MANUFACTWRI NG APPARATUS | NCORPORATI NG AN | NFERENCE PLANNI NG SYSTEM The
present tnvention +elates to nanwfacturing apparatus an

i nf.erence pl anni ng system for naKTl dg™production pl ans. FQZ‘??VG

t echnol ogi cal innovations or changes of consuner preference, pid d S|gn
changes in manufacturing have becone common. That is, recently, many types
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of the many types, WiNANURRGTORING EBPREEAPOS IREICREORATINGPPOI Nted  dat T
of delivery thereof.m ThHe. abOvVE-_NENLIONEd nanutactartng wth many
changes after relatively sAMINGERENEE DI ANMING SYRTEM very inportant to
keep up with quickly changing narket trends. Therefore, it is desired that
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st orage device 104 as a nenor vari abl es us maki ng
the plan bas@émnamméaamnlamﬁ @mdnaey cFurthgranee, quick responses to

frequent changes of the plans and’ consecutive modifications for filling in

gaps between planning and results of production are needed.



data of products. Numer.al 105 designates a display for indicating a
pronctlon pl an-whi ch has been made:by this system Nuneral 106 i's a
printer for printing out the producti-od plan. Numeral 107 designates a
storadge’ device for storing the production plan. The CPU (central processing
unit) controls the above-nentioned devi ces, equi pnents and program 1In the
abovenenti oned system ttu?anﬂﬂnstdunenﬁmap@pe$@'@mexnmimed pl an conpri ses

the steps of: 3’%””‘1’%‘*"% |ng e AROVFdBIbA OPRSkIER] %6 0508668) by L he

|npuk¥?eV|ce 1 o Ing a pro uctlon p an automatically
by utilizing t ﬁ&iﬁﬁ%ﬂniﬂﬂ?#Qﬁ qrt) ta cplanRing nsyekem: heMlst ori ng t he

devel oped prod éﬂég\ﬁﬂht €gawgfy|5@ desc3ibd@dwivher eby the
production plan eve opnment |s acco shed conbi I he ﬁ SIC dat a
stored in the FeHeKpN %\ﬁ%@Iﬁ}l 3« h"“%@ho%?éw?o? 5&6@8@?%¢ BRE (CPU);
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above- nentlone X roduce an-ent or production
pl anni ng fromtl&ydnguthﬁrgpféiuﬂumsxﬂl|b@?l@ﬂs¥ﬁﬂﬁtﬁésaadHPPP§nal tinme for
processing, and results in . a probl-emof |ow efficiency in planning. '
Therefore, because of the above-nentioned |ow efficiency in nodification, a
first problemis that the conventional nethod cannot

L/' device for inputting data of types of products to be
produced and quantity (numbers) thereof, namely data

- of products. Numeral 108 designates a central
processing unit (CPU) havihg-a program 103 for
production ‘planning which makes a production plan.
The prbgram 103 uses a storage device 104 as a =
memory for storing many. variables used in making the
plan based on the above-mentioned basic data and.
data of products. Numeral 105 designates a display
for indicating a production plan which has been made
by this system. Numeral 106 is a printer for
printing out the productioh plan. Numeral 107
designates a storage device for storzng the
product;on plan.

' The CPU (central processing unit) controls
the above-mentioned devices, equipments and program.
In the abovementioned system, the method for making
the production plan comprises the steps of: (1)
inputting the above-mentioned data of products by
the input device 102; (2) making or developing a
productlon plan automatically by utilizing the
program 103 for production plannlng and then storing
the developed production plan in the storage device



update frequent nodifications in planning by filling up a gap between the
plan and the real data which is being sanpled at every nonent. Japanese
unexani ned published patent applicatiom (Tokkai sho 63-291166) discloses
~anot her conventional planning system This conventional planning system
devel ops the producﬁ%i;gmgl an nore_easily because a_pl anner uses an

i nteractive mtdod KEhRy RTRARGELGR| BA2B) Qﬁvsﬂgpnsntaéﬂ ities of
interest. | racdumpEystiein by neomthiningoeHet basicofataciskioieds iay € i nput by

a keyboard, 't a fepsresenting.the conditions_are displ.ayed on a-:
CRT Ui ol oy e 'PEod dGPLEE b Nl PR R C AR B PR S T o
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di splay to insert menu eterm ned operations.
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al'l correcti gpddiicibng14n HER £RE80priALle 48Ut Interactively, and the
pl anner rnust check and correct - CthOI nt of: ﬁl anni ng so that the -
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corrections will nake tHR¥EYR¥ o eceafecthaksthe prRauctdom s of the
pl an. The priplamris heo¥ esdttistdetorpboensomei noGLEEcakivn becaneecti on and

| ow reliability. of. planni ng. Furthernore, .there are Linmtations of
changeabl e dzﬁ%a%r?bso JIRTat e ?hf) sn?ﬂl¥h§eg}‘lﬁﬁﬁegr g.haqaggs in o
above- nent i orprbduttatanr] systémsspecifipadtions,t thehatyuctiwe ©fanpl e, sone
~kinds of dat ggygL ' | a so on. Still
further, the%pﬁ{gér ar nﬁ%ns@% ae %{f%’%&’ﬁ#&hﬂ% teét pghgulhﬁ ?g'e usabl e area
for pl anni ng.eipiedewiPlan $eespreodugtian; phanping from dhe .
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enabl es quick p anniég and nndificati%n gf a gﬁan.slt igt?&P?ﬁér desirabI:J
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time for procé;sihg, aﬁd-results ih a problem of low
efficiency in planning. 'Thérefore, because of the
above-mentioned low efficiency in modification, a
first problem is that the conventional method cannot
update frequent modifications in planning by filling
up a gap between the pian:énd the real data which is
being sampled.@t every moment. _ N

' Japanese unexamined published patent
application (Tokkai sho 63-291166) discloses another
conventional planning system. This conventional _
planning system develops the_pfoduction plan more \_)
easily_becaﬁse a planner uses an interactive method
for making the operation plan of the facilities of
interest. 1In this system,'operétioh-cond;tions of
facilities are input by a keYhoard;jand'the data
representing these conditiqnsfare displayed on a CRT
display as a table of é'plan.  The planner can
produce the cperation plan_interactively by
scrolling the table of the plan on the CRT display
and by using a pointihg device for pointing out a
position on the CRT.display to insert or shift
select a menu list of predetermined operations.



nodi fi cations can be made even when-a change i s necessary in an existing
manuf act uri ng 'schene havi ng urgent -production requirenents For exanpl e,

i.t nay be necessary to add a.change and stop facility operation because of
unf Qreseen trouble of the facility and/or because of nodification for _
updating between the plan and the present collected data of production. The
i nference planning system -enables accurate planning and nodification of a
pl an wi t hout inconsistencies even when j'gteractive changes are nade to the
plagLé -5-* Furthernore, the inference planning system has flexibility to

hand-€ a change of 1daha,abbvelAsaSomd Histern]j BRhORINRMs eabfit®kofreehange Of
"output format of the plan. According to the present invention, there is

provi ded appaslah,usil toirettien forochirigeast dita peedsitd be dapydrinteractivelghands f or
carrying out manufacturing operations for the products and an inference

pl anni ng systuhe planneroniusbldhenly dride cptractieagh glointhef planning: soirthaty the
operations, said systemconprising a data base for storing planning data
and changi ng ctarecticnskwibtlvmalgdhbaappropniatet corinegtipns t@ @therspointsy of éhe ype
format which are to be used either in planning or changing a plan; an input
devi ce for irplans i T oriod a3k henredasriheceroblam @f daetfiqienqy knrerreelden. . base
and for inputting said procedures into said know edge base; a central
processi ng urfind gy seligbilityafplemniAgans for devel oping a production plan in

sccoruance w1 Saldl Bttt 2Bkl les, SRARS il o,
Changi ng- sai ¢ BRGBRAE FORTAPT T Bioraanne ok odrfodiRbay kha Sy
220 0c Uy, T ATV ko SERET R br S MorkBRFbES O
Sr (F;E:ieg;ie:]gf 3:{:'1?1{%9&}f&rnﬁtﬁﬁbgf%ﬁ\!ﬁjt%ﬂdsﬂrgd“mi on plan fromsaid central
Still further, the prior art has the problem of limitations in the
usable area for planning.. |
An object of the present invention is to provide manufacturing
apparatus incorporating an inference planning éyétem which enables quick
planning and modification of a plan. . It is further desirable that such
modifications can be made even when a change is necessary in an existing
manufééturing scheme having urgent production requirements. For
L/ \ ‘example, it may bé necessary to add a change énd stbp facility 6peration-
because of unfofeéeen trouble of the- _fa;:ilit_y and/oi' because of
modification for updating between the plan and the present collected data
of p'poduction.
The inference planning system enables accurate 'planning and

modification of a plan without inconsistencies even when interact'iv_'e :

changes are made to the plan.



-6 - The invention wll.now be described mainly by way of non-limting
enbodi nents .of the inference planning systempart of the invention, with
reference to the acconpanying drawi ngs, in which:- FIG 1 shows a bl ock.-
ditagram of a first enbodi nent of the present invention. FIG 2 shows a\,

bl ock di agram of a second enbodi nent of the present invention. FIG 3 shows
a bl ock diagramof a third enbodi nent of the present invention. FIG 4
shows a bl ock diagram of a fourth enbodi ment of the present invention. FIG -
5 shows a bl ock diagramof a fifth enbddi nent of the present invention..

h b i £ a sixth | nent_ of th d
Tnventi on G 7 SBRRGr| WB ekt ety bR e SuriEe o the
b “the. pr s adie stishtie of e, 4 Biidb b BlsfnfgtfE Ry andldr s ghide GEDC! TN
real i zing tﬂﬁggﬁ%ﬁnéﬁ ggfmlghpwn in FIG 8(a). FIG 9 shows an exanpl e of

production processes for a product. FI'G 10(a)- shows a process di agram of

the inference engjggordfing 16 the' SlesentDalieRbioh, thére islPfdvidethaysaratuar OCess’

diagramin the inference engine of the second enbodi nent. 7 FIG 11 shows
sonme an-exefgy ahy prodidtioh GfS photdict) coafpridirifinachited dbm tabSyiihd) oyl esent

i nvention. FIG 12 shows production data according to the present invention.

FI G 13 showmanofaeteripg asperations sfonethe @roducts and an inference planning
system for controlling the p‘lah’ningbf ‘the mandfacturing operations, said
system comprisin’gé a -data base for storing j:lann-ing- data aﬁd_changing
data; a knowiedge b_as_e for storing procedures in rule type format which
are to be uséd either in plahning or changing a plaﬁ; an input device for
inputting said plannihg. and chanéing data into said -data base and for
inputting said procedures into said knowledge base; a central processing
unit having .inference means for developing a production plan in
accordance with said procedﬁres and data from said data base, said
inference means comprising: planning means for planning said production
plan in accordance with said planning-déta and Qéid procedureé; means for -
changing said production plan in accordance with s_aid changing data and"
said procedures; a;'sd- a working merﬁbry for temporarily storing results of S
inference ddring said planning or séid_changing; and at least a display or a
prinf.er for outputting said déveloped production plan f_rom said éentral

processing unit.



dally facility operation. FIG 14 shows exenplary tinme schedul e data for
setting a period for disabling operation of a facility. FIG 15 shows
exenplary data of daily production results. FIGs.16(a) and 16(b) show the
fl owichart of the planning procedure according to the present invention.

FI G-17 shows the flow chart of the procedure according to the present

I nvention for planning/changing about a limted part. FIG 18 shows the flow
chart .of the procedure according to the prgsent invention-for

recon\‘it{r ucting the know edge base. :FI G 19(a). - shows exenpl ary allocation of
faci | Py resources. FfKe ffieRiios MaYSndWe BB |described MAINDY B89 QY ndi-1iFliGh '
19(a). FIGs.20(A) though 20(D) show exanpl es of procedures according ?o t he
present inventiembediptents ofl the infalendeyplanding Spstem part®hf theGnverticH)avish .
conposition of data in the. working nenory of the preferred enbodi nents.

