for the
components and/or sub-components which are required in
order to produce the final product. The generator uses the
ultimate downstream process data to generate intermediate
downstrean process data relating to the production process
that occurs just before the ultimate downstream process is
effected, and sequentially generates data relating to
further upstream processes in a sequential ordexr, using
data from an immediately prior upstream process plan.

b [Figure 1)
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Iurallty of different final products required to be prodyged an

the dat e by which said required volume of the plurality of different fina
products .is required to be produced; 5 generating and storing a first
production plan for producing said final preducts in said downstream
production process step, said first production plan being based upon at
| east sone of . SEridlaNe. dés Al h6id7 30 whicloduss | ahlokeéd, by hehé iUs$S. patent
production plan being stored i.n a nmenory;

and Trademark Office on February 3, 1994.

Both United kingdom Patent No. 2,219,109 and U.S. Serial No.
5 08/116,730 are expressly incorpoarted by reference herein in

their entireties.

Accordingly, one object of the present inveﬁtion is to
provide a production plan generating method and a related
10 apparatus for rapidly developing an optimal production plan
for. a pluralify of interelated production processes or
steps, which takes the respective limitations of the
processes, and the relationship between the steps, inot
account when generating an overall production plan for

15 producing a final product.

" According to the invention in a first aspect, there is
provided a production plan generating apparatus for
generating a plurality of production plans for a plurality

20 of different products, in séquential order, for produéing a
final product, in which said final product employs at least
one component common -to said plurality of different
products, for a downstream process in which said -final
product is to be produced, and for a plurality of upstream

25 processes which are used in forming said final product from
a plurality of components, said production plan generating

'apparatus comprising:

an input device ﬂéluding data

h e s) pﬁrwd . o pa.ged ..... This is the replacement =*
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1 Abstract pgcu ..... to paged.... Patg: = 2 JUN 2008

DATE OF RECEIPT ..... yepe




10 generating -and storing a second production plan for a first upstream
process step precedi ng sai d downstream process step utilizing variable

al l ocation rules, and which needs to be perfornmed in order to produce said
final products, said second production plan being based upon at |east sone
of 15 said basic data, said production datd and said first producti on

pl an, said seceeadaRi®ductd OBapkHaridWH O ST plotB8saNAnhefh IEOEY idi Stilddct
fromsaid nenory; determ ning whether any additional upstream processes
requi re planni pgpodaed 4@ Hd benypradilidedynal upstream processes are
determ ned .as requiring planning, generating and storing an additi onal
a first memory for storing said initial data;
a first production.plan generator for generating a first
5 production plan including data relating to a first upstream
process which needs to be performed in order to produce said
final product, before said downstream process is performed,
said first production plan generator generating said first
production plan for said first upstream process, based upon
10 at lleast 'some of said initial data and upon overall
manufacturing process information;
a second memory for storing said first production plan;
~a second production plan generator for generating a second
production plan, that is stored in another memory distinct
15 from the second memory, for a second of said upstream
processes which néeds to be performed in order to produce
said final product, before said downstream'_process is
- performed, wherein said second production plan is generated
based upon at least said first production plan stored in
20 said second-memory,Iand'wherein sald second upstream process
is performed during the process of manufacturing said final
product;
wherein said first production plan géneratof is provided for
generating production plans which are independent of the
25 requirements of any other processes or steps and which can
therefoie be generated before receiving information relating

to any other processes or step; and

wherein said second production plan generator is provided
This i the replacement sheet
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produdtLon pl an for an additional upstream process step which has not yet
been pl anned and which nmust be perfornmed before a next previously planned
process step is perfornmed 25 during manufacture of said final products,
based upon at | east sonme of said basic datag said production data, and.the
next previous production plan; wherein sai d first producti on pl an

is generatedfdli s genkhatingl agerddictsi®®t plah® utilizing variable
allocation rules which are dependent upon at least one other
process or step and require information from at least one
other production plan before generation of a second
5 production plan, in orxrder to determine a production schedule
for producing said final product in accordance with an
availability of said at least one component common to said

plurality of different products.

