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GEE ) @ Drag a column header here to group by that column
Narne Datalype  ColumnType DEMAND | AVG_LEADTIME MIN_LEADTIME MAX_LEADTIME EQPOL_Utl EQPO2_Utl  TARGET_RATE
| DEMAND int Static ¢ = _ _ _ _ _ _
AVG_LEADTIME double Static » 200 121.875 41.66667 183.33333 1.6360 3.30688 100
MIM_LEADTIME double Static
WA LEADTIVE touble st 600 257.29167 41.66667 450 5.60516 9.92064 45.83333
EQPOT Uil double Static 1,000 391.04167 41.66667 716.66667 9.57341  16.03009 27.5
EQPO2_Util double Static 1,400 524.55357 41.66667 983.33333  13.39906  21.81713 19.64286
TARGET_RATE double Static 1,800 657.08611 41.66667 1,250 16.87128  27.60417 15.27778
2,200 791.38258 41.66667 1,516.66667 20.3435 33.3912 12.5
2,600 924.75962 41.66667 1,783.33333 23.81572  39.17824 10,5762
3,000 1,058.125 41.66667 2,050 27.28795  44.96528 9.16667
12,800 4,727.01521 333.33333 8,932.33333 118.53209  196.21363 240.49756
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888 Create New Analysis Table %

Enter the name of the Analysis Table
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Cancel

LINQPAD_SCRIPT : LINQPad2| A 32! E m}2l(ling)
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£83 Edit Source — O *

File Path: CUsers\Geenakim\Documents\GitH
Category: Input v
Table Name: PRODUCT v
Experiment Mame:

Result Name:

] Add columns to the table

Cancel
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MM = Table Of22F 20| Table HZE! 5t tabo ZEAM LEZE 5}

Source Summary

Name DataType
EQP_ID string
DISPATCHING_TIME string
INIT_WIP_CNT int

FILTERED_WIP_CNT int
SELECTED_WIP_CNT int
SELECTED_WIP string
FILTERED_WIP_LOG string
DISPATCH_WIP_LOG string
PRESET_ID string

Column List

ColumnType
Static
Static
Static
Static
Static
Static
Static
Static
Static

Source Summary
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Analysis/ Tables/Scenario0l *

Source: Execution 1/Run 1/EqpDispatchlog

Add Column(s) = |

From Source e ColumnType
Expression Column

[From Source] : Table0i| ¢1& =l Source2| ColumnE & Tableof| 7|8 C}.

242 Column&E Select Columns to add Dialog0i| EA|&fL|Ct.

Table HESHA| 5 l
£ MEeist D [Add]E 22§t

=7}& Columns

%8 select Columnstoadd  — O *
Columns:

Mame DataType
L] EQP.ID string
[ DISPATCHIMNG_TIME string
L] INIT_WIP_CHNT int
] FILTERED_WIP_CMT int
[] SELECTED_WIP_CNT  int
[ ] SELECTED_WIP string
[] FILTERED_WIP_LOG string
] DISPATCH_WIP_LOG string
] PRESET.ID string

Add Cancel
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Analysisf Tables/ TESTO1 %

Source: Exscution 0/Run /DEMAND Losd Data
_Add (ELCTE) S Drag a colurnn header hera to group by that column
Name Datefype  ColumnType DEMAND_VER DEMAND_ID PRODUCT_ID CUSTOMER_ID | DUE_DATE DEMAND_QTY
DEMAND_VER string Static - P = & — = ~
DEMAND_ID string Static
! » PLANVEROL  DOOOL PRODO1 SONY 2020-07-14 18:00:00 3,000
PRODUCT_ID string Static
CUSTOMER,_ID string Static
DUE_DATE DateTime Static
DEMAMD_GTY double Static
3,000
* Record 10f1 Mt =& 1 k
¥ Edit Fiter
Analysis{ Tables/ TESTO1 X -
Source: Execution 0/Run T/DEMAND Load Data