FI G 22 shows i nfefersmcedn thb@etormpanying dtdwiafs,tihewhitlani ng of production. 5
FI G 23 shows flow of data and process in the interface of FIG 4. FIG 24
shows flow of data artliGrioshews s blockdidgrany dfoa firstf errb@in@nt Bf ¢he predeohs a
flowchart of process in 10  the intelligent editor of FIG 6. FIG 26
shows an exanpl iaventiemi | y :

FIG. 2 shows a block. diagram of a second embodiment of the
present invention. - | |

FIG. 3 shows a black diagram of a third embodiment of the

~ present invention,
FIG. & shows a block diagrém' of a fourth embodiment of the
present invention. | '
FIG. 5 shows a block diagram of a fifth embodiment of the
present invention..
FIG. 6 shows a black diagram of a sixth embodiment of the
present invention.
FIG. 7 shows a ﬁlock-diagram of a seventh embodiment of the
present invention.
W, . FIC. 8(a) shows a block diagram of an eighth embodiment of the |

present invention.
'FIG. 8(b) shows a block diagram of hardwax;e realizing the basic
diagram shown in FIG. 8(a). |
FIG. 9 shﬁws an exampie of hroduction processés for a product.
FIG. 10(a) shows a process diagram of the inference engine of the
first embodiment. _ |
FIG. 10(b) showé a procéss diagram in the inference engine of the

.o~

second embodiment.



production planning which is input by a planner. FIG 27 shows an exanpl e of
a di splay when the planner tenporarily references to another 15

production planning in FI'G 26.. FIG 28(a) shows flow of data and process in.
the procedure for output of data in FIG 7. FIG 28(b) shows flow of dat

and process in the procedure for graphic output of inference 20 result

in FIG 7. FIG 28(c) shows flow of data and process in the procedure for
simul ating the output of inference tesalt in FIG 7. FIG 29 shows an .
exenpl ary production plan 25 ., in "Gantt chart" formatas an exanple of -
graphi c output. -9- FIG 30 shows a table inndicating data of rate of
facility operation. FIG 31 shows a table indicating data of quantity of

stock as an exanpl fqgr. |G- u E 0 f 1l ow di agram as an
exanpl € of graphi cf%gf lgtgﬂg'% gg&gh%\ﬂs eé‘%%ﬁ‘g%&t :@%I@k di agram of the
convent itkeplaying basipl datangcepzddmus to thedpreisemt FI G 1 shows a bl ock
di agr am gi+. igherence planning systemwhich is a first enbodi ment of the
i nvention. The production planning is made mainly through an inference
engine 6 as descriBE@-13 shewsdpredugtinnrdgta acaerdima ta data base 1
‘stores BHd progentoifPbatasg, succeedi ng data of change. A know edge base

2 stores data necgﬁfari fog Qrocedures GoLLe onding to respective
esséntial points Bt ZAnPRGVS ABnExemplary time schedule of

dally facility operation. :

. FIG.14 shows exemplary time schedule data _
for setting a period for disabling operation of a o -
facility. o : - | A
' FIG.15 shows exemplary data of daily ‘

production results. R

~ FIGs.16(a) and 16(b) show the flow chart .
of the planning'procedure-accordihg to the présent
invention. ' | " '

FIG.17 shows the flow chart of the
procedure according to the present invention for
planning/changing about a limited part;
FIG.18 shows the flow chart of the
procedure according to the present invention for
reconstructing the kndwledge base. _ _
FIG.19(a) shows exemplary allocation of W
facility resources. - '
FIG.19(b) shows results of the procedures
of FIG. 19(a). ' , o _ o
' FIGs.20(A) though 20(D) show examples of
procedures according to the present invention
expressed in rule type format. -



These procedures, expressed in rule type format, are used for the planning
and kor the later changing of the relevant production plan. Nuneral 3

desi gnates an input device, through which data in the data base 1 and the
knowedge base 2 are input. Nurmeral 4 designates a procedure for planning,
and nuneral 5 designates a |ocal proced@e for planning. The planning
procedure 4 and the local procedure planning 5 are both disposed in the

i nference engine 6 which is disposed in a central processing unit (CPU) 8.
Nuneral, 16 designates a display, and nuneral 22 designates a printer. The
result”of ~  -10- planning and other data are output to the display 16
and/or the printer 22. The working nmenory 7 tenporarily retains results of
pl anning in the nmddle of planning or nodifying. The CPU 8 controls
processi ng between the dat.a base 1, the know edge base 2, the input device
3, the inference engine 6 and the working menory 7. FIG 9 shows an exanpl e
of a production process for a product, such as a printed circuit board. For

i nstance, let us take a prpflgctﬁgnsﬁeggeﬁamﬁgﬁielghi Bffeﬁa Qari?‘ac d ype No.

530N, This production process assumne ere are el even Ities in
a factory, and HRX¥iRg | MeRory ef thecprefersedoppbogénentsan outside

factory. The prlnt ed boardr:@.ﬁdsnéhéoyﬁhoﬁauﬁaﬁt dbblé Rheceemath R .U
.and Min that ord i es .2 and AE No.1 are for the.

|I|
‘manuf act uri ng pr é?% Agf ngtﬂg BFB@E?EiPB |nsert Axi al parts).
Simlarly, acilities RT I\EIG 2RTshows, fRowNofldatd Bhd\prdcess fiar the

manufacturing the interface of FIG. 4.
N FIG.24 shows flow of data and process in
' the interface of FIG. 5.
FIG.25 shows a'flow chart of process in
10 ‘the intelligent editor of FIG. 6.
FIG.26 shows an example of daily
production planning which is input by a planner.
FIG.27 shows an example of a display when
the planner'tenporarily referenoes to another
15. . production planning in FIG.26. - S
FIG.28(a) shows flow of data and process
in the procedure for output of data in FIG. 7.
' FIG.28(b) shows flow of data and process
K;' in the procedure for graphic output of inference
20 result in FIG. 7. : : _
FIG.28(c) shows. flow of data and process
in the-procedure for simulating: the output of
inference result in FIG. 7. o
FIG.29 shows an exemplary production plan
25 in "Gantt chart" format as an example of graphic
output. |



process R (e.g., the process to insert Radial parts) The rel ation between

manuf acturing processes U (the process to-insert parts of Unusual parts)
and M (the process-to Mount electronic chips) with other facilities are
made in a similar manner. The facilities RT No.1, RH No.1 and RH No.2 yfjch
are encircled with a broken line servg as conponents of a R-manufacturing
process 103. However the facilities No.2 is not included i.n the sane

bl ock 103, because the facility RT No.2 is a part of a continuous process

line (manufacturing |ingicl9é shows &0tAblecindichinRA L srequence )
manuf acturin In these facilities, the printed b®ard

oce
is produced t dﬂgtﬁ?ﬁiibg%p88ﬁﬁaﬁfﬁﬁess flows. Exanples of the three
alternative process fl oEBGaBlj show§ia table hhddkat@dg davaoa€ 103 bl ock

105 _ block 0 o i bl ock 102 _

bl ock 10J jgﬁ.fa tﬁi"’l%BOf %F %ﬁ Q‘J‘F‘F’éf%?% ?} ﬁ‘b’wghé P&\)ﬁp&t‘data and

process in the |nferencEIGnQZnshewahacﬁlnukdiagnempasdautHmamykn1 In

FIG 10, nunergy g gg%ﬁ{@o aBpes, desi gnat e exanpl es of concrete data in the
n

data base 1. Anp r¥ nuneral 23 desﬁgnates basi c data for production,
'such as type of faC|I|t G- 3prehowsi ansebematicohinck: ddagerm &b | iti es,

capaci ties oftHespmweneibnal! prics apd bﬁaﬁﬂint;heygeam ¢ soon. FIG 11
shows a dlSp|%¥ ﬁ t ble showi ng concrete exanpl és of the basic data 23,

mhlch_lnclud faC|I|ty capacities. for exanple, rate of quantity
of inserting electronic parts per hour of a_printed board produci ng
facility, |oading periods

FIG.1l shows a hlock diagram of an

inference planning system which is a first
embodiment of the invention. The production
plannlng is made mainly through an inference engine
6 as descrlbed in accordance with FIG. 1. In FIG.1,
a data base 1 stores both planning data ‘and |
succeeding data of change. A knowledge base 2
stores data necessary for procedures;corresponding
to respective essential pointsucn-planning scheme.
These procedures{ expressedfiﬁ'rule type format, are
used for the planning'ahd for the later changing of
the relevant production plan.. Numeral 3 designates
an input device, through which data in the data base

1 and the knowledge base 2 are input. Numeral 4 o/

deeignates a procedure for planning; and numeral S
designates a local procedure for planning. The
planning procedure 4 and the local procedure
planning 5 are both disposed in the inference engine
6 which is disposed in a central processing unit
(CPU) 8. Numeral 16 designates a display, and
numeral 22 designates a printer. The result of

4



showi ng a period of |oading the printed board on the facility and an

unl oadi ng period show ng period of - -12- unloading the printed board from
the facility. Nuneral _
prodiced, for exanple, types, "anmount or quantities and necessary fl ow of
manuf acturi ng processes (nanely, for_t4ge-printed board type No. 530N,
necessary flowis "A->R->U>M") “of products. FIG 12 shows a concrete

exanple of the gi
scheq:le as to

dat a

rOp1

24 designates-production data for a product to be

Anhihe end otrer, 44t s B AEES ARRUY, BB,

S i nput | ahd/olre theeprfintey @2 .of Thee waxiing aremepy¥ f product

ucti on

of Pots, poi ni SPuEPRATAIY Eelhink thadies' < YRy, LRORRS' I0 O

I'Ng pro me for starting the

process A in Flg@iddile DﬁiplannﬁNQQQreﬂﬂﬂ#inﬂg(ﬁ'fhéec?grsfpﬁp§ﬁpﬂ§, t hat

I's, an appointegr
(nanely require

blgg

tirme

iy é%ﬁéﬂ IWies ddunpdd@ Df €l kabwlelgehe product
sflg:g c?o‘rrp etrlmon of the rocesI Din FLG 9 ign this

exanpl e). FurthbREsr &, iNeHapnt fAgvise 3, jnterepre; fBIINR6 or
different typesagli RhedwcrcBis newatty 7As a matter of course, a plan of a

production satisfying all the resgpective dagﬁ%ﬁ;d%gﬁ%:ﬁgthgtqQQe. Nuner al

25 in FIG 10(a) desi gnat 8%t SMYHdhd®

producti on

_plan such as "bpeloess Hand mroduct, "sucheas pl prinbed, cirgudtso
*condi tion data %%a%%,”EthOds for planning such as "standard of - 13-

o

For instance, let us take a production
process for a printed board of type No. 530N. This
production process assumes that there are eleven
facilities in a factory, and one facility in an
external factory such as an outside factory. The
printed board is made through manufacturing
processes A, R, U and M in that order. Facilities
AH No.l1l, AH No.2 and AE No.l are for the _
manufacturing process A (e.g., the process to insert
Axial parts). Similarly, facilities RT No.1, RT
No.2, RH No.l and RH No.2 are for the manufacturing
process R (e.g., the process to insert Radial
parts). The relation between manufacturing
procésses U (the process to insert parts of Unusual
parts) and M (the process to. Mount electronic chips)
with other facilities are made in a similar manner.
The facilities RT No.l, RH No.l and RH No.2 which
are encircled with a broken line serve as components
of a R-manufacturing process 103. However the
facilities RT No.2 is not included in the same block
103, because the faéility RT No.2 is a part of a
continuous proéess'line (manufacturing line) 101
which comprises an inseparable sequence of
manufacturing processes A, R and U. In these
facilities, the printed'board is produced through
three proposed process flows; Examples of the three
alternative process flows are: | |



di spatching”. These conventional planning nethods or standard "backward
pl anni ng", "forward planning", "standard of dispatching" and other
-echnical terns in the specification, are elucidated in the 5 .
publ i cation Engineering of Production Managenent, witten by KATSUNDO _
H tom , published by KORONASHA 1978, first edition. Nuneral 26 designates
policy data of planning as to policy of factory management, such as
increase of the rate of facility opétation, 10. decrease of the total
stock and shortening of the bel.ownentioned |ead tine. Nuneral 27 ;:)
desi gnates data about tinme of daily .facility operation. FIG 13 shows a
time schedule of daily facility operation as a concrete exanple of the
data about tine nanely 15 . which is a. period of operation in a day.
Nuneral 28 designates data of succeedi ng changes. This data of succeeding
changes is input to change the establish production plan; in other words,
the data.is input after the production plan has already been prepared 20
with itens such as an appointed tinme |imt of production and an indication
of overtime work for an extra urgent production, stop of facility operation
and/or, results of present production. FIG 14 shows tine schedul e data for

i ndi cati-ng and setting a 25 = period for disabling operation of facility,
and FI G 15 shows data of. dal |y production results with respect to daily
product cond{i) ons as b&nckeﬂ.@Zemmmflume_dawodt roBange 28. Each
procedure which is to okkeq t 30 respective predeterm ned points on
pl anning in the bel ow mentioned ’steps 29, 30, 31 32, 33, 34, 35, 38 and 37
are stored i bfithe knowbdegk B&ée;l blmak 2A04h e exanples of procedures -
expressed inciy4p typeb&%ﬁahoas I ’block 10.'.( par thpbckOPgiti on) then --
(part of result) in the know edde base 2.” InFTG 10(a), the pl anning
procedure 4 and the chEﬁQFﬁg ﬂﬂocedure 5. each have a main fl ow of

FIG.10 (a) shows a flow of data and
" process in the inference engine. 8 which makes the
production plan. In FIG,lo; numerals'23-threugh_28
designate examples of concrete data in the data base
1. Among them, numeral 23 designates basic data for

production, such as éype of facilities (production
means), quahtities-of facilities} capacities of

. respective facilities and layout thereof, and so on.
FIG.11 shows a displayed table showing concrete
examples of the baszc data 23, which include _ W,
inherent facility capaclties. for example, rate of '
quantity—o: inserting electronic parts per hour of a
printed: boara producing facilitY. ioading_periods
showing a period of loading'the'printed,boafd on the
facility and an unloading period shdwing peried'of



