FIG. 1

| Receive a data schema of input data including reference information for ji’"sm
production execution is received from a client executing a production plan i

|
|
|
|
|
L - -

\

: Generate software model and logic set based on the data }vSZU
schema received from the client !

L _ _ _ _ - —_

A
o . . —530
Receive input data from the client according to the data schema
o _ _ A - - i
540

Perform a test on the software model and logic set

L —_ —_ - —_ —_ - R

Y

Based on the received input data, provide the software model and logic |50
set, or providing production plan data generated by performing the
software model and logic set
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FIG. 7

Generate or provide a software model and logic set including backward
planning logic hased on the data schema of the client

—522

'

Receive input data from the client according to the data schema

——530

'

Provide the generated production plan information by performing the
software model and logic set including the backward planning logic
based on the received input data

——5%
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FIG. 8
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FIG. 10

5110

Initialize an event queue

l 5120

Select an event from the
event queue

5150

Select the next event in the
event queue

t

No

>l 5130

Execute the selected event and
update the global clock

Produce a production plan
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FIG. 13

Generate or provide a software model and logic set including forward |52
planning logic based on the data schema of the client

Y

o . . ——530
Receive input data from the client according to the data schema

\

Provide production plan information generated by performing a software 557
model and logic set including forward planning logic based on received
input data
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FIG. 14
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FIG. 15

310

Determine the subject of
the input decision making
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5330 5360
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of decision making features feature of the decision making
l S340 l 5365
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sum of the candidates with the highest priority
l 5350 l‘ S310
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select a final candidate from value having the corresponding
the plurality of candidates priority for the candidates

5385
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FIG. 18

52

Generate or Provide a software model and logic set including
forward planning logic including distribution decision making or
dummy operation processing based on the data schema of the client

Y 530

Receive input data from the client
according to the data schema

\i N

Provide production plan information generated by
performing a software model and logic set including forward
planning logic based on received input data
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FIG. 21

SAN
Determine the production domain-specific engine for
the client manufacturing production system
Y SA12
Generate a software model for the client
manufacturing production system
\i 5413
Generate persistent configuration information for
input data and output data
Y S414
Determine the input data loading operation and data structure

l 5415

Generate pegging logic and simulation logic

\i S416

Obtain a software model file and a logic file
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FIG. 22

SN

Generate or provide a software model and logic set including
at least one of pegging logic and simulation logic for the
client manufacturing production system based on at least
one of a data schema and a library engine set of the client
manufacturing production system

\i S422

Receive input data from the client according to the data schema

\i 5423

Based on the received input data, provide the generated
production plan data by executing the software model and
logic set
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FIG. 23
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510

FIG. 25
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FIG. 26

Upload software model and logic set

—— 5500

'

Generate at least one operational task based on
the uploaded software model and logic set

—— 5500

'

Set the execution cycle and inter-task dependencies
for at least one generated operational task

— 5510

'

Perform operational tasks according to the set
execution cycle and inter-task dependencies

—— 5515

'

Upload the output of the performed
operational work to the client database

—— 5520
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FIG. 27

Edit model setting value corresponding to
at least one operational task

—— 5525

'

Set the execution cycle of at least one
operational task and inter-task dependencies

—— 5530

'

Perform operational tasks according to the set
execution cycle and inter-task dependencies

—— 5539

'

Receive a software model and logic set generated
based on at least one of a data schema and a library
engine set of a client manufacturing production system

—— 5540
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FIG. 28

Receive a software model and logic set generated
based on at least one of a data schema and a library
engine set of a client manufacturing production system

—— 5550

'

Generate at least one operational task based on
the uploaded software model and logic set

—— 5560

'

Based on at least one generated operational task,
perform the software model and logic set hased on
input data to provide production planning information

—— 5570
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FIG. 29
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FIG. 35

So11

Obtain a software model and logic set for the client manufacturing production system