LI Drag a column header here to group by that column [
Name DataType  CelumnType DEMAND_VER | DEMANO_ID PRODUCT_ID CUSTOMER_ID  DUE_DATE DEMAND_QTY ILOT_Q'I'Y I
DEMAND_VER. stiing Static v o o o 0 0 - 1- 1
:::;‘:?T-":"; :::: ::::: + [eLanverar | poon: PRODO1 SOMY 2020-07-14 18:00:00 _umnl___]EI
CUSTOMER_ID string Static
DUE_DATE DusteTirne Seatie
PUEMAND QT _coutle _ suic _ _
jLomand float Expression |
: 8§ Add Column - o x
]
I Mame: LOT_QTY
1 Data Type: float v 3,000 120
I Record 10f1 » # Wi+ = = S x4 b
1 ColumnType: | Expression >
1 R 1 | Edk; Fiter
I Expression: DEMAND_QTW25| I
: ] |
1 1
Load Data
Table HZ!| 54 2 2% [Load Data]Z2 =25t A<, A=l ColumnE Schemaz 5109
Sourcel| MEH E H0o{EL|C|
Load Data
Drag a column header here to group by that column
DEMAND  AVG_LEADTIME MIN_LEADTIME MAX_LEADTIME EQPO1_Util EQPOZ_Uti TARGET_RATE
7 aflc e afc e Al e alc
v 200 121.875 41.6666666666667 183.333333333333 1.6369047164917 3.306B87832832336 100
600 257.291666666667  41.5666066666667 450 5.60515880584717 09.92063522338867 45.8333333333333
1000 301.041666606067 41.06060060006067  716.060600060667 9.57341289520264 16.0300924777985 27.5
1400 524.553571428571 41.6666666666667 983.333333333333 13.3990579247475 21.8171300888062 19.6428571428571
1800 657.986111111111 41.65666666666667 1250 16.8712801933280 27.6041667461395 15.2777777777778
2200 791.382575757576 41.6666666666667  1516.66666666667 20.3435025215149 33.3912038803101 12.5
2600 0924.759615384615 41.6666666666667 1783.33333333333 23.8157243728638 39.178240776062 10.5769230769231
3000 1058.125 41.6666666666667 2050 27.2879467010408 44.965277671814 9.16666666666667
Record 1 of 8 F W M+ — =« 1 4
' Edit Fitcer
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Properties
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Properties BoxPlot0

Mame:

|BoxPIot0 10

Table Name:

] Ingore Table Filter

8
Argument Name:
Series Name:

3]
Series Value:
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[ Fix Width _’/\/
4
[ Fix Height

Name

Box Plot HEZ2| 0|2

Table Name

AAE|O|E2| 0|2
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Pie Chart HE &

Properties

Narme:

[Piechart2 !

Table Mame: I
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| | Y
| W]

[ Ingore Table Filter

Argument Name:

| ¥
Argument Top M:

° 5|
Value Name:

| ¥
Value Aggregation Type:

| v]
[ Fix Width

[] Fix Height

Name

Pie Chart AEZ 2| 0|

Ojny

Table Name
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Properties Histogram2

Mame:
|Histogram?_ | 4
Table Name: 51

| v| 4.8

[1 Ingore Table Filter 4.5

Argument Name: 432

| ¥
3.9
Argument Interval:
| M.
3.3
Argument Start Value:
| | 1§ °
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| N ES
[ Fix Width 21
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Table Name: 110

LINQ_EQPD1_WAIT ~ 100

[ Ingore Table Filter
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Argument Name:
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WAIT_TIME
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60
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b ] *
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»
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|
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Table Name: 00
[ Ingore Table Filter

Argument Name: 300
WAIT_TIME
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Argument End Value:

.
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Table Name: 110

LINC_EQPOT_WAIT v 100

[ Ingore Table Filter

Argument Name:

80
WAIT_TIME

70
Argument Interval:
Argurnent Start Value: ‘ 0
Argument End Value: 0
2000
[ Fix Width B
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Grid HEE

Properties Grid0
Narne:
|Grid0 | Drag a colurmn header here to group by that column
Table Name: cott coLz coLs
v VALUED 1
| Y | VALUEL 0
[1 Ingore Table Filter VALUE2 0
Columns: VALUES ]
VALUE4 1
VALUES 4
VALUEG ] v
VALUE? 3 v
VALUES ]
VALUES 7