-14- procedure as nentioned below. The planning procedure 4 devel ops a
dai |l y production plan utilizing the-working nmenory 7 based on the data 23
te data 27. The planning procedure 4 conprises 5 steps 29, 30, 31 and
32. \\uireral 29 designates a step for deygl.oping a manufacturing process.
In the step 29, a flow of processes is determ ned corresponding to type,
since necessary corresponding data is provided fromthe know-.edge base 2;
for 10 exanpl e, one of the three procésses in disclosed FIG9 may be

sel e¢ted and thus the corresponding data woul d be retrieved fromthe

know dge base 2. Nuneral 30 designates the step of calculating a reference

val ue whi ch begum&aaﬂi&éﬂaﬂié ﬁzlolnﬂéd bo@tr@nfirdl, thHChaailﬁ.hI?.ea[)l iest tine
to start a prodyction.r atest ti | run nay .be

conpl et ed, narg mﬁ ﬁ&( eﬁﬁgﬁqQﬂSeﬁﬁp¥$§?$§é#?l¥ Eﬁ goﬁfPiQFéﬁgﬁtof

bal ance. Nuner alto3bed gricghatest, tfar séxammie Al types pgamavhtcomcrete 20
operation perio tep of

cal cul ati ng an gs E‘t@ﬁoénsa\%é*duteﬂec?%a%]é?g gﬁ%%‘q@g?‘gﬁf‘p?. én step 32,
estimation for @mmqaasaﬁ &ﬂﬁﬂQﬁxﬁtﬁﬂrpﬁhﬁlpslmﬁgé boaxrd| t¥pet Nag the rate
of facility opeggbmpnméég§§§} eqssmgg$> ligULegﬁuslgg fromallotted

operation, and so on. GS. 16 a) and 16(b) shows the flow chart of the

above- mntlonedxpéb@t?& FEG 313 Rhaws A conTrete exampieg sf. the |
The step 29 for p&b@d&it&rﬁcaaﬁa mprmﬁsrs fon@prbasic spebtpizdtien deci di ng

a manufacturing grooess 0N &lds (PSS Pie ASPUS s (& BasitGnTtoTRES
production. The following data is input into the
specification of the schedule: type of product
(e.g., type of printed board No. 530N in this

_example), respective numbers of lots, peint of time

- for starting production (e.g., time for starting the
process A in FIG.9 in this example), and point of
time for finishing, that is, an appointed time limit
determined from time of delivery of the product
(namely required time for completion of the process
D in FIG.9 in this example). Furthermore, as shown
'in FIG.12, many lots for the same or different types
of products are input. As a matter of course, a
plan of a production satisfying all the respective

W : data of the lots is made. Numeral 25 in FIG. 10(a)

designates data of methods for planning the |
production plan such as "backward planning", and
"forward planning", and also condition data as to
methods for planning such as "standard of

O



in FIG9 shows a flow of process No.1, No.2 or No.3, 35  one of which is
sel ected for- the type of printed board No.530N); and. -15- a step 3g~for
provi sional selection of facilities usd@ +n every manufacturing processes

o or W RRigbatellghs (nee o Rrfift Yndi DRSS Aedodd FIC 9 &

No. 2 or can -be“se

cal cul ati ng @ r8kanpdard VEPGSW@§#me§2F#ﬁﬁ¥ﬁ(ﬂﬂQﬁM%EPSPb@BanG%Iep 40
cal cul ates a'sté'ﬁdbi\haﬂﬁed% %Q%Q%'W%ﬂd/mé%f HEANEES) feheP 41

conpares res ectlve . W'th respondi redet erm ned val ues;
A step 42 di sgﬁﬁéggﬁéF&PPonqgﬁ Q#f éﬁg'g %rge | oss of t he'w’
line bd anCGpthﬁcathhl BAghfkardnd of Riddtuctiwn Mamigsieést i ned val ue.

The step 42 t retyrn r.d ct one nore
facility pr o‘(ﬁ’s{‘]’éﬁgl 5% i“kgé’%‘g‘é %'%%ﬁ%vul(ﬂé’{bééss}heéi 3%¥ P#%%&@%@ul ated start -
time wherebyi®78} afirst efisdtdhemnuf adiuxrenaj. @60 desigrat dés pa:ﬂncfor
respective | e S conpletlon
ti me wher eby&%%?rp%-et Pgéﬁgéﬁghgls %(?c? % qf)fe (}'%3#% ﬁ%{!l respebt ive |ots.
A step 44 caﬁleqhaeesmnveaateegf Gélﬁ:maé%%@fstf@rqﬂti%‘é operabionhe start of
the manyf aCt&’ééf‘SaQéoﬁisﬁhEa'&o*E‘ilnmél@rax{cfv‘%?ﬁﬁtﬁé&ﬁﬁ?téf fhe step 25

44 al so calcul ates the,l atest caonpl.etion tlneﬂwgere he conpletlon of the

process can PRl ﬂ‘ﬁﬁ@eP&mPﬁQ tedGe &imR, | Jfumer, l:%% S whet her the
times of theisbavabsrst temed oFaldadliat lmm:n:yt fupémmm VeFi@i$330 - wil |

be in accord qgssm%tglkgesggggu&ted 'dni lPacihty operation as
a concrete example of the data about time namely '
15 which is a period of operation in a day. Numeral 28 o/
| designates data of succeeding changes. This data of | '
succeeding changes is input to changelthe establish
production plan; in other words, the data is input
after the production plan hasualready'been prepared
20 with items such as an appointed time limit of
production and an indication of overtime work for an
extra. urgent production, stop of facility operation
and/or, results of present production. FIG.14 shows
time schedule data for indicating and setting a
25 period for disabling operation of facility, and
FIG.15 shows data of dally production results with
respect to daily product conditions as concrete W/
examples of the data of change 28.- _
Each procedure which is to be used at
30 respective_predetermined points on planning in the
below mentioned steps 29, 30, 31, 32, 33, 34, 35, 38
and 37 are stored in the knowledge base 2. FIG.20
shows examples of procedures expressed in rule type
format as "if ..... (part of condition) then --
35 (part of result)" in the knowledge base 2.
In FIG.10(a), the planning procedure 4 and
the changznq.procedure 5 each have a main flow of



of delivery. In ot her wor ds, step 45 determ nes whet her the cal cul ated
earliest start time s earller than-the ting to start the production (e.g.
as shown for exanple in FIG 12) or whether the 35 calcul ated |atest

conpheti on ti e dripdethitfe AW mdrtS; dhé® xséasorrplﬁtxs pignRifguction in
FIG12; if either of the two condltlons arﬁa ound to, be true the step
I

-16- 45 out put s PAR¥F 4 AqHelqps 2 (921 Ly REPAREHLIPNNBLRS not-in-tine of
t he appoi nt ed tutalytxﬁgﬂtnﬁi wYiines hémopry oviubdsed dat ghéddqeagasthe tine

to start the pr ti t s shewn in the table
of FIR‘G 12), d%%%? et rnshﬁb ﬁaﬁ?ﬁﬁgaﬁrﬁg‘kf% BBPrI"ggﬁlt I s

not -in-timd of1&t§p§nﬁﬂ;ﬂ&ﬁitilnandrBkaaEmmernht29edesngpat§sraturns to
step 43 when any n 1l

not-in-tine, so t t ano?i Fﬁﬁﬁg %@yﬁ%ﬁ@%g éeéy%E§SE Fo?ne§gﬁple in
FIG 9, an altershev@%r ca:efs!sawm cpmc%%se%téa determinedNo. 1, No.2 and
No. 3. Step 47 Cdptignd®igitd tﬁﬁepeéiﬂé'é ﬁ@éeééary éSﬁE&beﬁal

facilities, such as the tinme différence we é e cal cul at ed earplest
theq:“ﬂe

start time and G¥F&d%REREHAeG 9N Hhe g8ePABEP231 £6F allotting
each oper apion rwaméoaxéam ItHey tlrele spi-oeedsee &GdiééLubseas 20

h in FIG 16 t I the,f t 48 sel ects .
the type of prodiis i B SRLSRERH | 854 cEPuP ohBF o FERPPOPALPEcpoct  ve
facilities whehdaﬂaﬂwould1héuret#xnﬁgd ﬁgomhahgeknbwrédge baseproduct i on
data, the cal C“'rﬁinf‘éi:atl Fo IdediYndtled | fke ObtéPCofPRRIBLEdE1hEEa The

product sel ection
, reference value which becomes the basis for
N\
15

planning, such as the earliest time to start a
production run, the latest time a production run may
be completed, margin time (slack time) of the
facility and efficiency of balance. Numeral 31
designates the step of allotting each concrete
20 ope:ation period to the facility. Numerai.sz
. designates the step of calculating an estimation
value. In the estimation calculation step 32,
estimation for quallty of the drafted plan is made
by calculating the rate of facility operation, the
25 total stock, the lead time from allotted operation,
and so on. . o : B _
L; FIGS.16(a) and 16(b) shows the flow chart
of the above-mentioned steps 29, 30, 31 and 32 as
shown in FIG. 10(a).
30 . The step 29 for the manufacturing process
comprises:.
a step 38 for deciding a manufacturing
_process'for all tﬁpes of products (e.g., the example
in FI1G.9 shows a flow of process No.l, No.2 or No.3,
35 one of which is selected for the type of printed
board No.530N); and )



and allotnent is performed in a given order by a predeternined "standard of '
di spat ching"- procedure stored. in the ﬁﬂOMAedge base 2. 30 Step
49 selects a lot fromthe types of prbotldcts by the "standard of

di spat chi ng" procedure and allots_the operation,period, for the sel ected | pt
to each facility. StepaBGg@ﬁbé¥i %ﬂ%tﬂﬁgv%ﬁé°ﬁﬁio§§bﬁﬁﬁl89 ®f  step 4% s
possi bl e. Ifacillidriesonsed tire everk masufactudingt procalsddeeagy | ocati on
is not allo ble,.. i ther e, start tin | Qi te 17 operation
period is eéﬁﬁig%‘F%%ﬁﬁfm§%§¥§§%sfét§hg ;éggﬁg%oggtg_e %FQﬂﬁﬁFthe end ~
tinme of all ¥et-dd Wpdil&.i%n AfeNo@d2 i or | AEeNot: haganhbe| sedectesipl et abl e \o/
tinme. v 0fS§et O the time for
start gr the time for%?np%#g?;@agéghg%e?%ggﬁgblg,- Q\%E%ﬁe&% check result
i s not al | oVRdMee compxises (the £e1Lewing 8KePBe the step 38, 39, 43 or 49

o e, 10 Lhe ol o livioRlEnde knussions gt 1175 |
sel ected provisionally.n the ste e sane type of facility .2 is
sel ected | anﬁ?e&U‘éﬁ’%fm%%e‘?ﬁ B&’%ﬁ#ﬁﬁ.’l and thereafter returns to the
step 49; the second tiAstepe 41 cpompares prespectdvel produdts process

retur to S ; [ | tepsR1l_i,s performed, the
procegg Tet yra'%g %%}p%r@ éﬁ%ér‘%?ﬁrégg?ﬁersgfgég'faci lity RT No.2 is

sel ected instead of t e steme 434 dividesxa 1long operatdpnslats perf orned,

the processyhGlalf Radded ¢ Ybge 9668 J8. tABC18hePpATake CAldH! a11 N
estimation val ues conprises the fol] ow ng steps.
- the line balance is smaller than a predetermined
value. The step 42 then returns to the step 39 (in
15 order to select one mbré facility provisionally).

A step 43 calculates the earliest
calculated start time. whereby a start of the
maﬁufacturinq proceSS'Can“be-made for respective
lots. The step'43'also calculates the earliest

20 ~completion time wheréby completion of the process
can be made for the respective lots.

_ A step 44 calculates the latest calculated
start time whereby the start of the manufaéturing-
process can be made for respective lots. The step

25 44 also calculates the latest completion time
whereby the completion of the process can be made
for the respective. lots. | - | W
. A step 45 checks whether the times of the
above-mentioned calculations in the respective lots

30 will be in accordance with the'éppoihted:time limit
of delivery. In other words, step 45 determines
whether the calculated earliest start time is
earlier than the time to start the production (e.g.,

| as shown for example in FIG 12) or whether the

35 . calculated latest completion time'is later- than the
time to complete the production in FIG.12; if either
of the two conditions are found to be true, the step



Step 52 calculates a virtual load tinme of each facility under an assunption
that the facility 25 is able to work without any limt of a tine period
in a day. The step 52 also cal cul ates raﬁgleé of facility operations, which
are kaves of o peratlon periods for

perations_ of t-heifacilit en. the

‘respective | ot I a t ime gStep
B, TR t0e ek chesulToRnar: £BB- cageulated T

53 cal cul at ?s zhid ?m:t:-unﬁlmbfafleﬂ;asappaehtad tia@.t he s:jart of tEe

operation of the first o] ro t he

conpl etion of the |ast %u%@% # %’%ﬁsg%g gh% Ear?ﬁéggg. é%(;&qc"t

St ep 54 cal cul a(tela-g + Hthe rkimentd sstaxst otheppudduetion aapiihecdrime

manuf act ugi ng lé?t%j tg'ge g%@f’ fﬁoﬁﬁ O{:aBiPaEfpi-‘&%“‘i nﬁ] is to be

18 - stored durlng e tire period fromthe co et1on of

manuf act uri ng fRReLeIrns r#‘bd"ck@ %@Phésaﬁbeﬂnfb& eheek i!'lﬁsc'-ll(ﬁ igel i very.