\i 5612

Based on the software model and logic set, generate production plan related data
including at least one of model information, experimental plan information, and
experimental result information

Y 5613

Provide data related to production planning
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FIG. 39
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|:: 3 Days ' RunTime (72
60 Days ConvertFromTimeSpanToDouble
(Model_1.End_Time -
: Model_1.StartTime)
Proc Time -
™ Tae [P
|:: Table 1
Table 2
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FIG. 44

ExperimentHub 1 —~790
I

Y

KPI Experimental design

Y

Experimental execution

Experimental
design file

Performance indicator

Factor/factor value
function information file

information file

ExperimentHub 2~ 79

Experimental
execution result file

+ — +

Factor KPI' Experimental design'

Y
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FIG. 46

Generate experimental hub file

— S720

Y

Register at least one model type factor and
at least one logic type factor in the experimental file

— 5730

Y

Register data type factor, factor value,
and key performance indicator in the experimental hub file

—— S740

Set result refinement logic for
each scenario or experiment

— 5745

Design experiment based on factor and key performance
indicator information registered in the experimental hub file

—— S750

Y

Perform the designed experiment

— S760

46/165



FIG. 47

Receive at least one software model and at least one model
logic generated based on at least one of a data schema and
a library engine set of a client manufacturing production system

—— S770

Y

Generate an experiment including at least one
software model and at least one model logic

— S780

Y

Based on the input data, provide a production plan data
by performing the generated experiment

—— S790
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FIG. 48

lterative
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. 4

v 160 v 180
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Initialization function
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Update function
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Next scenario
combination

generation function
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FIG. 49

5805
Set iteration step logic, factor,
and initial parameter
¥ S810
Perform iteration step logic

YES

Termination condition

Y 5835

Generate a scenario file of the next iteration step
based on the result of the iteration step logic

Experiment is terminated

\ 5825

Perform all scenarios
within the next iteration step

\i 5830

Calculate/record/send the key
performance indicator value
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FIG. 50

5850

Receive at least one software model and at least
one model logic generated based on at least one of
a data schema and a library engine set of
a client manufacturing production system

\i 5860

Generate an experiment hub file that designs an experiment
including at least one software model and at least one
model logic, wherein the experiment comprises iteration step
including iteration step logic and at least one scenario file

\i S870

Based on input data, perform an iterative experiment
logic and an experiment including the iterative experiment
logic to provide at least one production plan data
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FIG. 53

5910

Upload the generated experimental hub file

Y 5920

Generate an experimental hub operational task

Y 5930

Set execution period and inter-task
dependency of the generated operational task

i 5940

Perform operational task according to
the set execution period and dependency

Y 5950

Upload the result obtained through
operational work to the database
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FIG. 54

5960

Receive at least one software model and at least one
model logic generated based on at least one of
a data schema and a library engine set of
a client manufacturing production system

v 5970

Generate an operational task of an experimental hub
including at least one software
model and at least one model logic

Y 5980

According to the generated operational task,
perform an experiment based on input data to
provide at least one production plan data
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FIG.56

120
FEH New Scenario - O X
ExpHub Name: | ExpHub_Name |
ExpHub Directory: | //ExpHub_Dir || Browse |
Base Model: |./Model_Dir/Model_01.vmodell | [ Browse v |
£ Model Private Path: [ //ExpHub_01/dlls | | Browse |
Model UL Assembly: [ Model_ULdI || Browse |
&4 Model U Config: [ Model_ULConfig | | Browse |

| 0k || Cencel |
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FIG. 58

3140

B Create New Factor

Enter the name of the Factor

Factor 01
Select the type of the Factor

\ 0K Cancel

Data

Argument
ArgumentSet
Model

Dils
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FIG. 65

Command Line Interface

20

53 Command Prompt

Microsoft Windows [Version 10.0.19042.1052]
{c) Microsoft Corpration, All rights reserved.