M4 1 Recordlofl0 » ww+ — « & X 4

Grid A= HE5HH

Name Grid



HEE 0]
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Table Name

AAE|O|E2| 0|

Ignore Table Filter

SN H[O|E0| HEE = EE FA| R
Columns

Gride| Z& 0| &

Pivot HEE

Properties Pivotd
Mame:

- Drop Fiter Fields Here
| Pivotd

Vi Cla
Table Mame:
» Rl = A B C
ONE 1 2
Ingore Table Filter
L ing WO 4 5
Rows:
Grand Total 4 5
+ = t 1
Columns:
+ = t 1
Values:
+ = t 1
[ Fix Width

[ Fix Height

Grand Total
3
6
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Name

Pivot AEE 0| &

Table Name

AAE|O|ES| 0|2

Ignore Table Filter

A H|O|S0| HEE = EE

Row

Column Name

Sort Order

Column

Columnsof| ?|X|ef Z& 0|5

Column £ 0|E

Column Name

Al 0i8

A O
= o

Rowe| ZE 0|2

Row ZZo| & &
e None: =7| &=
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e Descending: LHE X M H

M
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Column Z& 9| M3 g
e None: =7| HEE =M
Sort Order . .
e Ascending: 2LEX}+ MH
o Descending: L2l Xt& M
Value

Rows2} Columns ALO|Of| Zt=2 LIEHH ZHE 0|
Column Name Value2| Z2l 0|2

o None: 2 E Zt2 EAIE
e Count: g
Aggregation Type e Min: ZtE2| RS EA|
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Properties FitterPanelo

Mame:
|F|IlﬂPaneI] |

Table Name:

| 2

Orientation:

| Vertical ~|

[ Show Query Button

Filters:

HEHEE

[ Fix Width
[ Fix Height

Filter Panel ™ &ls

Name

Filter Panel 0| E
Table Name
AAEHO|E 0|2

Orientation

e Vertical : M| 2 gl&tO 2 EE{J} =7}
(@)

e Horizontal: 7} 2 gt&F
Show Query Button Query
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Filters - ComboBox/CheckedComboBox/Radio Filter
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//1xN2| Vector YE{Z =g £ UZLICt.
public FeatureValue FIFO(ActiveObject target, ISimEntity entity, DateTime
{

float[] vector = new float[]{0,0,0,1,0};

return new FeatureValue(vector); //{0,0,0,1,0}

=
=
1 AFEE FeatureE ™Mol & &= JSL|CH M 2| = Feature &2 Machine Learning Scheduler
A

Ao U= gto = ALSE LIt

//FIFO Weight FactorE FeatureZ 7| 0
public FeatureValue FIFO(ActiveObject target, ISimEntity entity, DateTime
{

FabLot lot (entity as IHandlingBatch).Sample as FablLot;
double max 10f; //days




TimeSpan waitTime = now - lot.DispatchInTime;

float weight = 0f;
if (waitTime.TotalDays > max)
weight = 1;
else
weight = (float) (waitTime.TotalDays / max);

return new FeatureValue(weight);

0d]) Tact Time, Processing Time, Due Date, Arrival Time, Wip Ratio S

4. Btz TRl O = 7= =7|8)
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v M MachineLearning
v [ 1 MachineLearningSchedulerinit
= CustomizeHyperParameters
=+ CustomizeUnitinfo
= CustomizeGraphStructure

MachineLearningSchedulerInit/CustomizeUnitInfo O|A{ AddltemE =211 AFE X} st
LRI E MAGH ZL|CH HA A2 Feature?} SHECHANO| = ZHH|E FASHF|, &t TR
2l Unit2 3510 o1 &5l ZL|Ct.

//et50t o[AtAE S| HHRE MESt= oAUt
public IEnumerable<UnitInfo> CUSTOMIZE_UNIT_INFOO(ref bool handled, IEnume
{

List<EntityFeatureInfo> eFeatures = new List<EntityFeatureInfo>();




string[] eNames = new string[] { "FIFO", "LAYER_BALANCE", "MAX_MOVE",
[/ 2|=l Feature Method2| O|EE SSolF

foreach (var name in eNames)

{
EntityFeatureInfo eInfo = new EntityFeatureInfo(name, 1);
eFeatures.Add(eInfo);

}
//Z1 O|E1} =& Vector?| 7|2 E0{ FeatureInfo ElRQI©=Z TIE0{=L|CT.