Step 55 CO”Da”ﬁ%ﬁJEﬁ*%fﬁildEﬂﬁE@ a@ﬁtéd txﬁé@n1§heﬂnéﬁ wi th respective
predet er m ned va. ues to, determ ne t | whet her the rate. of

facility operat} rnatiye. step 46 ’5?1=BEP§WFPn§H Paftd; When) ap¥et her the
_Iead time is shivdrye tdfirthe psthictionedatane4 esedultisi inwhet her anount of

stqaks ar ef erm nthee Il mation
vaI ues a(rie% f oufft %‘4 ﬁﬁi %%5 ng @g nﬂggﬁgﬁaggggggfwgigg c?"p orned to
change the prodsilectediat For exanple, t ineFIG:9st ant adgeynatiste on, or the
time for conpl 0Nith eR 5&. et ur to the
step 38, 39, 43 or A%Q@%de l:’:%'Jtme rr%%%gé%%égl gggg ?%rat’hgmsft‘aelé . The
first daily pré(ﬂ:c:t-l on plan per mnute

U Step 47 calculates margln time periods for
15 respective facxlltles, such as the time difference
between the calculated earliest start time and the
calculated latest start time. .
' The step 31 for allotting each operation
period to a facility is disclosed in FIG 16(b). As
20 shown in FIG 16(b), step 31 includes the following
steps. ' '

Step 48 selects the type of product which
is to be allotted preferentially to respective
facilities when, even with the calculating change of

25 = the production data, the calculated time is not in

| time of the appointed time. The prbduct selection -

— and allotment is performed in a given order by a
predetermined "standard of dispatching" procedure
stored in the knowledge base 2. _

30 Step 49 selects a lot from the types of
products'by'the "standard of dispatching" procedure
and allots the operation period for the selected lot
to each facility.- '

Step 50 checks whether the allocation of

35 step 49 is possible. 1In other words, the check

- result indicates that the allocation is not
allottable either when the start time of allotted



i s devel oped as nentioned above by the planning 20 procedure 4, which
i icl udes the process disctoses in FI.GS. 12¢a) and 12(b). The procedure 5
conprises step.36, 37 and 37. The step 36 searches for all linited parts..

sear ches al | PPSEatIRR bertod 3d Srtightenad Ehd eara L BHEE1RR ONO OF S
limted partrgadghde stamceutivherHthgeend timwepdfinabtobhed necessary

after devel o - o] ] afaé di ate nodification of
the plan 30 B%??t%ge%r%sﬁs]#oﬂ%ﬁ%%éﬁo 121? g?l'dggg(b), t he )

pl anni ng/ chafigPR eSSl fider for a linited part corresponding to the o/
succeedsng change i s natepsT ickdngesr€hé NBrodust £on38aths BagLS

i nfl uenced b¥ thgg._cha e, rm*?e t_E)y thﬁbé)roce utg 4é°th§e ata of 35 t hese
changes are FBfr &38% &85 FaRE RF BF TIBRAE5sSORRLebt8Rel8r e 37 del etes
t he parts whshbwnedin FIGd 2,0 Wwher thanckeck N\eesultr jsknotl edge for the

- 19 - procedyr hS St or, ' e .+1h step 37 is
for clearingg#%gtgggﬁﬁhed |r#{éiﬁﬁkéﬁgy*ggghfgééf%%fEg,gﬁﬁeggﬁ erence
elrllgji nei partlt98%laégﬁlr.js 4Bheon &Eerﬁ?‘-vﬁ?lﬁntéhethe.@xa?plé otf_ t h'te' list of
al  ocaj gon | is £ fPs: s for estimation in

t he ste%'32 ?% f%éj#ﬁﬁﬁéf_'par?y%fft e orlgrnaflﬁ?%ﬁé The step 37 returns
the process P&oVisipnaddyirdn £hesteRli3I? cathensame k¥PerPi nal plan. The

10. above- Faeinargd ref s, 0fid tpex_g@\g@@juiﬁ therstégpsat ed fOL each and
cvery change i is Dol s, I "oR0RIReERe TLRR-CoLY gho' 1o 00ve:
step 49; the second time the step 51 is performed, :
15 the process returns to the-Stepﬁ43; the third time o
the step 51 is performed, thé_process returns to the
step 39 wherein another type facility RT No.2 is
selected instead of the type RH. The.next-timefthe
step 51 is performed, the process returns to the
20 step 38. _
_ The step 32 for calculating estimation
values comprises the following steps.
~Step 52 calculates a virtual load time of
_ each.facility'under an assumption that .the facility
25  is able to work without any limit of a time period
in a day. The step 52 also calculates rates of
facility operations, which are rates of operatiohs _ w
of the facility when the operation periods for
respective lots are actually allotted to facilitiés.
30 Step 53 calculates a lead time, defined as
_a period from the start of the operation of the
first manufacturing process for-eadh product to the
~~ completion of the last manufacturing process fq: the
:“; same product. | | o
35  Step 54 calculates the intermediary stock
N produced in among each manufacturing procéss: and
- the total stock of final products which is to be



15 for changing conprises the followng steps. Step 57 searches for any
allotted product |ots of the type pertingntgto change which are to be
changed in all the nanufacturing processes %r(nnthe wor ki ng nmenory 7. 20

SLepAoB sear chegyboldt Rl dile ilicloaSebdh LRECEInBY eliBeS g3 ched

lot in the step and 1s n cessary to anged from the worKking menory
7. The step 37 FBe d&sd MApuiachuring Prreesesof afBrodughgtay thempri ses

the foll ow ng sh? lngga)ﬁiméﬂyiykt(ﬁaldgqiggkyalues by cal cul ating
virtyual load of tacility, the r%%es of facility operations, the lead tines,

the Mt ernediary st ock. an®HAR: 83 (CANRATRE these eftipatiop, yadues wit hout
the above-senti dreth dalep Sa hdtthargsphetive ﬁﬁeﬂéeeﬁiﬂéaooauue& ¢b the

searched lot. S e val pe he are ed | ot.
In other words P%&eg#é%%%&‘canfﬁg@s% Yat Ql f‘(}?ﬁ%hﬁ:nghﬁairaﬁ oLt he

earl : etst st ?rt facd ldty lopenadion ds lalegealthantadpeedétemlned- 20]: .
conpletion tine e téﬁﬁ r 0 e
operation, the €§%€d|3€9§ wﬂgﬁak co (ég ?&ﬁ@ 18 %rg%grgF%ggg and the
margin time to PF&MQ%W@/’@I% (sikiﬂ) a%hstherb@%ﬂkntapﬁes Af t er

the step £8. thatblcpy 'a%éqwtﬂﬁﬂ%sﬁﬁaéieﬁﬂné&eaﬂbeﬂﬁ mentioned step
4. In the step 4 via steﬁ@?na ‘new r.eference val ues |ns f .the

above-nentioned cleared o the estinatien valyes axg QFP c&fi on
i nst ead of thg slteyc 55eio eedindesirable, a step 56 is performed to

change the production data, e.g., the time for
starting production, or the time for completion as
15 shown in FIG.12. The step 56 returns to the step
38, 39, 43 or 49 in the same. manner disclosed for
the step 51.
' . The first: dally production plan per minute
is developed as mentioned above by the planning
20 procedure 4, which includes the process discloses in
FIGS. 12(a) and 12(b). _ .
The procedure 5_comprises step 36, 37 and
37'. The step 36 searches for all limited parts
which are influenced by the data of change. The
25 inference engine-s searches all lots which are to be
changed. 1In the procedure for changing a limited
- part 5, when a succeedingfchange.in the plan becomes
| necessary after development by the planning
procedure. 4, an immediate modification of the plan
30 is made. aAs shown in FIGS.lO(a) and 10(b), the
planning/changing procedure 5 for a limited part
corresponding to the succeeding change is made by
first searching in step 36 the parts influenced by
the change made by the procedure 4; the data of
35 these changes are represented in the data of change
28. The procedure 37 deletes the parts which were
foﬁnd to have changed. Necessary knowledge for the



cleared one is done, and estimation values are re-calcul ated. Therefore _
nodi fication of the origi-nal plan is conpleted. In the above-nentioned step
4{via step 37" 15 and the steps 36~ati-37 of the procedure 5 for _—
pl anni ng/ changi ng_about |imted part cal culation, the above-mentioned ()
conpar i son, RIS %ebﬁcﬁt‘aﬁédsénoﬁh&r kngyledgrer baseht3y and qui ckly,

i ddi e ?ﬁer“m"““ T St e ot e el ol G nal pLabning in the
ni ddl e ther 41337 2$3|E§&slﬁ%Fg e %Pﬁb%ﬂgﬁkﬁP ié ©2 sho

nmor e det ai | q:am.‘nposleans thei referencen valaeis. tﬂmﬂt@tﬁtepf‘whe 25

pl anni of 0, ( n T. result of
_the plgﬁnlnéﬁg$ prd%u% |£ff?§€%§°§rgsd§§%&ﬁ}E¥% %§1%ﬂﬁ1%¥ﬁ%d§§t every '
operation i antﬁ%enﬁaMShfhavestnmatm dn the wtep &2 pindties, of
standard ting uka g ces § facility and
of suppl errent as ﬂdﬁmée oﬁ gﬁng EP'&B?& Rg'ra& &f‘%{ t%‘éésﬁow‘?a bl ock di agram
of an i nf er FREOFAINERAPEGSEER KR Ehe; Pracféé'&ﬁd“e AR nent of the.

i nvention. GudEspeaeien agrt§335rig1ﬁaq paEpQnenthe to the first enbodi ment

are shown by .t he sane a and the description thereon made
inth %fl rst® ‘é%%a‘f‘ﬁ%’ﬁ? FEFP§ °¥at§f [?ﬁeydq %f %nces and features
of this secmnpmbedlﬂenteécnnahbeeireryt chaingé entthe erenhbhgows. I n the
above-nentioned first d 16(b), in
the steps 42, 46, 51 Ofﬂg& i?Eghogg %é cedur%x55%§ éhéf%@iyg returning
to the demgyﬁntmbseépstGESUBﬁ,lE7TanﬂuB§'-the planning is

' The step 36 for searchlng-the limited part

15  for changing comprises the follow1ng steps. _\4
' Step 57 searches for any allotted product
lots of the type pértinent-to change which are to be
changed in all the manufacturing processes from the
working memory 7. _ _ '
20 Step 58 searches for any allotted lot
which is influenced by the searched lot in the step
57 and is necessary to be changed from the working
memory 7. ) -
| The step 37 for deleting the limited part
25 for changing comprises the following steps.
' . Step 59 amends estimation values by :
calculating virtual load of facility, the rates of _ W/

facility operations, the lead times; the _
intermediary stock and the total stock of final
30 prodﬁcts*without the above-mentioned-daté to be
changed. ' .
Step 60 clears allocation of the searched
lot. _ . _
Step 61 clears reference values of the
35 searched lot. In other words the step 61 changes
the data of the line balance, the earliést-start
time of the operation, the calculated earliest



Stopped. In casé of the above-nentioned failure, FIG 10(b) shows a
procedure 11 f.or reconstruct.ing 10. t he know edge base 2 and proceedi ng
with{the planning. Necessary know edge-far-the procedure 11 is stored in
t he; knowl edge base 2b. Nanely, as to inconveni ence of production planning,
t he Npf ocedur e compketienchimeuoti thet pReraddictugdhemsalcubatedes 15

every lot to tleaféwqe@aréeemaesfaenel ethitdlor S tHY | e Fabi¥ai t. and
re-constructs the know ed ase in grder to grOV|de p! anni ng Wi t hout

i nconveni ence. 128ty gF51?E EHEﬁn°FntﬁFGP lomy and kR ses step
33,\34 and 35 maflama Stﬁﬂe3ﬁoseﬁécbﬁ&sftablaldhdd alarkpaghchvasch are

|nfluenc%g3 sé§¢ ?ggvgﬁ ﬁschange i n other words, the inference engine 6 in

the step Fot which is to be changed The step 33 of the
procedure 11 is the 25 Afterethe stepal6dye-thentflowdstepnBécted the

procedure 5 . S =Ja) e h [ h that the
I nference engi nrg %gés‘%I%?t séé V\k %LEVE Et% \ﬂ e?ggge 1?’)rgpl anni ng
know edge whi c3telxpt cétasstap ﬁi‘t’honeﬁormqm “esthés‘\:%@dvmfch is to

be changed. %%W@%&ﬁ&ﬂaﬁea Eh@aﬁ@%&éh@%&*é&lﬂv&{?e&hat the
I nference engine 6 reconstructs the ab OVﬁ éé;oned sel ctqg know edge in

accor dande- wi t¥e¥ RilofakirrLipstead, of. .oqg;ment one FIG 18
shows the flowId@réd obnehisalione, aaatuyﬁﬁhamiens wvalues 2&reAs shown in

{:Ihg fé|8| O\tlmhﬁgséﬁe%b%fcufatesarCjﬂ'he%e% emmto%%.ﬁ% tzfoq{ gga&%ng conpri ses
original plan is completed. -

In the above-mentloned step 4 via step 37!

15. and the steps 36 and 37 of the procedure 5 for
plannlng/changzng about.l;mlted part calculation,
the ébove-mentioned comparison, deletion, search and
so on are done efficiently and quickly, since the
working memory 7 retains result of origlnal planning

20 in the middle thereof.

FIG.21 shows the data (result of original :
planning in the middle thereof) which is retained in
the working memory 7. FIG.22 shows a more detailed
composition of information about the result of the

25 planning of production (the inference result 15') in

_ FIG.21. The result of the planning of production

\_ (17b) are data which are structured at every
operation in lots and which have information of
types of products, of standard time period, |
30 manufacturing process of time,;of facility and of
supplement as shown in FIG.22.