C:#¥mozartsilent.exe "C:#VmsModel vmodel" -arg: "C:#SampleArgs.txt’

Begin ...2021-07-12 14:39:34
Startup ...2021-07-12 14:39:34
Pre Loading ...
Data Loading ..
Input loading
ProcStep Loaded. 00:00:00.0621769
Process Loaded. 00:00:00.1370889
Product Loaded. 00:00:00.1603551
Equipment Loaded. 00:00:00.0581419
EapArrange Loaded, 00:00:00.0690688
StepTime Loaded. 00:00:00.0820895
Wip Loaded. 00:00:00.1126359
Presetinfo Loaded. 00:00:00.1262078
InPlanLot Loaded. 00:00:00.1388084
StepTat Loaded, 00:00:00,1573134
ArrConstraint Loaded. 00:00:00.1690497
Toollnfo Loaded. 00:00:00.1776530
ToolArrange Loaded. 00:00:00.1881219
Elapsed Time = 00:00:00.3858734
Sim Start,
Simulation-Init...2021-07-12 14:39:34
Begin Initialize at 10/19/2016 6:00:00 AM/7/12/2021 2:39:34 PM
EQPO1, TABLE
EQP04, TABLE
EQPO5, TABLE
EQP06, TABLE
EaplD = EQPO1, simm/dispatcher/preset = Table/Fifo/PRESETO!
EapID = EQPO4, simm/dispatcher/preset = Table/Fifo/PRESETO1
EapID = EQPO5, simm/dispatcher/preset = Table/Fifo/PRESETO1
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FIG. 66

Display the experimental hub user interface of
the client manufacturing production system

\

Based on the first user input to the experiment hub
user interface, register the model type factor and
logic type factor of the experiment hub file

— 51020

\

Based on a second user input to the experiment hub
user interface, generate component information including
at least one of a data type factor, factor value,
and key performance indicator of an experiment hub file

— 51030

\

Provide the registered model factor and logic factor,
and the edited experimental hub file based on
the generated registration information to the client
manufacturing production system

— 51040
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FIG. 75
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FIG. 79

Display the experimental hub user interface

A/

Based on user input to the experiment hub user
interface, execute at least one of experiment refinement,
experiment design, and experiment performance

— S1120

Y

Provide the results of at least one of the performed
experiment refinement, experiment design, and experiment
performance to the client manufacturing production system

— 51130
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FIG. 82

S401

Acquire at least one of input data of a
manufacturing production system, mathematical
model design information, solver information,
and execution setting information

\i 54102

Set constraints and decision variables

_____ s
:_ Se_t the level ma'inte.nance _ _L
o oftedteciencin |
I S4104
Set the objective function
\ S4105
Produce a solution to the
mathematical optimization model
—————— i___J§11@| 54108
| Output the solver execution log | i Store information of the
L N objective function level maintenance

A

Output the result
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FIG. 83
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FIG. 84

5410

Obtain Input data including reference
information of the client manufacturing
production system

v S41M

Execute a model based on a mathematical
optimization model based on the
input data using a pre-set solver

v S4112

Provide production plan data included in the
output value of the model based on the
executed mathematical optimization model
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FIG. 89

51210

Generate at least one job for policy optimization and
at least one job for policy evaluation

l S120

Perform at least one of the jobs for policy optimization,
an experimental hub job, and derive a policy list

Y 51230

For the derived policy list, perform a first policy
selection job to derive a first selection policy

Determine
the necessity of performing a

policy evaluation

51250

Perform at least one of the jobs for policy evaluation,
an experiment hub job, and derive a policy
evaluation result

l $1260

Perform second policy selection job on the derived
policy evaluation result to derive second selection
policy
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\i 51280

Store the first selection policy in the repository




FIG. 90

51310

Receive at least one software model and at least one model logic generated based on at
least one of a data schema and a library engine set of a client manufacturing production system

Y 51320

Generate at least one job for policy optimization including at least one software model and
at least one model logic and generate at least one job for policy evaluation