List<UnitInfo> units = new List<UnitInfo>();
//Return & Unit2| CollectionEs AHAIGHL|CE.

foreach (var eqp in InputMart.Instance.FabEqgp.Values)
{
if (egp.ResGroup.Contains("PHT") && eqp.ResGroup.Contains("TF"))

{
NonSharingUnitInfo currentUnit = new NonSharingUnitInfo(eqp.Eq
//UnitE AMEL|Ct.
currentUnit.AddEntityFeature(eqp.EqpID, eFeatures);
//Unit0]| Zst=El AtH|QF 1 AH|7F AFRE Feature MethodE SE5{=L|
units.Add(currentUnit);

return units;
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UnitEe| AE7F MY E T £ A| Unital AL & Graph Paire| CollectionZ Returnsf ZL|C}.

//01H0 dEE UnitInfoliM AFEE Graph FZE UHSO{F= O|A|YLCE.
public Dictionary<UnitInfo, GraphInfo> CUSTOMIZE_GRAPH_STRUCTURE® (IEnumera
{
GraphInfo graphinfo = new GraphInfo();
//%MX GraphInfoE AMehL|C|.
graphinfo.AddLayerInfo(LayerType.Leaky_RelLu, true, 20);
//Graphoi| &1EY LayerE (Type, Bias AtSO0{F, Node =) & X|H35t0| FII
graphinfo.AddLayerInfo(LayerType.Leaky_RelLu, true, 10);
graphinfo.AddLayerInfo(LayerType.Leaky_RelLu, true, 5);
graphinfo.AddLayerInfo(LayerType.Leaky_RelLu, true, 1);
//7}AF OpX|2t Layer2| Node Z#$== HIEA| 10|00} &iL|C}.

=




Dictionary<UnitInfo, GraphInfo> result = new Dictionary<UnitInfo, Grap

foreach(var unit in unitInfos)
{
result.Add(unit, graphinfo);
//OAIOM= EE Unito] SQUst 2|2| Graph LEZ 0|RFIEE oA A3

o
= A

=
T

return result;
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Initialize :

B SE

public static void Initialize()

AN :

MachineLearningSchedulerInit/CustomizeUnitInfo
MachineLearningSchedulerInit/CustomizeGraphInfo

MachineLearningSchedulerInit/CustomizeHyperParameters

Sl =k Component 0f| A& 0| F2& =l M| &=E AlEi5101 Machine Learning Scheduler Zt5}st

gent £ =7|&} &L|C}. Factory/FactoryEvents/OnEndInitialize O|A 22&0| =7|&}

F 22 F= Ao HF Lo

LU i}
>

public void ON_END_INITIALIZEOG(AoFactory aoFactory, ref bool handled)
{

MLSBinding.Initialize()




Feed_Reward:

e el -

public static void Feed_Reward(string source, string rewardName, float valus

o string source : Reward7| 2 St ZfH| Q1L |C}.
« string rewardName : Reward2| 0| S QI L|Ct.
o float value : Reward2| QFQIL|C}.

oM

[CustomRewardTiming(Category = "SETUP")]
//WISE Wizard AO0|AM ZEAIEZ7| &M =7 F0{0fstL|C}.
public static void SETUP(AoEquipment aeqp, IHandlingBatch selected)
{
[/l &= Setup RewardE ZMA|7|= &= QIL|C}|.
if (!IsLearnTarget(aeqp.EqpID))
return;

float reward = MLSBinding. GetWISERewardValue(”SETUP”)'
//WISE AMO|A AQ|=l Reward Zi0| QUCIH It = sk QlL|Ct.

if (float.IsNaN(reward))
reward = -600;

/72t S FH|O|M MEHE A Z0| Setups HHA|ZICE

td

if (aeqp.IsNeedSetup(selected))
MLSBinding.Feed_Reward(aeqp.EqpID, "SETUP", reward);
//Feed_Reward &£ 53l RewardE BHHA|ZF{ZL|C|.