10 Preferably said second production plan generator comprises
means for sequentially generating a production plan fér each
of ah additional plurality of upstream processes, wherein
each successive plan generated by said second production
plan generator is based at least partially upon a production

15 plan previously generated for a sequentially adjacent

downstream process.

Preferably said initial data includes basic data relating to
the equipment required to produce said final product and all
; 20 of said components, and production data specific to each
| component and process which is required to produce said

| final product.

Preferably the apparatus further comprises a parameter
25 geherator for generating a plurality qf process parameters
for use by said second production plan generator in
generating produétion plans for said second and said

additional upstream processes. Preferably said parameter
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i ndependently of the requirements of any other processes or steps, and can
thérefore be generated before receiving information relating to any other
processes or step; wherein said second production plan is generated
dependently 5 upon at |east one other ppocess or step and requires
I nformation fromat | east one other production plan before generation of
sai d second prgdunetradorpl esmpabseshar espssamd faddi genenst pngdypatdldmimaty i s
generated dependently upon at |east one subsequently executable 10
process or stepaxameteqsi,r e8idrpoehininary panane tlegms conpaietihgrtipe dyipms|y
generated production plan before generation of said additional production -
pl an, so that gfpgg@g@ppgﬁs which must be produced in a sequentially later
process, and the exact quantity of said specific components
5 which will need to be produced in said sequentially later
process, and a system for generating final parameters which
comprise the actual quantities of the specific components
which must be produced during each of said second and
additional upstream processes.
10
According to the invention in a second aspect, there is
provided a production plan generating method for generating
production plans in a chronologically'sequential order for
a plurality of different products, for a downstream process
15 in which a final product, which employs at least one
component common to said plurality of different products, is
to be produced, and for a plurality of upstream processes
which are required to form said final product from a
plurality of components, said production plan generating
20 method comprising:
a) inputting initial data including ultimate downstream
process data which relates to the ultimate downstream
process during which the final product is to be produced;
b) storing said input initial data;
25 . ¢) generating first upstream process data based upon the
initial input data and upon overall manufacturing process

information, said upstream process data relating to one of

said upstream processes which precedes production of said
This is the replacement sheet



schedule for producing the plurality of different final products is

determ ned in accordance with an availability of 15 the at | east one
conmon conponent. 18. A nethod in accordance with claim 17, further
conprising generating and storing overall féoduction plans for a plurality
of final products. 20 19. A nethod in accordance with claim 18, wherein at
| east two of sd&ichaflli paloduatducts to be produced have at | east one conponent
in conmon. 25 20. A nmethod in accordance wth claim 17, further
conpri sing prinfi ng ss¢aixd ny evadild finsuatpstirgdmarprocess data in a memory;

and
e) generating additional upstream process data, which

5 relates to an additional upstream process which needs to be
performed in order to produce said final product, before a
downstream process to finally produce the final product is
performed, said additional upstream process data being based
at least partially upon said first upstream process data,

10 wherein said additiﬁnal upstream process must be performed
before said first upstream process is performed during
production of said final product, the additional upstream
process data being stored in another memory that is distinct
from the mémory storing the first upstreém process data;

15 wherein said first upstream process data is generated
independently of the requirements of any other upstream
process data, and can therefore be generated before
receiving information relating to any other uﬁstream
processes or steps; and

20 wherein said additional upstream process data is generated

utilizing variable allocation rules based upon at least one
other process or step and requires data from at least one
other process before géneration of said additional upstream
process data, in order to determine a production schedule

25 for producinq said final product in accordance with an
availability of said at least one component common to said

plurality of different products.
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21. A'npthod in accordance with claim 17, further This is the repl acenent
sheet Date: 2 2 APR 1999 49 conpri sing di splaying said overal
production plan. 22. A nethod in accordance with claim 17, further
conprising repeatedly determ ning whether agy required 5 upstream process
steps still require planning. 23. A nethod in accordance wth claim
22, further Preferably, the production plan generating method of the

second aspect further comprises repeating step (e), based
upon the most recently generated additional upstream process
data, until no further processes need to be performed in

5 order to form said final product.