\i 51330

Based on the input data, perform at least one job for policy optimization and for
policy evaluation to provide production plan data
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FIG. 94

54212

Perform backward planning, which is a time-reversal method, on the first
demand information of the first operation of the first production line
performed at the first production speed of the client manufacturing
production system to produce the first operation target information

Y 413

Perform forward planning, which is a time-advancing method for the
first operation target information of the first operation, to produce
the first work item completion information of the
first operation and the first production plan data

l i1

Based on the completion information of the first work item,
calculate the second demand information of the second operation

\i 54215

Perform backward planning, which is a time-reversal method, on the second
demand information of the second operation of the second production
line performed at a second production speed that is faster than the
first production speed to produce the second operation target information

\i 54216

Perform forward planning, which is a time-advancing method for
the second operation target information of the second operation,
to produce the second production plan data of the second operation
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FIG. 97

54225
Initialize at least one of the work item, batch, equipment,
and queue waiting time constraints for the operation
\ S4226

Calculate the queue waiting time of at least one of the target work item
and batch for the operation of the client manufacturing production system

l 4277

Based on the queue waiting time and whether the queue waiting time
constraint is satisfied, perform dispatching or batch control by determining
at least one of the inputable work items and batches of the operation
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FIG. 98
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FIG. 99

54228 e gtzg)l
Work item Queve o _ _ _ _ _ _ | Queue vaiting !
(Buffer) | time control | 1
—_ e .r |
—_ i
————— 1
o il
Target work item — — —{ Target work item : I |
I
b
Batch Control
54230 54231
Work item Batch specification
initialization initialization
? !
Y
Batch Alternative Generator
S4232
Grouping based on Key
\i 54233

Calculate the work item composition
score of the work item included in batch

I 54234

Determine the composition order according to composition
order rules based on the work item composition scores

I S0

Determine whether the batch is established by determining N
the batch composition based on the batch specification

i
Y

54236

Batch list »{ Dispatching control
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FIG. 100

542371

Initialize at least one of the target work item and batch specifications
for the process of the client manufacturing production system

Y 54238

Grouping a plurality of target work items into at least one
batch according to a key for the target work items of an operation

l S0y

Determine the composition order for at least one work item in at least one batch
according to a preset composition order rule based on a work item composition
score for each of at least one work item included in at least one batch

Y 5S040

Determine a batch composition based on a preset batch
specification from at least one batch according to the composition order

y Sa

Perform dispatching or queue waiting time control
for at least one batch based on the batch composition

100/165



FIG. 101

SQR

Generate or provide a software model and logic set including a domain-specific
engine for a production operation corresponding to a manufacturing
production domain of a client manufacturing production system

\i 54243

Receive input data including reference information from
the client manufacturing production system

Y S4244

Execute hased on the received input data, a software model and logic
set including a domain-specific engine to provide production plan data
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FIG. 102

560

Provide extendible software model and logic set that generates production
operation data, to the client having isolated cloud workspace

\i S70

Receive input data including reference information related to the
production operation data from a client

Y 80

Execute, using the received input data, the software model and logic set
and logic set and provide production plan data to the client
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Cloud Environment

FIG. 103
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FIG. 104
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FIG. 112
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FIG. 113
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FIG. 114
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FIG. 115
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FIG. 116

51510

Provide an extensible software model and logic set including at least one
of backward planning logic and forward planning logic for generating
production operation data

Y 51520

Receive input data containing reference information related to production
operation data from a client

Y 51530

By using the received input data, execute a software model and logic set
including at least one of backward planning logic and forward planning
logic and provide production plan data to the client
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FIG. 118
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FIG. 120

BOM2 +— BOM3

1SB1 f ‘_\ =f 15B2
BOM1
.
. PegPart A %
$6301—~  BOMfilter
A
1583 f ‘_\
BOM?2 BOM3
15B4 f E
15B1 i E > 15B2