}

UEL|Ct Feed_RewardE Sdlf =

Feed_Reward &t=2| EJ} 7|52 =2 0| Q
£l =l Reward= 2 St ZH|2t SF H=2 g, 3l G, HAV A2 2 £l 5[0] A|Z28|0]
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Feed_KPI :
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public static void Feed_KPI(string name, float value)

public static void Feed_KPI(string name, float value, params string[] source

e string name : =&t 0 X5t= KPIS| H & QIL|C}
o floatvalue: KPI 2| =7t2FQlL|C}.

o params string[] sources : KPI 7} 2bAlist == 2 0lad5t= 22 QlL|C} | EE0]
"Factory", "PhotoGroup”, "PhotoEqp01" I} Z+0| QIS5 5| M AZEHE| QEZOZ =
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I
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Evaluation :
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public static IList<IHandlingBatch> Evaluation(DispatcherBase db, AoEquipme




 DispatcherBase db : DoSelect 0| A{ A& =|= DispatcherBase @|L|C}.

e AoEquipment aeqp : S1Xl SIAIZ A E LHE|= &H|QlL|C}

e IList<|HandlingBatch> lots : 41X} S|AIEAH E LHE| = TH|HM D8 == 2 H EQlL|C

« IDispatchContext ctx : DoSelect &<=0{| A| M & =[= DispatchContext@!L|C}.

o Func<DispatcherBase, List<IHandlingBatch>, IDispatchContext, IList<HandlingBatch>>
defEvalFunc : DoSelect0i| A] St CH&F0] OFl EHH[OAM 2ALEE S LHE|Z| 2I5H At E

7|2 gt 2lL|ct. Control.Evaluate £ Q1215tH E|L|C}.
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//Evaluation2 DoSelect & ©O0||A SelectZ 0| =E2i0fgtL|Ct.
public IHandlingBatch[] DO_SELECT (DispatcherBase db, AoEquipment aeqp, ILi
{

var control = DispatchControl.Instance;

//var lotList = control.Evaluate(db, wips, ctx);

//7|Z& Evaluate &t

var lotList = MLSBinding.Evaluation(db, aeqp, wips, ctx, control.Evalu
//Feature 7|Ht AlAOl JI=stE 7|&F9Z AMEE Lot List

//Evaluation0| S&%=I 0|50 SelectE =£dis5}
= A

|

—_ o

//ets thdd & Zofl 7|gtet ofAtEE S = UAEL .

var selected = control.Select(db, aeqp, lotList);

return selected;

Select :

B SEY



public static IHandlingBatch Select(string eqpID, IList<IHandlingBatch> lots

public static int Select_Index(string eqpID, int minIndex, int maxIndex)

o string eqpID : SIXH QIAIZ ™ S LHE| = ZRHH| Q| IDQIL|C}.

e IList<|HandlingBatch> lots : 2|A}Z A 2| CHOtO| E|= 7S EH0| AlAtE| 0 M = Xhd
S|t

e int minindex, maxindex : T Xl CHOI= S MEHEH Y| Index 2 & 26l 0fsH= AR AR5}
= Index2| =| gt} [CH 7L L[

HA =

AFM|
Evaluation &£ Soff MAU 7S5 EF71AlAME 2P == & 4SHetE Agent7t ALE St
o ! D

ispatchControl 2| Select &t

//DoSelectd|A{ control.Select £ £2Z|= Action &

public IHandlingBatch[] SELECT1(DispatcherBase db, AoEquipment aegp, IList
{
var selected = MLSBinding.Select(aeqp.EqpID, wips);

//ZEHstES AgentOl| A HyperParameterOf| X|&H= HtAlo= MEHSH|CL,
Learn(aeqp.EqpID, selected);

/M8 = Bty B2 53

return new IHandlingBatch[] { selected };

221 |7} St CHAY ZEHE|X| 42 AR, Agenty}t BIL ZER M =0f Y2 AL o
OF Z 0% Index2| &t 22 Retum LIt S CHAIY 7 AP0 A E Metigoz M
e45104 Xt 22 Return BHL|CH BIX| 73S MEd U 2 374x|Lct,

o Greedy: FO0{Zl CHO = Z[C| 7}E5 &t

=
o e-Greedy:el| EEZ Z[CH 7+= €0



o SoftMax: F=O0|Zl 7}FBI2 2 X|5 715 &&S UHE F s &&0i 718r5t0] ME L
ct.