According to the invention in a third aspect, there is
provided,a system for generating an overall production plan
for producing a plurality of different final products,
10 wherein each final product is comprised of a plurality of
components, in which at least one component is common to -
said plurality of different final products, said system
being provided for generating a plan to determine the timing
of a plurality of sequential process steps used to produce
15 said plurality of final products, and the volume of final
products and components which are to be produced, said
system comprising:
a device for inputting data reléting to the volume of each
said final products required to be produced, and the date by
20 which said required volume of each of said final products
are required to be produced;
a memory for storing a data tree for each final product to
be produced, said data tree comprising information regarding
the number and types of components which are required to

25 produce each said final product, including the number and

types of components, common to said plurality of different
final products, required to produce each said final product,

for storing the sequence in which said process steps must be
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conprising generating a production plan for the next sequential upstream
process step to be performed in 10 produci ng said final product, each
time that any upstream process steps are determined to still require
planning. 24. A nethod in accordance wth claim 23, further
conprising generating a final paraneter rel#ting to the 15 = vol ume and

type of conpongetrFoufticeh iIYrder RO PLeRThdd ddtth NRNld FARES prddiet 0 ded
pl anned, prior to the generation of each of said upstream production plans.

25. A nethod i flozCcerodanme datd ceébhatiRd, tdbuthbetin@ reouintidsitty gaothim ng
said final paraneter by extracting froma menory production plan data for a
sequential |y peechdiofg said sequential process steps; and
a production plan generator apparatus for generating
5 separate production plans for producing said final product
and performing each of said steps, said overall production
plan including the sequence in which said steps are to be
performed and the volume of components which must 'be
produced during each step, as well as the date by which each
10 step must be performed in order to produce said final
product in the required volume and by the required date;
wherein each of said final products is to be manufactured in
accordance with a predetermined sequence, wherein said
sequence involves a downstream process step in which the
15 final product is assembled, and a plurality of sequential
upstream steps in which the components which are required to
manufacture said final product are assembled, wherein said
production plan generator apparatus includes a first
production plan generator and a second production plan
20 generator, said first production plan generator comprising
means for generating a plan for producing a final product in
E - accordance with said downstream process step, based upon
| data input by said device for inputting data, and wherein
i said second. production élan generator comprises means for
25 generating a plan utilizing variable allocation rules for
! performing each of said upstream process steps in accordance
| with at'least some of the data input by said device for

} inputting data, and in accordance with step data relating to
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pl an, ‘construction tree data relating to the conmponent which nmust be next
produced, and process specific data, generating a prelimnary paraneter,
and nodi fying the prelimnary 25 parameter in order to generate a fina
paranmeter, after extracting inventory data and conponent |ot size froma
menory. This is the replacenent sheet 50126. A nethod in accordance wth

claim17, furth@rimmediately preceding process step, which is required to
produce said final product,.so that a production schedule
for producing each final product is produced in accordance
with an availability of said at least one component common

S to said plurality of different final products.

Preferably said device. for inputting data comprises means
for inputting data regarding a plurality of different final
products.
10

Preferably at least one of said plurality of different final
products has at least oﬁe component which is required to be
used to manufacture said at least one final product in
common with a second one of said plurality of different

15 final produéts.

Preferably'said.production plan generator apparatus includes
a parameter generator, said parameter generator including
means for generating a preliminary parameter and means for
20 generating a final parameter, said means for generating a
preliminary parameter including means for extracting data
regarding an immediately preceding downstream proéess
production plan, process data, and tree construction data
relating to the components of the final product to be
25 produced, from said memory; said final parameter generator
comprising means for extracting inventory data and component

lot size manufacturing data from said memory.
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conprrsjng controlling the production of each said final product and each
of said conponents in accordance with said overall production plan. This is
t he repl acenment sheet Date: 22 APR 1999

. 14
Preferably each of said production plan generators comprises

means for generating a production plan for controlling a
plurality of machines used in different process steps

required to produce said final product.

Preferably the system of the third aspect further comprises
means controlling production of said final products in
accordance with said overall production plan generated by
said system, -

10 . .
Preferably, the system of the third aspect includes a
printer for printing each production plan-which is generated
by said system, and a display device for displaying each
production plan which is generated by said system.

15

Preferably said memory comprises a RAM.

Preferably the system of the. third aspect further
comprisesmeans for controlling production of each final
20 product in accordance with said overall production plan

generated by said system.