- FIG.2 and FIG. 10(b) show a block diagram
of an inference planning system which is a second
embodiment of the invention. Corresponding parts

35 and components to the first embodiment are shown by
the same numerals and marks, and the description
thereon made in the first embodiment similarly



Step 62 searches for any allotted product 5 | ots of the type pertinent
to change which are to be changed in all the nmanufacturing processes from
ﬁ wor ki ng menory 7. Step 63 searches for any allotted lot which is -
| uenced by the searched lot in the” é%ep 10 62 and is necessary to Qg)

Chf‘ﬂgﬁd([( r ovrah plpaywor biﬂfé@éﬁt:.efhs 7an<|§' Pﬁe&tﬁ?ea4otous1:i@ egsfdaﬂa fhangl It'lﬂ

met ho now e rises the oW e anal yzes the
state of the® an%@d.peﬁ? frqrh pé“fﬁ’tp?ﬂgﬁg gf’&r AR £0 t he
inconveniencmndmhexahdME{hen@dondOflbathehbodimemﬁ agilsiloged at er hﬂgn
t he appointe n ce.en e neasur es
(e.g., inves |g§tﬁ;§> {Ef]é‘a(r)arég}l; d#ﬂr%j)bf ggph L% g% E:‘&s'tq‘é; 561 or to the
del ayl ng | ot S@n@fatlie procedurmt4a, in caser a\ldr d’gtmmmng‘ dreerikthe engi ne 6

deci des whet jgkji '@cﬁ’?ﬁ@pffreﬁﬁl@eiﬁyfﬂﬂl{lgb Wiehl ﬁ}%&‘& %s provi des

results which satls e appointed time limts
. Step 65 sel eStOPREt hod (know edge) fromrules input into the know edge

base 2 for resolving the | e VOf | € CaBaPel-fiefiel aned ﬁ}_q_@b@m nted tine
Lt e ok B A W SedBe oo HAIRMRIARL(F N g,
it cprlesponﬁheomwledqe lbasevmahdlprboeedinQawguh Keheaddi ng t he
ehpalned copiathiha ' Afieriinry Jabylieg shhCrBR, bolledfd 0, L0t he
is stored in the knowledge base 2b. Namely, as to
Ainconvenience of production planning; the procedure
11 for reconstructing the knowledge base 2 searches W

15 every lot to be changed, searches any lot which is
influenced by it, and re-constructs the knowledge
base 2 in order to provide_plannianwithout
inconvenience.

The procedure 11 shown in FIG. 10(b)

20 comprises step 33, 34 and 35. The step 33 searches
for all limited parts which are influenced by the
data of change; in other words, the-inferenee'engine
6 in the step 33 searches any lot which is to be
changed. The step 33 of ﬁhe.proeedure-ll is the

25 same.asgthe_abovefmentioned'step-36'for the
procedure 5. In the step 34 selects the method for
changing, ench that the inference engine 6 selects
knowledge in the knowledge base 2 for planning
knowledge which expresses the method for changing

30 the lot which is to be changed. The step 35
produces the method for changing, such that the
inference engine 6 reconstructs the above-mentioned
selected knowledge in'aCcordanee with the.lot.which

: is to be changed. : '

35 FIG.18 shows the flow chart of the.above-
mentioned steps.



-'23-'F|G20(D) shows an exanple of the know edge in rule format stored in
t he kcgv_\,{ edge base 2. The know edge shown.in FIG 20(D) is for dividing a
| ong nuf act uring process which has 5 - 22indesirably | ong operation period

, imlhis case being noreadhamdw G& @rgernd hathanye &b hes gppufacturing

process in the sane |qt. The dividing is for the pjctjtg‘gose of  provi di ng good
line bal ance. SBRATRRINGedyd imitad RAXR IRF (AT RS RPBPLLSES the
reconstructing £be1bwingedgeggise shown in FIG 10(b). FIGS. 19(a) and 19(b)

show some graphi c exanpl es,,0f the result of_processes, -] he i nference
oot he 6 1o B S T s BERReS meansan daF ai, abLotEencbrplpetT o
al l otti ng Bach totsr ofe theectypeopertirentpriox ezhangel whichl arei tg be

FIG 10(a). In tky et eéfﬁép. . . |

al I ocati on one yégﬁéafnpg‘m ]'E'e [ r\gﬁnig%uﬁgég% gr%“'r{%gc%ggn?%sgr ggrg S

i nput into the Working memesy o for planning 25. One of two policies

are input into the plani ngy igyy s@iﬂ:}?& m,}x (fN1680eQVeRENt Of the
S % he

rate of facili tybgperat i gn,__Or (B)d( ortening of rogduction |ead tine.

That is, the ca¥BifR) iSs inflaienced by, ¥ otn| Fhe 8BBPati on 25

rate, whije thesgagfd( Bs neclgsiryctd bel citiged wbﬁime(&ernbh?i n a
product as earI% asﬁgo?{si ble). Case (A) in FIG 19(a) shows the allocation
of facility whi fnp eflds to operate the facility at full operation rate.
In this case of full rateThe stepadatfiamn sdleniing chamgifgcmathad process

No.2 is able to Lh it (38, N1t [Semade to start at
t he point ~68a. lfﬁéragﬁ'g? ’e)uﬁqﬁfﬂzﬂa]{sle% 1:or#é]gfnﬁ!olperat‘* gén)té ?I'Od 680 for '
anot her type of product i $teBsHdblanalyzes he stte roksthe kpt of(b) shows

thé\,al | ocg i on ghef g%g of fﬁirodd&._e'ncﬁdf}g éﬁ%,atﬁé,hetﬁgci lity fromthe
carliest inconvenience due to the delaying lot has the time
of completion later than the appointed time limit of
- production. The inference engine 6 measures (e.g.,
investigates) the margin time of another lot just
20 prior to the delaying lot and analyzes the data. 1In
other words the inference engine 6 decides whether
replacement of the delaying lot with another 1lot
provides results which sati'sfy both the appointed
time limits thereto.

25 Step 65 selects a method (knowledge) from
_ rules input into the knowledge base 2 for resolving--n
\ ' the inconvenience due to delay of the appointed time
limit. _ '
The step 35 for producing a method
30 (knowledge) for changing comprises the following
steps. '

Step 66 embodies the selected rule such
that it corresponds only to the lot which is to be
changed by adding the appointed condition for the

35 lot No. on the part of condition in the rule.

Step 67 adds the embodied rule to the

knowledge base 2 for planning. '



start tinme. Therefore the earliest conpletion tine -24- of the facility
I's achievable. In _such case the facility operation rate of the

nadyfacturing processes No. 2 or 3 wil¢3he low FIG 19(b) shows sone .
gr aphi c exanples of 5 result of the aforenentioned procedure 5 for '
pl anni ng/ changi ng aboutFiGIBﬁKDéd shaws. ant exampdeprathathe i on or expan5|éﬁj

of the T mt o pasdasll 3h g1bnElaRted ik ot et nsbigige 28, Namely.

the period of t g cess IS increased as a Fesult an
i ncrease of y ofngr knowdedge: phowd: inTHIS .20 (R)ychenfonf process\;ﬁa

changes the mmmsn§4at 2oh emahﬁ(i%&%uﬂﬁga@i'déﬁw&ﬁtiél? pagcess 73 to

process 73a, respectl y a_bl of an 15
i nf erence pléﬁﬁiﬁﬁ éiXW}RﬂFcﬁpF§a§ P&x d#ﬁgﬁﬁ‘ ¢#%®i nventi on.
Cor r espondi ng:emmegsmoné thanotedtce u.ont;ht fthasi anybaitnemt are shown by the

ambodi mont s TR RO ED5 08" frheRsi®3 ke Rine" I fegﬁﬁ??eé%ﬁfﬂ%!fh. d

enbodi nent f risn for thespuepbseumﬁhprawadamgfaqoﬂmilnelEaIaﬁpea procedure

10 for producg dRhawiea %olgh E?dagd 4t s of

(out put of) production ang or st te of aC| |t|es operation
such adlGsit ueeengsrusting, she S"*PF"& bagenishowmt cin FEGY, and stores
these data i m¢me) data base 1 as data for changlng t he producting plan.
The above-nenti oned datg Rrod ctiqgn %q |I|t|es collecied fromthe 30
machi ning centers 9 by fR&SprdaduPdhd SR FT2RRIPr oduct i on or

period for diesdmpbgsoper sheoresulitaai! prpceasgesstm eche nihferentéa@ base 1

engine 6 in FIG.l. This example is cohcerned with \)

15 the step 31 for allottzng each concrete operat;on in
the procedure 4 for planning in FIG. 10(a) - In this
example the knowledge "forward", which makes the
allocation one by one from-the,first'ménufacturing |
process in order, is input into the data of method

20 for planninq'zs. One of two policies are input into
the planing pollcy data 26, namely (A) 1mprovement
.of the rate of facility operation, or (B) shortenlng
of the production lead time. That.is, the case'(A)
is directed to a policy of high facility'operatioh

25 rate, while-the case_(B)'is directed to a short lead
time (to obtain a pfoduct as early as-posSible) _

Case (A) in FIG.19(a) shows the allocation o/

of facllity which intends to operate the fac111ty at
full operation rate.  In this case of full rate

30 operation,_though-the-monufacturing process No.2 is
able to start at the point 68, the allocation is
made to start at the point 68a. Therefore,
utilization of an operation period 680 for another
type of product is possible. The case. (B) in

35  FIG.19(b) shows the allocation*of_facility for
intending to operate the facility from the earliest
start time. Therefore the earliest completion time



in FIG 3. The concrete formof the data to be stored i s shown in FIGs.14
and 15. FI G 14 shows the 35 - data- |nd|c§2|ng the period for disabling
operation of each facility, and FI G 15 shoms the data indicating the result

of pheduction gfe fac:.%?%}rff% Lar Pfeproiﬂd h%hScfrahesﬂf?\e ori gi nal

plannlng/changlng out a onat cal
pl anni ng uti | i AaRiliey eperatien; nntg Gﬁt the mnautamrmgredl ate

modi fi cation ofprdedses mosusi—lgnw@mnbas g@pabl e on the spot of
prod{c‘%lon WlthOUt an operat or's_ i glata such as result of

production, and efficient Bﬁe?%fpbnsgPWFh§°¢809€??héﬁbQN?RH*S$eﬂ%st
product i o.pl amasxglt Sof ealhezsﬂor&ﬁentloned roceEhGeZlSSM a bl ock

di agram of an i ann A odi ment of the
i nventi on. r§¥§§ﬁ§ﬁ§%§ﬁﬁP?£n§nﬁ% ﬁPétF§ PFE !it ment are
shown by the s amopagat hon andenpahs;onaoﬂ the Mndtneﬁ ipartl Swhich her eon
made in the f|r _ r pPRLY nce ures of
this fourth em%|§{eﬁ%ﬁ%t%%ﬁg #X %bggl ﬁ%%‘& % ?‘@P%’V%’ %
interface 12 f &exi9od ef nthe precessr 2 faraabiot ia ﬁmcz]gaeaed rap i&®

descri bedgni t h Feherenss mci-éeszoof m%agﬁemnasrnaraawa th structured

data base | a hgs .data base I ndex 78 h 1 ndi cates rel ati on anong each

data. Ther ef or ¢Heedcth B anIpFIomeRt BERroRrEE-d2Rs Changes the | v
searched as i ngirdess b'y4t<be thénpeocesse7aat anaaenai;aéseam‘e coordi nation

Gata to the | ARdsA (P8, £8' g BEotRsk 728, ERsBRRAY I e "Tro R G 4,
the structured data base FEG{drshoéwsnanhglobkciiagram of an .
~ 15 inference planning system which is a thirad
embodiment of the invention. . Corresponding parts
and components to the first embodiment are shown by
the same numerals and marks, and the descr;ptlon
thereon made in the first embodiment similarly
20 apply. Differences and features of this third
enmbodiment from the first embodiment are as follows.
In FIG.3, a procedure 10 for producing
data due to change automatically collects results of
(output of) production and/or data for state of
25 facilities' operation such as situation as to a
trouble from all machines centers 9, and stores
U o these data in the data base 1 as data for changing
' the producting plan. The above-mentioned data of
production and facilities collected from the
30 machining centers 9 by the procedure 10, such as a
result of production or period for disabling
operation of facility, are stored in the data base 1
in FIG.3. The concrete form of the data to be
stored is shown in FIGs.14 and 15. FIG.14 shows the
35 data indicating the period for disabling operation
of each facility, and FIG.15 shows the data
indicating the result of production of each



structured data 23 to 27 is shown in nore detail. 30 The structure of
the structured data base |a is.input by the i nput device 3. FIG 23 shows
fIQM/of data and process in the |nterf§ﬁg 12 for utilizing the data base.,
The interface 12 conprises part 76 for I nt enance of 35 data and )
i ncl udes. bofacilddnur erhé piocedarat 8i fopgplanminygy qianelivge 76b for

sear chi g 1 ghaled 13y P LOLETL866nA21RTGy Yeldidie@de 17 o7

utilizing ades pToce ure readi hg data. The
data base i AHdgimnak akanningeutilizing thetﬁ§QM§ﬂnﬂnhxnheﬂua.base | a 2‘9

the format HReaeof ThTJEéféf‘eatiﬂe&ﬂﬂt&oﬁﬁiﬂhéﬂ%ﬁtdf’%&ﬁ ed data bas

are 5 i nput_ by the 1nput device 3, to 27 are first nodified
by t he® pr ocBERRMCHEPT Rlami 16 FAPARLIBaPR, thed SPA% Qfhich are related to

the rodi fi egrédutticn aaim@dttaﬁoupbrhherdat dripaRe o deata Sshvnt he
procedure 76b. _The eaﬂéhed g al so. arg %ﬁ éEfIEd b feed ack to the
procedure 78% &S iproduatian, ropng, 8hficieq tqgf%% t he basic
schedul e shthe ifadtidry Adue tddeﬂea&atbstppuddubtibnkpxaﬂhﬁn@nﬂsif ei t her
the time fo%égfgg ol the tinme for conpletion of the schedule is not 15

set in the trmeschedul e of daily period of facility operation in FIG 13 as
the ddfa 27 about tinmEIGhe shoesfacblogkaddagniam afjianonal schedul e of

daily facil Ilm%@éwh ges9gaghr Hﬁtl%ht Iig o igd data base la | n
proper coordination procédure 2 7a for rea I ng data.provides

necessary d&HQQQ%W?R;|?§eF§ﬂcén¥ﬁ§F58n6 ﬁ&ﬁﬂ%ﬁpq M RIkSe 77a is a
program whi ghddapesanes €6 the ghirset hlnbd,dd.&teh&)@ﬂe@h&m By ovi des

necessary dghd i dhdd ulfbELs” §ha' REtKE). bR ARG ANERN TS 0 the

15 thereon made in the first embodlment similarly
apply. leferences and features of this fpurth
embodiment from the first embodiment are as follows.
An interface 12 for utilizing a structured data base
ia for plenning is described with reference to the

20 accompanying figures. The structured data base 1la
has data base index 78 which indicates a relation
among each data. Therefore needed data which has
been omitted is automatically searched as indicated
by the planner. The interface 12 keeps coordination

- 25 with the structured data base la for planning and |

provides necessary data to the inference engine 6 on

each_situetzon of the planning. In FIG. 4, the o

structured data base la for planning which has
structured data 23 to 27 is shown in more detail.