BOMT PegPartA 7

56303

BOM selection

Y

1B1 f ‘_\

' >i E 1582

BOM1 | PeqPartA”

120/165




60795

g |

1YL LTYM

W08
00:00:81 011 7202

00:00:00 10741202 50795

wy) |

1YL NNY

Roﬂom

L0795 —

U01393|3s
dii 1e0.e]

buibbad
dim
0L=01 - 08 =AD
00:00:00 LO'ZL Y207
08:= 0L - 06 = 1D
00:00:71 1071 7207 mo_mﬁ
buibbad
dim

U

mu Ce mu

A

A

mf&%&w@. : O

L0

RARRIE

mf_mn_@&w@. : O

06 =MD

LN0G

Lrsasss..

121/165



FIG. 122

Receive input data including reference information
for a manufacturing production system from a client

—— 56501

\

Based on the standard model, perfom smoothing of
demand information and initialization of the work object

—— 56503

Y

Group a number of initialized work objects
to select a pegging group

—— 56505

Y

Select the BOM for the pegging group of the current ISB
information and the previous ISB information

—— 56507

\

Apply WIP pegging and time information to
the operations existing in the selected BOM

— 56509

Y

Provide production plan data based on results derived
from iteratively performed backward planning logic

—— 56511
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FIG. 123

Obtain rule information for each decision-making point of
the backward planning logic stored in advance for
the client's manufacturing production system

—— 56601

'

Receive input data including reference information
for the manufacturing production system from the client

—— 56603

'

Perform a software model and logic set including
backward planning logic according to rule information
based on input data to provide production plan data
to the client

—— 56605
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FIG. 127

First facility
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Second operation < |Work item A
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FIG. 132

Obtain input data including reference information
for the manufacturing production system

— 57701

\

Perform initialization of the forward planning object
based on input data and a standard model

— 57703

Y

Select work item and facility based on preset input
decision-making method and standard model

—— 57705

\

Place and move work item based on
input data and standard models

— 57707

\

Provide production plan data based on results
from repeatedly performed forward planning logic

— 57709
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FIG. 133

Obtain rule information for each decision-making
point of the forward planning logic stored in advance
for the client's manufacturing production system

— S7801

'

Obtain input data including reference information
for the manufacturing production system

— 57803

'

Based on the input data, perform a software model
and logic set including forward planning logic
according to the rule information to provide
production plan data to the client

— 57805
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FIG. 135
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comparison target candidates

the decision-making

58107
Weight sort

58115

Determine the type and priority
of the comparision target features

I 58117

Determine the comparison target
feature with the highest or lowest priority

|
v 8119

For each of the comparison target
candidates, calculate a feature
value for the comparison target

58123

feature with the corresponding
priority

Determine the comparison
target feature with the
next priority

Whether
there are candidates with
the identical highest or lowest score

of the feature
value

No
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A
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58125

Determine the comparison target
candidate with the highest or lowest
feature value as the decision-making target
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FIG. 138

58401

Obtain rule information for at least one decision-making point among
the backward planning logic and the forward planning logic for the client's
manufacturing production system

l 58403
Obtain input data including reference information for the manufacturing
production system
l 58405

Perform the software model and logic set including at least one of backward
planning logic and forward planning logic according to decision-making criteria
at each decision-making point of rule information hased on input data to
provide production plan data to the client
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FIG. 139

9000
9100 9200 9300
A A
Action Selector [ Feature Extractor ] Evaluator
J J
90 9600 9500
) [ Data storage \u )
Policy Manager i | RLOps Manager
\
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FIG. 145

9010

Provide an extensible software model and logic set
for generating production plan data to clients

l 59020

Receive first input data including reference information
for a manufacturing production system and second input data
for parameter setting

l 59030

Based on the first input data and the second input data,
perform at least one of learning, evaluating , operating,
deploying or managing at least one policy to provide
production plan data to the client
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9100