Learn:

et SEY .

public static void Learn(string eqpID, IHandlingBatch selected)

n

e string eqpID : SIXH QIAIZ ™ S LHE| = ZHH| Q| IDQIL|C}.
» IHandlingBatch selected : Zt3}st& Agent7t AFESH= MEH BHHO| 2} MEH =l 2 =

it

AN -

SLICH Select 847} A 22 MEl3t 215 55 5He &AI0| ARELICH SH CHAL0| Of
H|O| AP 0L SIS HEIX| YALICH Agenty} BIt DEZ MHE FR MZEDY Bt

IsLearnTarget :

e El

public static bool IsLearnTarget(string targetID)

 string targetD : 51 CHAFQIX| QobE! 7| 9|3 AfH| 2| IDYL|CF.

0

AM -



Z3tahE Agenti| M StECH &S 2 125t QU= EH[QIX| True/FalseZ Retunsl = &=
QIL|Ct 7| 2XM o 2 MLSBinding &5 LHE0||M 0| &~E E5} t& CHALO| Ofl A,
SEOHA| =5 FHEOIUSLICE AFS A7 E 28 AF0| shath X 7] 25l 22
AlEO ALE & = JEF MSEASH

ToString :

B SE

public static string ToString_KPI(AggregationType aType, int showDepthLevel,

public static string ToString_MachinelLearningScheduler (AggregationType aTyps

o AggregationType aType: S & E|= A|Z0f| Agent7} =Z!|St KPIZ O{tH HtAlo 2 H 0]
=X|of| et TypeRd LT,

e intshowDepthLevel : KPIZ} 2= Leveld|| 2 =& 5|/} S ER, K| ™ El Level 7HX| 2 =
Ao F=7| 2|8t = 2 LTt Agent EHR{77EX[ TS| HAIE 2 22 02 2 =HSHH F L
C}.
e string kpiName : =Z!5t KPI= sl 0| E & X|L|= KPIoj| CHEt A 7™M SL|ct =7
22 "ALL' 0|10, "ALL'Z =|0{)UE H S sret 2= KPIE &3 &Lt
A :
Agent 0| A &t50| LolLt= b, AlZ8|0[M0| == at™Ho| M =& = KPIE Y2 AlA
o] Am 27| 95t &4 2lL|Ct. Simulation Module2| CustomEventE S5 Y& F=7|0fc}

Monitorinfool| Z2{5t01 5% ATHE alm = =] REBILICH 274X ZH 7} F0ix|=C
ToString_KPl= Feed_KPI &t+& E35l =&l = AIE X} X|™H KPIE
ToString_MachineLeasrningScheduler= Feed_RewardE Sdll =& & t&2HHM LIR2=
KPI(Reward, TD Error, Value Function)2 &= 35l EL|C}.



HyperParameters

3S HE YH

//MachineLearningSchedulerInit/CustomizeHyperParameters
public void CUSTOMIZE_HYPER_PARAMETERSO (HyperParameter hp, ref bool handle
{
hp[HyperParameterKeys.Run_Mode] = OptimizerRunMode.LEARN;
hp[HyperParameterKeys.Learning_Rate] = 0.001;
hp[HyperParameterKeys.Selector_Type] = SelectorTypes.eGreedy;
hp[HyperParameterKeys.Half_Life] = 480;
hp[HyperParameterKeys.Epsilon] = 0.01;

//hp[HyperParameterKeys.25t= =] = {5t= Zt(Object)

WISE 440fl A & E4%f Loop QIX| S LIEfY=

Loop_Index int
Index
. WISE A0fl A = H1%) Run Q1X| LEERH =
Run_Index int
Index
Run2| 2 = 37tX| & otLt
i - 7H(Evaluation)
Run_Mode OptimizerRunMode  _
-St&(Learn)
None
SAZi 2| e|AtZ ™ol HotLt ol ef ol AtAH o
sF2 = ZIOIX|0f| CH St Parameter. 101 7177t
Lambda float o _
2423 ¥,
27|25 AR =0



Half_Life

Random_Seed

Selector_Type

Epsilon

Temperature

Optimizer_Type

Learning_Rate

First_

Momentum_Beta

float

int

SelectorTypes

float

float

OptimizerType

float

float

Rewardo| 74x|7} 058 == Za|= A2
(houn). &g =5 27| Z7He 2.