30 ‘The:Strﬁcture of the structured-data base 1a is
input by the input device 3. ' |

FIG.23 shows flow of data and process in

the interface 12 for utilizing the data base. The
interface 12 comprises part 76 for maintenance of

35 data and includes both procedure 76a for maintaining
data and procedure 76b for-searéhingﬁrelated data.
The interface 12 also includes part 77 for utilizing

LY



25 ~engi ne 6. ' The data base index 78 retains the name of each file which
storgs the data 23 to 27, the name of the itemin each file, and the
quantity of bytes of each file as Iengt of file. FIG5 shows a bl ock

di agkam of an i.ﬁﬂqfa a]ggj: t h rrbodl ment of
t he inventi on. %orrespon I ng parts an éilé 2gém,?b§to N erﬁw% &“%nbodi ment
are shown by t R8essata, haseindex mrketaana the éf@sl@rfllyﬂﬂ ®F tttez eon made

in the first e&&e@dﬂﬁﬁedsldaﬂ@fﬁélsépﬂéyan§5the Polrmafe RS faz?{élres of
thisi{fifth enbodi,nent fro ;é] "B pent are:. asfollows
i nteMface 13 fEEHR J'Iqulaﬁ@ %‘f‘\‘%%t%f-eﬁ ﬁnﬁhFEH&é‘re darpa hase are s

'ges\tlzmrl 3ed5\t/)m t h imgfutr m}téa:ne) iﬂm%camagynng 'Irheuaatah Ele 0 ractared

now edge base edqge se index.84 I.C |cat s sijuations in
whi ch corres poﬁé‘l%r#}a %}?ocﬁ)gcfg‘gq?% ﬁggdpgocedgﬁam@Sgc 3ARDE . The
interface 13 rrdiamaa,i rend rdatsa rwitich eané rh&atedud:mlt(hé humﬂdﬁh:& base 2a
and provides n iﬁsﬂﬂ’! ﬂggf r I_n

situation of t%;a annl n e struc{aﬂ‘gedeé8 §F%§ %%%asgn% t’e‘?ggs& 10
necessary knomMﬁg@r@ﬁ 16bF| Fhe. seanched; d@t"&r @lsfo tane structured

know edggpohase nb@isiddiny fedbsck nest tﬂSbe'ScﬁduE-bG7%4: gas flow of data
and process in tr}é.r n,te[face 13 for utilizi ng the structured 15 know edge
14

base 2a. The ™# ng dakAy | SEQY p8¥AmBLE; o ANy e iGRF e Fhak ithe i on
i-ncl udi ng procedigic ShddulelaihoimyinpPret leaisoadded ashate 83 for

speci fcat i on SAGAIGH Mg A £ 855 e R erC bael b P Brant ow cdge
base i ndex retanu;he time for completion of the schedule is not
- 15 set in the time schedule of daily period of facility
operation in FIG.13 as the data 27 about.time, the
interface 12 adds the additional schedule of daily
facility operation and re-constructs the structured
data base 1a in proper coordination. The procedure
20 77a for reading data provides necessary data to the
inference engine 6. Namely, the procedure 77a is a
program which makes access to the structured data
base la and provideé necessary data in the format
retained in the data base index 78 to the inference
25 . engine 6. The data base index 78 retains the name
| of each file which stores the data 23 to 27, the _
W name of the item in each file, and the quantity of
' bytes of each file as length of file.
FI1G.5 shows a block diagram of an
30 - inference planning system which is fifth embodiment
of the invention. Corresponding parts and
components to the first embodiment are shown by the
same numerals and marks, and the description thereon
made in the first embodiment_similérly apply.
35 Differences and features of this fifth embodiment
from the first embodiment are as follows. An
1nterface 13 for utilizing a structured knowledge



situation and specification in data which each. know edge is to be
~uti.lized. The situation data i-ncludes classification of work, such as
de(groping manuf act uri ng processing im2fhe step 29 or 25 calculating ...
reference value in the step 30 and so on, and classification of productjop
such as | otbpeedge: ilen degsrdhest With petexencentoythem |n accordance With

t he know edgecbasant J NI & NEer888iL1PEa0) alac ow edge in
t he 30 strS tgrngaﬁﬁﬁéﬁgﬁﬁgﬁ%aséﬂga. Iﬁethe par?ég%éﬁg%'ggég%ing _
speci fi cat i 6f, ﬁeiﬁﬁgiﬁﬁﬁﬁé s rHdekr 34 ¥Bichednaicatesn institutes ﬁe/
sih tuati onhasdtuatim_fgjm aihi%h ’fd%ﬂﬁéﬂlabﬁ%gﬂgenﬁﬁwkaaweeg%efﬁaal r eg! ste
themto the_knpo .base index : R ar or | oading
know eé(;ge ggaf i gg&ﬁé: c?@ég%}eér%%% fo ?nf‘gFﬁrgFBﬁgg‘gpeci_f i cation '

i nt er pret s vaiatainsh&henstimuziare sef | thexstructured knaSledjecct s

orocedure STRDS) 2a e proyAUiel Hivdsdtly RnBulURLRo P ENe C%igine 6 in
every situalnSerance snging§ on gachcsituationepsntbe As matter of
course, in peasndNeLe Hd dtiuEREEE®SnoY18agE2bhEs: 2R Y know edge
I's rghﬁased Lron1the |nEFrence en I£E§6 apd gec?ssary now edge i s prQV|ded
cont itious| P2ERESRF YoknowdGdge R %pr@s 3¢-RAowi ¥BGe are shown in FIG
20. Know edgersicturd bf-itheGtrictured "Mbvledage baded2itl jis al ways
G 2o(E) | shERt B T inetls HRCE 98, cel'ecting lot, and 15
know edge shown in Fl EIZ3) shows "fbtmsofi datar anlnprobreds iin one of
met hod of "Eﬂériik%&%ace i3 fer'utilizing'the:structured .
15 - knowledge base 2a. . The interface 13 ¢6mprises part
82 for defining specification including procedure
82a for defining specification and a part 83 for
loading knowledge including both.proceddre 83a for
interpreting specification and procedure 83b for
20 - drawing knowledge. The knowledge base index retains
situation and specification in data which each |
knowledge is to be utilized. The situation data
includes classification of work, such as developing
manufacturing processing in the step 29 6:-
25 calculating reference value in the step 30 and so
- on, and classi:icatien'bf prcductien such as lot .
production system or line production system. In L
accordahCe with the knowledge base index 84 the
inference engine & can select knowledge in the
30 structured knowledge base 2a. In the part 82 for
defining specification, the procedure 82a for
defining specification institutes a situation and/or
speeification'fcr5utilizing.each knowledge and
registers-them_to the'anWIedge~baéeﬁindex.84. In
35 the part 83 for loading knowledge, at first,xthe
procedure 83a for interpreting specifiéation"-
interprets data in the knowledge base index 84 and



reésearch” as a mat hemat i cal et hod. The t wo knomﬁedge "Di spat chi ng
standard" and "Johnson al gorithni -are prgvided on situation of the step 31
20 A“for allotting each operation to facility. Know edge shown in

FIGRO(D) is agupnsads & &51&1(;&4%%? a2uhlEn e WP didiadil SRt 41 0V e

on situation of StrP 30 in and_10 for_cal cu atlng a Standard
val ue. 25 FReHL EirAkL %Fblo??edPE use 838 rdzawsice pl anning

syst em whi ch i Scrmws]ledé‘e emqumideé ifetontoe li@ifer@fdeewfhélgs parts
and onponents r# gégg) E% are shogﬁcF% E? sanme nuneral s and
‘marks+ and t he & escrl °“t%é oR* REEES & g@ﬁ embodi ment
S|n1Iarly5applmmﬂ3ﬁ€nnemces and features of this sixth enbodi nent fromthe
first enbodiment are as f I h t he
i nference engine 6 nakes annlﬁf So Qg‘]'l y. %r?%rt&hl s%%‘{%ﬁbodl ment ,
however , planmﬁh%;R?RQﬁQﬁﬂlQﬁl tmatﬁenunuanaqgssgny|kmqw##dgsdes t he
pl anning. An i 'ﬂéﬂédé&ﬁ'tfﬁﬂ tﬂie 1&9&&95&&' @%Ui‘hea'bd and 'ne7cci=;ssar¥3

a

interactively difies the pla rou ut./ di spl ay device

utilizing bot h%%&%dﬂﬁ 1 "i@? &ﬁﬁﬁg °§'|$3'Ypl°<¥ﬁ By Qneet SR data of
Chatnge Izaoa?d tdnnrychbr chﬁnfpéd Se argl ahowi0/igh¥Ig.20. ?bout the g' i Ited
par nput c ei e eV|c or npu i spl ay
devi ce 16a. Th?}}‘mﬁeﬁ‘f eﬁ%’ i BrFig &h 2#5 g & . ction of
t he i nference englxsa&1w§y5|preh$dedbtd hhahlmﬁhmmmmeefmm-the acconpanying‘

FIG 6. FIG 25 JIRR%Ald HGiiont CrASv1AR SVsH¥c Yo tBp Process

of the i nteII| gent
is a "Dispatching standard" for selecting lot, and

\—~ 15 knowledge shown in FIG.20(C) is a "Johnson
algorithm"™ which is one of method of "Operations
research“ as a mathematical method. The two
knowledge "Dispatching standard" and "Johnson

_ algorithm" are provided on situation of the step 31
20 for allotting each operation to facility. Knowledge
shown in FIG.20(D) is a standard for dividing a lot
in rule format which is provided on situation of
" step 30 in FIG. 10(a) and 10(b) for calculatlng a
standard value.
25 . _FIG.6 shows-a.block diagram of an
inference planning system which is a sixth
W embodiment of the invention. Corresponding parts
and components to the first embodiment are shown by
the same numerals and marks, and the description
30 thereon made in the first embodiment similarly
' apply. Differences and features of this sixth
embodiment from the first embodiment are as follows.
In the above?mentioned embodiments, the inference
engine 6 makes planning automatically. In this
35 embodiment, however, planner's interaction with the
inference engine 6 provides the planning. An
intelligent editor 15 automatically and |




I5. In step 85, result of the |latest production plan in the working nenory

7 is displayed on the 15 . input/display device 16a. |In step 14a, the
'pI'@nner i nput s t he change of the plan in the procedure 14 by the .
i nput / di spl ay device 16a. Some exanpl-e89of the display are shown in Fl 6

and 27. | n interactivelynnedifigst $he ddliary thxanghiam plan from Janua
20 20 (1/%ugmgg?y§{r,ggg§1&yg_ dt‘%?} j%rou £ espgamed AH No.1 to AE

No.1l.as to the oducts nane an arrow i ndi cated on
the display.P¥ ure §°ED9EGnSI4P&Jé’H‘% R)"cﬁrht‘I’ Rie$eEE YBch as a nouse.

In FIG 27, tdretalmrmaﬂ§e 28t aﬁaota,rg Igtdéédﬁﬁety #owt her production

I f d I h
Bt h&s o T EheEEnanEns, aBoRE ana il ed Fhnhn: nERLHENSAR about
t he I i m t ed Ypmrdoneéloy| gipherethee inparardewice 3 dr nthed part 30 whi ch

s infl uenceﬁoﬁy%&af?gfgﬂ Sgﬁg A % I fies it automatically. 1in the step 86,

a contradi ct’ f*as the order of process in the same
| ot is searched, and rﬂ‘bﬁriatyl&ﬁ-glem ieditordEwhighi tsdeci ded. The

cont r adi ct'c&bﬁ@&@&éaca 33 _funkhilor 6 X tidédPerile | Dhgihbss

rranuf act uri ng process s Tater e start fIne-o econ
manuf 3@ ur i ntp flesesibed| withsreference, o the aceampanyinddiction is

:‘M?ung SO ]ghe!rmro lrrmyz§><|rta.zs: tanqerm.mwﬁlumezsvosﬂgbgg l?emory [N o
i ch profesgjona result o ni-n ai e n_case
contradi cti ?% ?%%ﬁ o PEPF&S i%hﬁ)ﬁhﬁﬁi?#&#n xPeLtorg the
process retut%s tIntstept8p,8bestit dfoﬂzerel&testecbf¢duct$onepeat ed until
there becomgsfip PRM{nd OhofRIAY BlnoRyS7 A WPl frda bASEALS Of an

i nf er ence NS
J.nput/d_:.splay device 16a. In step l14a, the Planner

inputs the change of the plan in the procedure 14 by
the input/display device 16a. Some examples of the
display are shown in F1Gs 26 and 27. In FIG.26, a
planner inputs a daily production plan from January

20 20 (17/20) to January 26 (1/26) to the facilities
named AH No.l to AE No.l as to the type of products
named 530N through an arrow indicated on the
display. The arrow is moved through a pointing
device such as a mouse. In FIG.27, the planner

25 temporarily refers to another production planning as
to another type of product (on the same display).