Action Selector

9200

Feature Extractor
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FIG. 147

142

ExpHub Executor
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FIG. 150

510010

Receive user input, setup parameters
for decision making, and initialize the system

Y 510020

Extract decision-making
factor value and action list

Y 510030

Based on the decision factor values
and action list, calculate the extracted policy

function and state value function

\i 510040

Make final decisions and perform simulation

Whether the >100:0
simulation meets the termination
condition

VES
S slong

L

Calculate the performance indicator value |

| at the simulation termination time point :
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FIG. 151

510012
Initialize the acquired model and logic
v 510014
Obtain parameter as user
input to operate the policy
Y 510016

Initialize the policy operation system
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FIG. 152

510070

Provide an extensible software model and logic
set for generating production plan data to clients

\i 510080

Receive first input data including reference
information for a manufacturing production
system and second input data for parameter setting

\i 510090

Based on the first input data and the second input data,
extract a decision-making factor and action list

\i $10100

By reflecting the policy function on the
decision-making factor and action list, provide
production plan data including the final decision-making
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FIG. 15

4
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1230
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Policy Manager
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FIG. 157

510110

Receive user input to set parameters related
to decision making and initialize the system

v 5$10120

NO

Accumulate training data by performing at least one
simulation to obtain decision-making factor value,

reward value, or performance indicator value

reached
YES

510140

Learn and store the policy function by
utilizing accumulated training data

Whether S10130
the second user-defined condition has
been reached

510160

Terminate learning
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FIG. 158

510210

Obtain at least one model for extracting
data to be used for learning

\i $10220

Obtain parameter from the user
input for learning policy

_______ i____iéwm

2
Pre-execute the target model for learning to |
search appropriate initial value of |
parameters related to learning I

I $10240

Initialize policy learning system
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FIG. 159

510310
Extract a decision-making factor and action list

by utilizing the property of the system’s state and [«
actions at the decision-making point (event)

Y 510320

Calculate at least one of the policy function and

the value function for each action based on
the extracted decision-making factor

Y 510330

Select an action based on at least one of
a policy function and a value function

\i 510340

Perform a simulatio and calculate performance
indicators during the simulation

i____/smaw

r— - L

Refine data to generate and |

| store refined training data :

I _____ S 6360

Train and Store the training data based
on decision-making factor values and
performance indicator values

Whether the ST0370
simulation meets the termination
condition

YES

NO

510380

Calculate the performance indicator
at the end time point of the simulation
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FIG. 160

510410

Receive at least one software model and at least one
logic set for client manufacturing production system

v 510420

Receive first input data including reference
information for a manufacturing production system
and second input data for parameter setting

\i 510430

Based on the first input data and the second
input data, generate training data

v 510440

Perform policy learning through the generated
training data to provide at least one of a learned
policy function and a learned value function
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FIG. 162

DB, File, Memory

110
Management System
1230
Job Scheduler Service
9400 9100
Policy Manager Action Selector
9200 9300
Feature Extractor Evaluator
9500
RLOps
9600
____________ ! =

Model Storage

Policy Storage

Y

130

A

Model Executor

142
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FIG. 164

510310

Obtain at least one of the policy function

YES

and the value function through learning

______ Yoo

-
| Generate an ensembled policy by synthesizing |
lone or more other policies having the same input|
| feature structure among the learned policies |

- - —
I 510350
Evaluate at least one acquired policy
and at least one model
I
v 510370 v 510360

Deploy operational scenario and policy
for model and policy for which
evaluation has been completed

Review the evaluation result to determine
whether re-learning is necessary

1
As aresult of the 10380

review, whether the third user-defined
condition is met
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FIG. 165

510410

Provide an extensible software model and logic set for
generating production planning data to client

\i 510420

Receive first input data including reference
information for a manufacturing production system
and second input data for parameter setting

\i 510430

Learn at least one policy based on the first
input data and the second input data

\i 510440

By evaluating at least one learned policy and at least
one software model, provide production planning data
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