According to the invention in a fourth aspect, there is
provided a method of generating an overall production plan
25 for producing a plurality of different final products each
comprised of a plurality of components, in which at least
one component is common to the piurality of different final

products, said overall production plan governing the
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production of said components and said plurality of

different final products in a production process including
a plurality of sequential process steps, said sequential
process steps including a downstream production process step
which produces said final products, and a plurality of
upstream production process steps for producing said
components, said method comprising:

inputting and storing basic data relating to said production
process and produétion data regarding the volume of said
plurality of different final products required to be
produced, and the date by which said required volume of the
plurality of different final products is required to be
produced;

generating and storing a first production plan for producing
said final products in said downstream production procéss
step, said first productioﬁ plan being based upon at least
some of said basic data and said production data, the first

production plan being stored in a memory;

generating and storing a second production plan for a first

upstream process step preceding said downstream process step
utilizing variable allocation rules, and which needs to be
performed in order to produce said final products, said
second production plan being based upon at least some of
said basic data, said production data and said first
production plan, said second production plan being stored in
another memory distinct from said memory;

determining whether any additional upstream processes

require planning; and
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if any additional upstream processes are determined as

requiring planning, generating and storing an additional
production plan for an agditional upstream process step
which has not yet been planned and which must be performed
before a next previously planned process step is performed
during manufacture of said final products, based upon at
least some of said basic data, said production data, and the
next previous production plan;

wherein said first production plan is generated
independently of the requirements of any other processes or

steps, and can therefore be generated before receiving

information relating to any other processes or step;

wherein said second production plan is generated dependently
upon at least one other process or step and requires
information from at least one other production plan before
generation of said second production plan; and

wherein said additional production plan is generated
dependently upon at least one subsequently executable
process or step and requires informdtion from at least one
other previously generated production plan before generation
of said additional production plan, so that a production
schedule for producing the plurality of different final
products is determined in accordance with an availability of

the at least one common component.

Preferably, the method of the fourth aspect further
comprises generating and storing overall production plans

for a plurality of final products. Preferably, at least two

This is the replagemsnt she

bate: = £ JUN 2008



10

15

20

25

17
of said final products to be produced have at least one

component in coémmon.

Preferably, the method of the fourth aspect further

comprises printing said overall production pian.

Preferably, the method of the fourth aspect further

comprises displaying said overall production plan.

Préferably, the method of the fourth aspect further
comprises (1) repeatedly determining whethef any required
upstream process steps still require planning, (2)
generating a production plan for the next sequential
upstream process step to be performed in producing said
final product, each time that any upstream process steps are
determined to still reqguire planning, (3) generating a final
parameter relating to the volume and type of components
which must be produced in the next proéess step to be
planned, prior to the generation of each of said upstream
production plans and (4) producing said final parameter by
extracting from a memory production plan data for a
sequentially preceding plan, construction tree data relating
to the component which must be next produced, and process
specific data, generating a preliminary parameter, and
modifying the preliminary parameter in order to generate a
final parameter, after extracting inventory data and

component lot size from a memory.

This is the replacenmmnt shoe!

baie: = 2 JUN TN

bemn wbaae s 0 wmer M s mie s | an iae e aws ameciiat mEree @ 4 e mp e m smueme, e ST T @ Baiye s e s g St emmn B mATAsl beemimet e s 4 a0 wee .o s =
= - - B HE T TR P S B P



10

15

20

25

17a

Preferably, thée method of the fourth aspect further
comprises controlling the production of each said final
product and each of said components in accordance with said

overall production plan.

The present application is based upon Japanese Patent
Application Serial No. 4-318,822, which was filed on
November 27, 1992, the entire content of which is expressly

incorporated by reference herein.

The above and other objects, features and advantages of the
present invention will become more fully understood and
apparent from the detailed description which follows, and as
shown in the drawings attached hereto, in which 1like
reference numerals are used throughout the several drawings

to designate similar parts, and wherein:

Fig. 1 1is a schematic diagram of a production plan
generating apparatus which is used to execute the production

plan generating method of the present invention;

Fig., 2 1s a schematic representation of a parameter
generator which is adapted to obtain the final parameters

for upstream processes in the production plan, based upon
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