In the step 5a. the flow.is connected to the W/

- procedure 5 for planning/changing about the limited
part. ‘Namely procedure § searches the limited part
- 30 which is influenced by the change and modifies it

autbmatically.' In the step 86, a contradiction due’
to changing such as the order of process in the same
lot is searched, and propriety of the intended
changé is decided. The contradiction can be such

35 that the start time of the first manufacturing
process is later than the start.timeé of the second
manufacturing process. In case: "Yes", no |

¥



pléhning system which is a seventh enbodi nent of the 10 I nventi on.
Corresponding parts .and conponents to thed iLrst enmbodi nent are shown by the
sane ‘nuneral s and marks, and the description thereon nade in the first

mb Di, t hi
croosLent <1 Lgh AR on Py Ll BEEEER VL EAN058 By B L
enbodi nent , thetherﬁtepoﬁ7outbetwoakumg(mﬂngﬁxl7r|whrohdance with -
f?quirenent of %PSfEﬁSEomaﬁﬂ i Beehfi g%?f@%%ﬁﬁ ?E‘é%ﬁﬁgﬁnﬂ '5 descri bed

wi t h reference he .acco n |n (c). A data
20 ‘“—base 17 o'f‘PﬁiﬂFE?enEE Fé§&| f' o'or eEAdICEEoR | dmnfernd 5psei fi cat i on

90 OI OUBFEI'[ ofgﬁataprapraauy BbeEthdfﬁWI@ihéi?Vlfﬁgtl:g 6@6&#“2;3:)' on 30
is stored in a data_bas specific n an
28(c), the data’® {ég’é‘ﬁf gPh%h%Steg %éc. fﬁ‘t&ﬁﬂRPY% ‘&%‘B‘F%%é‘?eﬁlo‘n ¥FI G 7,
the interface 2tepeapedsuantidr thétef becores inefpaint afoxcEhathdging( ocedure
18a for output of data in t gb r t put I nf erence
result data in the data bggg gf gﬁ%?ér Qg’e‘ﬁf ‘i’uﬁt;@% ‘&l#) itbéﬁ' enee

i ncl.udi ng both plenaaogesysaemowhgcapms:anaqxgnth émbed iment re€utheand
procedur e g.9b f phyahE¥bAl ! ”&oﬁ?eﬁ%&:?ﬂ?ifgq 5‘@}& entCegr ocedur e

18a for output of data, roce I nference

result, and theth® flrﬁFoGEHBﬁémE%'- Rge éim&?ﬁgt%tme drumeralsnce
result are ShOV\ﬂnﬁ“mEfEsZBéxﬁh tﬁb%%&c@zﬂ%flﬁéﬁé@d RESPELh i ¥gbY -

output of dat n. EHEEE enBeadpent| 2130 B0 Finlys o Siffgierces avd
conprlses a profedhure&Saffhhzéekumem;uI&mbodiment from the first
15. embodiment are as follows. In this embodiment, the
format of output can be changed in accordance with
‘requirement of the user. An interface 21 for'output
of data is described with reference to the -
accompahying FIG.7, 28(a), 28(b) and 28(c). A data
20 base 17 of inference result stores result of
planning. Specification 90 of output of data is
input by the input deviqe 3. The specification 90
is stored in a data base of the specification. In
FIGs. 28(a), 28(b) and 28(c), the data base of the
25 specification is abbreviated. In FIG.7, the
interface-Zl.compriseS part 18 for output'of data
Kw/ including procedure 18a for output of data in
' database 1 and part 19 for outpﬁt of inference
result data in the data base of inference result,
30 the part 19 :including both procedure 19a for graphic
output of inference result and procedure 19b for
Simulating an ocutput of inference result. The
procedure 18a for output of data, the procedure 19a
fcr'graphic_output of inference result, and the
35 procedure 19b for simulating output of infe:ence
result are shown in FIG.28(a), FIG.28(b) and
FIG.28(c) respectively.




5- specification of output of data, a procedure 89a for interpreting the
speci fication of output of data and a procedure 89'a for output (a)

(descri bed bel ow) .| Specification 90 of 1output whi ch includes formats of ..
output such as specification 90a of ou*put of 10 data, specification,9gb

of graphic out put of I nfgqr rmg)esgﬁdw@ngilwe@ffageal Qﬂdgg tobbgsgl Mul ati ng
output, is in B & étthe put devi c re 88a For defining the
f

c
speci fication ﬁ?q”}§§Mf§imRH$?%%I?g gggﬁ of IBut put of 15
data. The prEIGdGB«aﬁQaﬂhH prﬁcedurﬁ|1qptfmrsputpﬁtcof|aataf out put of

dat a mterpre&g bp.grs%%tecd fﬂrcoa%éé{{)ré)%gf Eiginga{dﬁnghe procedure a

(1) constructs a ron1t e |n erprete eci fication 90a,
(2) sel eBts nspesifircattion QﬁﬂQﬁﬁpQ#nQﬁedﬂhﬁa @aproceduse 89mbifiwes t he

necessary dat g %fgg fafU ngde( u S as
out put data (aYWFﬁg at Qﬁ%.ﬁﬁ%ﬁﬂ} ﬁﬁﬁﬁioﬁooﬁaoﬁtgué g é%ﬁ?é% 2 or the
di splay 16. FRCGPFE QQﬂnﬁ?z?f#QiNQ#ﬁ??to(ahalﬁeﬁﬁﬁlbsd 3o¥dess in the

procedure 18bg é&i@&%ﬂtfmﬂlﬁ@%f Butphe) emﬂcnesﬁéludebnf&—ﬁa%&( b), the
procedure 18b |H(:é&ﬂ ut_of |j ference pri ses a procedure
Pﬁg P%?

88b for defin i TRETT tﬁ%ﬁﬂﬁ% ?pﬂ% BFgéﬁFePgnce result, a
procedulre 89bdata, sSpmcifiicutuion igoptde graphiccettpatobggr aphi ¢ out put of

roceduro 8o PEetd, MAREX dnd erpctf1Shtith pO% 0B 8ippiat py 1. . 00
result sets uputp@tmmaﬁfmnnnt<ﬁwskhs ﬂm@t3®EViCQr6€edmhe 89b interprets
tgg speci fi Ca%:&:%&e%@ﬁ:'e g 50 ﬁ«? @neeéﬁeémaaelaﬂ' b@W g steps:
-32- (1) constructs a fornat out puj n}
output sets up the speczflcat on 90a of output of _ W/
15 data. The procedure 8%a for interpreting the

specification of output'of'data'interprets the

spec;ficatzon 90a of output of data. The procedure

89'a (1) constructs a format of output from the

'interpreted spec1f1catlon 90a, (2) selects necessary
20 data'from the data base 1, (3) comblnes the _

necessary data with the constructed format of output

and (4) outputs as output data (a) the data combined

with the format to the printer 22 or the display 16.

_ FIG.28(b) shows a flow chart of data and

25 process in the procedure ;857for-graphic.output of

inference result. In FIG;28(b)}-the'procedure 18b )

for-graphicooutput of’inferencerresult comprises a s

procedure 88b for defining the specification of

graphic'outputfof.inference result; a procedure 89b
30 for interpreting the specification'of'graphic.output

of inference result and a procedure'BS'b for output

(b) (described below). The procedure 88b for

defining the specification of graphic output of

inference result sets up the specification 90b. The
35 procedure 89b interprets the specification 90b. The

procedure 89'b performs the following steps:




intefpreted specffication 90b; (2) selects necessary data fromthe data
base 7 of inferenceresult; "(3) tonbines the necessary data with the
constfucted 5 format of output; and (47 %ﬁrputs the data conbined with

the f\Qrmat- to t or_t d 1 ho fl ow chart
of data and progg‘g éoﬁ‘ﬁ%@%ﬁ%émiépéﬁg?ug?ﬂgl %?’ﬁ(g%'ﬁz o\tljvtsput \cl)vf _r
i-nf erence resul intierprieted(specitication pekpd(2e sekocbspnesessary
procedure 88c fap ttieffzwg; ..%%@%éééahoaf%féwﬁe&' Bashithl(3 gn of

i nfetence result, Jprocedu Interpretin e speci |cat|
si nul™afing out pwmﬁln%&%d?q%%%ﬁﬂmt with ctheccopstrugtedut put (c).
Thf 15 t tl[] Oce%rﬂxaaﬁfbﬁfﬁ ! ;th%:‘g fwapug; eﬂeggzihecam@?dre 89c
interpre e s eg$b 3{ QP C. roce ructs a
format of out pu i 9¥H§§rﬁ?n Baffoffo %g edts
necessary data fromthe den'mkwec)l?sm&wsnfhouncharﬁOof ‘datauland (3)
conti s Lhe nesaaalae 3l ik ke pAOSiS4ckal bRRhrSboothVL: 20d (4)
16. The specifi@NﬁpﬂtShf(ﬂninnqnﬂerﬁasumﬁa 2tn FIGhe8fc)hshest abl i shed
| ayout of 4lhette S

yo! %'o brod ure :;w; é:(ﬁihsﬁg%ss%% 3@0&8&1@:’.‘3 bew 265 geram!

obt ai ned by the roce raphi c out put of

an inference redie SHaQLiratinR ?ﬁpﬁ%ﬂﬁ&??gﬂgpPﬂﬁpéﬁ 95I3“§erFH°eGantt

chart" .30 forﬁﬁult Fl Jﬁébééuuﬁecbé@ Pobr' fhtepprébing theoperation of
the facility RTNo.

tDJ wmthe|MeHmmam/
stock on producﬁﬂfQﬁ |?#t§1 1%1&9 ??g%%% gE *BLERERCEmI e of the
i nference resul&edulﬁlanﬂcnﬂptbcéduﬁé 89 'thfoproutgute (&9h, @hecri bed in -

JF{JF;“Z fqi ST ALl il J06L OG0 £l EPediFIBaREBAISLLA" Fhe® M nute
procedure 89c interpret the specification 90c. The .
procedure 89'c: (1) constructs a format of output
from the interpreted specification 90c;- (2) selects
necessary data from the data base 17 of inference.

20 result; (3) combines the necessary data with the
constructed format of output; and (4) outputs the
data combined with the format to the printer 22 or
the dlsplay 16. '

The specification 90 of output has data
25 about the.establlshed-layout.of letters, lines, and
| so on. FIGs.29 to 31 show some examples obtained by
- ' the procedure 19a, as described in FIG 7, for '
graphic output of an inference result. FIG.29 shows
a production plan on July 3, in "Gantt chart"

30 format. FIG.30 shows data of rate of facility
operation of the facility RTNo.l1 from July 1, to
July 8. FIG.31 shows the intermediary stock on
'prcduding'of the facility RT No.1. FIG.32 shows an
example of the inference result which is output by

35 the procedure 19b, described in FIG. 7, for
simulating output thereof, which shows production at
68 minute July 4, in an animation form. On these



- 33- displays, layout of letters and lines or the layout of facility such
as the facility AH No.1 in FIG.32 can be changed by inputting the
coresponding part of the specificatigs 90. 5° FIG 8(a) shows. a «
basi ¢ bl ock di aE%@am of an inference planning system which is an eighth_,

enbodi nent GLSHAYSw IRYSRE eF Lethsrsi Apdodines Rr dpokayeetto t he

first enbOdIdEMaﬁhb}hOWcHYashth&aﬁcﬂ!mam mumﬁ%xcﬁnﬂzt he
description 10 ereon. enbodi ment _simlarly apply.

D1 {1 er nces STl B i 0898 (BY iEButERPE BB, GORERSERSHAG PITT ot
enbodi nent afe tiwe fespécigicdbioni goth enbodi ment includes all features W

t he abg@ve-nentioned e nning -
system%of the present npfng g?f%ﬁs shléﬁgl udesgg!tcyF:’eylﬁit t#ae#ﬁlgtog di ment of

the present ¥ nes . planning| systen yhichs is aresightthe than one
machi ne. Nurgisda ShPNg Siﬁvaﬁe 8fur ech W Egﬂ. due to
change. 20 Nun%%ﬁe 68 eisil6 nat es i g strug?ur ata base tor planning.