2 Z2t = Simulation Period2| 1/10~1/30

Agent0i| A{ Random®t Zt2 A2 4
(Selection, Neural Net Initialize) AF25}t=
Random Stream2| Seed.
=7|%k=12345.

Mef o) B8R
-Greedy
-e-Greedy

-SoftMax

e-Greedy MEHEIHO|M AtESH= SE
Parameter.

=7|2t=04.

-WO #ZHZ4:0.0~04

-MLS & & Zt:0.0~0.05

SoftMax ME{HIHO|| M AtE 5=

Parameter

o
oy
Hn

SGD Yol 57
-Adam(# Z})
-RMSProp

SGDO|| M ALE25t= St E.

70| 242 Preset Weight/AlZ42t0| J71EX|
H3l7F 3Ct Reward2e| ACHA Ol 37| &E
5t #zlo| Uch.

-WO & A}&H: Reward 100EH2( 04| A
Learning Rate = 0.001~0.1

-MLS HZF AFSE: Reward 100EH2| 0| A
Learning Rate = 0.00001~0.001

Adam/RMSProp 0| A AF235}= Gradient 2+

Parameter. 2 &2t = 0.9~0.99



Second_
Momentum_Beta

Use_
Immediate_Update

Parallel_Evaluation

Initial_Node_
Min_Max_
Range

CheckPointPath

float

bool

bool

float

string

AdamOi| A AL
HZZF=0.99~0.999

WOOIAM 1&]2] Learn %,=,¢

WeightFactorE Update
True

MLSO{| A Evaluation &=~

| |
Feature A At HEZ &X| &

Sl= Gradient 2t Scaler.

S= Al Lot
O

7122 = True(# %, Evaluatlon Time 7| = <!

20~40%2| A 571 M)

MLSOl|AM H &t& 2 &I
Parameter Z| =7} H 2|.

=7|%}t =0.0000001
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Al 2142 Node
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Weight Optimizer

Weight Optimizer 7| 2

Weight Optimizer = MOZART £ MM =l 2 Hl & 715 etEtAl 9] Weight Preset 2 AE5}0
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Weight Optimizer & &

1A 2 7tSX| [ X5 e Al=Z2l|o|H 20| &&0] =l
MOZART WISE At0{| A Weight Optimizer & £ S35}7| {6t M™Z &tL|Ct o] AtS
X

s e = ?let =Hl= ohFe| Lok =87t ELHH DIX[HEA 2 2=
M2 Soll 2 H 2| 2d mtetn|E ef 2|l = M E 4ts SaLith

1. Machine Learning 0f| E 8§ &= DLL 7}

Mozart 7|2t Weight Optimizer =%
Z7tgetL|ct. Weight Optimizer 32

O ofn

e Mozart.ML.dII

« tensorflow.dll

o TensorFlow.NET.dII

e NumsSharp.Core.dll

e Google.Protobuf.dll

o System.Memory.dll

o System.RunTime.CompilerServices.Unsafe.dll
o System.ValueTuple.dll

A7 ol E2 ¥ N Z2EL|CH Mozart ML Package € Eolf MX|& &~ QJSL|C Tfo| A
X|El 0|=0i|= CH 4t Project of| 47| el & otz 2| 371 ot 2 &= FItet|ct.

e Mozart.ML.dII
o System.RunTime.CompilerServices.Unsafe.dll
o System.ValueTuple.dll