Nuneral 12 Mg?&ﬂ%n?hﬁslﬁt’eﬂ‘&cg FSF gmpediment are shewn ey data base
la for pl anriny . s&ﬁm&eﬁmseanenahexst,hanat the ddsbripwiggloe base for

pl anni ral 13 d sign ke inte ce 2 |I|Z|ng t he

struc red %ﬁ 9 Lﬁﬁu#& # P&gﬁmﬁfﬂﬁ?ﬁ%rence engi ne.
Nuneral 15 c@]gnat eBifﬁerencesI apdnfeatures. ofurthis eiglesh gnates the .

wor ki ng e I d g f result.
ooy, 5 qanbod HERE e1dn ERGORLEE WiBRoMIRAAE Olad KELFRE. (0501 L
Nurer al 16a desi gnat esThheeﬁ-qbtlh eobpdimentplinzcludemrall 21 designates the
interface f%a@&nz;w Of €Ré bblua%aht&oﬁ@a' ehbcFiddife PV (central o

proceSS| ng un| 2 or_con g
am 1y the nferen e planning system of the present

embodiment includes at least the first embodiment of
the present invention. Numeral 9 designates at
least more than one machine. Numeral 10 designates
a procedure for producing data due to change. '
20  Numeral 1la designates the structured data base for
planning. Numeral 12 designates the interface for
utilizing the structured data base la for planning.
Numeral 2a designetes the structured knowledge base
for planning. Numeral 13 designates the interface
25 for utilizing the structured knowledge base 2a.
| Numeral 6 designates the inference engine. Numeral :
15 designates.the.intelligent editor. Numeral 7 U
designates the working memory. Numeral 17 '
designates the data base of inference result.
30 Numeral 3 designates an input device. Numeral 22
| designates the printer. Numeral 16a designates the
input device display. Numeral 21 designates the
interface for output of data. Numeral 8 designates
‘the CPU (central processing unit) for controlling
- 35 the above-mentioned the subsystem compr151ng\the
procedure 10 for producing data due to change,. the
structured data base 1a for structured planning, the



35 ~ the above-nentioned t he - subsystem conpri sing the procedure 10 for
produci ng data due to change;- the.structurgd data base la for structured
pt anrfi ng, the -34- interface 12 for utilizing the structured data base

la, whe structured know edge base 2a for_planning, the interface 13 for
utilizing the s%Pg&F&%&f %%)Vf%dbt 'Jsﬁlﬁ‘g,gfﬁesgﬁ?ﬁtgﬁeg Pndage the 5
|nte{1|g?ﬂt gdlﬂendﬁgetﬂtrunnumedyanmique haagdaaafbtsplhﬁqﬁh%,nfe;gnced
result, e inp { he - [oJT) i spl ay an
t he {gkerface'2%hfo?ﬁgﬁﬁﬁicééféﬁg%flq#éﬁ%ﬁ%%?i%%% %%gﬁ§¥h%%§§stenlshown in
10 G 8(a) pkrrylesiaedase |2ay rthe uknfererce engimpe 65t thet ured data

base |a ang the jgeqatiyeift v e oes bagke XdofRing! ﬂéﬂb?ﬁ g € gpnstruct ed
by data which are |n%g§tw'the i nput_devi ce 3._Sone of .the data for the

structured dat aGB%8 base,ld Qf texence result, thgcinputjdevice 9. (2)
The pl anni ng i s3guthi@ipraititer e theubhpubedéevicacaispaayi 1€ &nghi ch

utilizes the stguctur ta e.la through the jnterface 12, the
structured knomﬁgaggﬁ%§§¥aﬁf:ﬁﬁkﬁﬁﬁl?$ ?ﬁt%*féitals and t he working
menory 7, 20 si mul t anedhsd \inference rplanningt systemnshbwnhdnst ruct ur ed
know edge, hase S asi t he ,pkapri.ng which
are trans Qrredgﬁaé%ﬁe%ﬁi@ﬁré@%ﬁ%ﬁ?{éé@igg‘& 17‘9’3f %e

i nf erence resul f§ractunesd daka esla andcthepstruyetureddkoowdede® or

printed by the paisal a Fort HIRHI A el @'t €oAFEPuSEA0byOHRRY! Blictiat 8. (4)
Concer ni ng chan%es i,n the , any nodification bg a user i s done

I"an
interactively t Fﬁudﬁﬂqﬁegiiﬁﬁﬁul % fevicesp. Some of therdaty ;) shows
a_QLsck di agramtefr hdedw@tiruictured data base la are collected by the

i5 machining center 9. (2) The pianning is
automatically made though the inference engine 8
which utilizes the structured data base 1a through
the interface 12, the structured knowledge base 2a
through the interface 13 and the working memory 7,
20  simultanecusly perfofming reconstruction of the
structured knowledge base 2 as occasion demands.
(3) The results of the planning which are _
transferred from the working memory 7 to the data
base 17 of the inference results are displayed on
25 the input device display 16 or printed by the .
- printer 22 through the interface 21 for output of -
K,/ data.. (4) cOncerhing'changes in the plan, any
mbdi:iqation by a user is done interactively through
. intelligent editor 15. ' :
30 ' FIG.8(b) shows a block diagram of hardware
- realizing the basic block diagram shown in FIG.8(a).
As a matter of course, the other embodiments use a
-similar'block.diagram~of_hardware. In FIG.8(b),
numeral 8a designates read only memory (ROM) which
35 retains the subsystem 10, the interface 12, the
interface 13, the inference engine 8, the
intelligent editor 15, and the interface 21.




realigzing the

tHb subsyst em
8, the intelli

desi gnat es random access nenory which is used.-as the working nmenory 7.
Nurrer al 8c designat.es an external menory which stores the structured data
base | a, the structured knomdedge base 2a, specification of output an

data base 17 (for inference result). Numeral 8d designates a comunic

I nput deV|ce/d|spIay 16 is conbined together in FIG 8(b). The present
i nvention is described through enbodi nents whi ch enabl e i nmedi ate and

basi ¢ bl ock diagram shown in FIG 8(a). As a matter of course,
the other enbodinments use a simlar block diagramof hardware. In :
FI G 8(b), numeral '8a designates read only menory (ROM which 35 retainrs
10, the interface 12, the gﬂenface 13, the inference engjne

gent editor 15, and the Trterface 21. - 35 Nuneral 8b

<

amon -

I nterface for communication with the machi.ne 9. The input device 3 and the

accurate nodification on a daily basis of a plan due to changing'of t he
production plan. For gkanc§ when even_skill ed pl anner using

convent i onal d@@?ﬁEaﬁaﬁ
many faciliti aisedeassehe aorkiig

7 § fmiﬁ&alyOGSdeélghaduet S,

§ Rt Qﬁwﬁ?ﬁﬁ HGHHFXCVB?PHglﬁhereln

it

k h ke th h bl
ol | owup unf orba ceRESRmad. Sesry it s{oF 4 EaR Serbbrhten BAER oniy o
basecdayo tMestrqﬂiaxrédarkm‘pledmrbasbraayer modi f i cati ons

%% E%Sg een |Iﬁgﬁl££h %sc\r%% gbg,kcl ten?gdirgglnit;ed

t hat nodi fi catinferange result). Numeral 8d designates a

few hours are
due to change
of the inventi

communication interface for communication with the

machine 9. The input device 3 and the input

device/display 16 is combined. together in FIG.8(Db).
The present in#éhtion is descfibed.through

embodiments which enable immediate

and accurate modiflcatlon.on a daily basls of a plan
due to changxng ‘of the productionmplan, For
instance,.when even skilled planne: using a

_ convengiohal device-makes.a.produCtion planning of

manufacturing wherein many facilities are used for
making_many-different.types of pxoducts, it takes
more than a week to make the plan. Furthermore, it
is impossible to follow. up unforeseen changes of the
plan. In the present invention, only a few hours

are needed to make a plan for a planner.' Moreover,

modificatipnssdue to change of plan can be made in a
moment. - | |

While specific embodiments of the
invention have been illustrated and described
herein, it ie.realized.that_madifications and
changes will occur to those skilled in the art.
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¢hanges will occur to those skilled in the art. -36 - CLAIM 1.

Manuf acturing - apparatus- for the »production of products conprising
machines for carrying out manufacturing operations for the products and an
ianL%nce pl anni ng system for controlling the planning of the manufacturing
operations, said systemconprising: a data base for storing planning data
and changi ng data; a know edge base for storing procedures in rule type
format which are to be used either in pI%@nlng or changing a plan; an input
device for inputting said planning.and changing data into said data base
and M-gr inputting said procedures int ocgaigisknowl edge base; a central
processi ng unit having inference nmeans—for devel oping a production plan in
accordance with said procedures and data from said data base, said

i nference nmeans corrmarﬁjfgg;urmbanﬁppwamanforf OEhd3| piadudtiofiai ¢f pbﬂﬂ!&étd on
plan in accordance.w th %ann ng a?l'@e ﬁaal d groced [ es,; ns for
changi ng sai d COMPaisng 5'?? F"!fﬁ 9f cATRINGPHE. MAnPFRCIUFIAG ApgFRkioNS fﬂit ®nd .
sa:c d proceguremodumd aad var klfelgpnﬁerplar_)mhg)Byéteﬁpwadummliibnipthﬁglmg@l_61"5 of

i nference duri ai ' at least a display or
a printer for tggtngﬁ'{t?%d%s“g @gr o;%e‘ﬂ%gg%%hg?’.’%ﬁg‘%%n fromsaid central
processing unit. 2. adatabhase Msmrmg planrincideta ansdoehanging datag| aim 1,
wherein said infer S a%holRE E&etﬁﬁgt&ﬁ}gﬁﬂo&e&rew&lﬁlef%e%ﬁ%&@%ﬂ@.

whether said results of inference store n said menory can
function as s& % tPPeysed phenimplapningAr changingfepleps ned | evel  of

i nconveni ence; and @R3APuY @évné@@@m&gmmg Iasndsmﬁiuh?@ﬁum:agnhg&xawheﬁa sai d
estimating maas tﬁ%t ! r;at esdtfor inpu in sax urggecﬁ:res mtgrsg now ecp%tbafsgp(:t 'on
wi thout said i At IRra heas ane putting p
a central processing unit having inference means for developing a
production plan in accordance with said procedures and data from said -
data base, said inference means compéi'sing: , _
planning means for planning said prbduction plan in
accordance with said planning data and said procedures;
means for changing said production plan in accordance with
said changing data and said procedures; and
a working memory f_oi' temporarily storing results of
inference during said planning or said changing; and
_ at least a display or a printer for outputting said developed
production plan from said central processing unit.

— ) 2. - Manufacturmg apparatus accordmg to claim 1, ~wherein said
inference. means further comprises: _

~ means for estlmatmg whether said results of inference stored in
said working memory can function as said production plan without a

predetermined level of inconvenience; and _
means for reconstructing said knowledge base when said
estimating means estimates that said results of inference cannot functzon

 without said i mconvemence.

_\'x .
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3.

st ate data,

pkoduction facilities;

Manuf acturing apparatus according to claim 1, further
Lonprising: .neans,for .collecting production results data and facilities
said facilities state data representing operations of exist.i ng

and means for formatting and storing said produdti,

results data and said facilities state data into said data base, said

changi ng neans being arranged to change said production plan in accordance
with said stored production results anglfacilities state data. 4.°

Manuf act uri ng appar atus accordi, ng to cfaim1,

neans for

for reconstfucti ng sal

further conprising int e'rfac

usi |21 oS0 2 B35Ree 8% deRURLI 268 THERS COMPRISING: o

S I’UC

structured demarisiige nai ntaining a rel ati on between said planning data

stored in said daa@aﬁésfsr UiteBLAG IO ARl AU adbY S theiilL Y| o and

means for prOV|d|n

i nf erence

i nterface neans co
i nput devi ce int o™AN

ata 1n suit romsa

ase to said

famlwuﬁmeu aty mmeattms apertipnag of o existing 1,
further conpfd@,bﬁgnlfaémﬁe@;@ndmans for utilizing said know edge base, said

means for .constructi dat a |n utted by said
mé &m&@gtﬂ‘?eﬁf’ﬁ“? & %"g‘?‘?"bﬂ TRsut FﬁEﬂMSé‘ng base

f or pl anni ngaidafadilities state data into saidrdathrasey ea&UChHank\goweeﬁmaei‘ngom sai d
know edge b
si tuation.

conpri si ng: peaductinn epsultpeand tatilities statpdatd.ng neans for changi ng
production plan in.response to said changing data input by sai d i nput

devi ce;

and

Akt 1 Hhafe T §

- 38 - neans for searching and nodify

said r esul t @ - Manufacturing apparatus accorgmg to claim I, fuxgther comprising

interface means for utilizing saxd data base, sald interface means
comprising: ,

means for reconstruc_ting said ‘data base as a structured data
base, said structured déta base tnaintaining a relation between said
planmng data stored in said data base and planning data input by said

input devnce, and

means for providing data in suitable form from said data base to
said inference means. '

5. ‘Manufacturing apperatus according to claim 'l, further comprising

interface means for utilizing said knowledge base, said interface means.

comprising:

~means for constructing data mputted by. said input devnce into
said knowledge base to form a structured knowledge base for planning;
and . '

means for providing knowledge from said knowledge base to said -

inference means in accordance with a planning situation.

6. Manufacturing: apparatus according to claim 1, further
comprising: _

~an intelligent editor comprising_ means for changing said
production plan in response to said changing data input by said input
device;and - '

* c L " S *
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alimted part of
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of i,nference, said linted part being affected by said inputted changing
data. 7. Manuf acturi hg apparatus according to claim 1, further
conpfising: an inference result -data base for storing said results of

i nf eL?nce fromsaid working nenory; and an interface conprising: nmeans for
outputting data from said data base in accordance with data input from said
i nput device, neans for providing a graphic output of said results of

i nference data fromsaid inference resukB3gdata base, said graphic out put

bei ng provided in accordance with said data input fromsaid input device,
and \seans for simul anheary fori sarcting tandohodiffimgen tienitiad paftr ohsaidirdsuled er ence
result data bage;.l 0 A i | f 1 g | t devi ce.
5o Nanaf adhony ergnaep sl ikl el Methd B AkbH) ol Pellet iligind,
reference to FMajares 1 to. 32 of the acconpanying draw ngs.

7. Manufacturing apparatus according to claim 1, further
comprising:
an inference result data base for storing said results af inference
from said working memory; and
an interface comprising:
means for outputting data from said data base in accordance
with data input from said input device,
means for providing a graphic output of said results of
inference data from said inference result data base, said graphic
~output being provided in accordance with said data input from
said input device, and '
means for simulating' said results of inference data from
said inference result data base in accordance with said data input
from said input device.

8. Manufacturing apparatus substantially as herein described with
reference to Figures 1 to 32 of the accompanying drawings.
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