At7| ot = 51| 271 2 R (System.RunTime.CompilerServices.Unsafe.dll,
System.ValueTuple.dll) & WISE 0i|A{ Weight Optimizer A/SHA| 2 &t U EQIL|C} SHE
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Weight Optimizer = WISE StZ 0| M TS50, WISE 0| A AlSH Z t2 A5 7F SAAH|5F L}
KPI £ =712 F2ol5t7| flch M= 220l AN H2| & F7+X| Output 2 X|3oHOF &fL|Ct.
[Ch2fM Of2H e & 7+X| Output & Schema of| 57| 2 & Output 2 = 75l OF gfL|Ct. B[ O]
22 oalof| 715 & WISE 0| A Weight Optimizer Z2{1210f| E|0| £ X|™5IH X[ ™ =
E|0|£0]| Run & 2= =i Z H|O|E & 7| FgfL|ct.
o KPI &8 9|8t Output: WISE 97| A| KPI Z 1} &t
WISE Of| A i S EI[ 0| 22 OHE A7 | = 20| FIHH
o Weight &4 1} Output : Weight Optimizer =3 A| SQl 2 & S HHE5| A &H551HA S
01, 0f A& Run & =& sh& &l Preset Weight 42 7| S3517| 2/t EI|O| S LT WISE
M S Eo|E2 OHEA|7| = Zo| FIHM = E LT}

— -

Pl =&& 2|8l Output Schema

KPI_ID string KPI &4 &l
KPI_VALUE float KPI Zt
TIME string KPI & A A|A. Simulation clock 7| & A| X

Weight 8% 4 1} Output Schema

PRESET_ID string  Preset M 2 0i| AF2 =l PRESET_ID
FACTOR_ID string  Preset M 2 0i| == &k=l Factor ID
FACTOR_VALUE float Preset M 20 MX =l Factor & St&S = 7I=X| 2t

TIME string st& SEAH
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1) 8= ch& EH| X8
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public IEnumerable<string> CUSTOMIZE_TARGET_EQP_LISTO(ref bool handled, IE
{

List<string> eqps = new List<string>();

foreach (var eqp in InputMart.Instance.EduEqp.Rows)

{
if (eqp.ResGroup.Contains("EGO1'"))
egps.Add(egp.EgpID);

return eqgps;

2) 2 Ci A | ofl CHEH 70 Preset H= &Hy & 92

etdoz A7E 2R 2 MY = 2 MH| 1S = Preset 2 4 ELICEL F, Y
AH| D ZELHO| AMH|EL 25 22 Preset 2 A5} ElL|Ct. T2/ L} Weight Optimizer 0f| A
= /e ZH|H=2 st52 5| 222 2 E ZH|7t SE X0l Preset 2 ALESHEE U US
0tS0{ FO0{0F &tL|Ch S ALEXZE A Yo 2 TH|EHZ ALES Preset £ THS0{ YESHL,
ZHH| M 20| M ZHH| 2 X 2 Preset Mapping 5 3=0{0F &fL|C}

I

@ Preset 2 E X Z56t= H|0| 22 Y= A| Primary Key A1 0| =[0{ RU0{0F
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3) 8t& Clj Al Preset Factor X| &

Sk CHAL ZHH|O| A A2 SH= Preset Factor £ 7t|jH StL|C}. CHAF Preset Of| =&t 2 =
S0 DY S5 YT, 2 ES0|M U Factor 5 F /5101 S0 gheig ol

e X Ee = USLH e 78 Y s

WeightOptimizer/OptimizerInit/CustomizeTargetFactorList & QIL|CH & = Af

| XEE o HHEE =& LT

public IEnumerable<Mozart.SeePlan.DataModel.WeightFactor> CUSTOMIZE_TARGET

{
List<WeightFactor> factors = new List<WeightFactor>();

EduEgp eqp = InputMart.Instance.EduEqp.Rows.Where(x => x.EgpID == targ
if (eqp == null)
return factors;

foreach (var f in eqgp.Preset.FactorList)

{

factors.Add(f);

return factors;
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WeightOptimizer/RewardControl/GetEqpReward : ZtH| AEH HZA A|HO| EAS & =
T2 MA 7} & LoadingStates ={SETUP, BUSY, IDLERUN, IDLE, PM, DOWN,
WAIT_SETUP}.

WeightOptimizer/RewardControl/GetEntityReward : &I E AE| HA A|HO| EAME &
= QUEE MHIISSE S, EntityState = {HOLDMOVEWAIT,RUN,OUT_WAIT}. £ &t

O =
OISH0] B0 R E HrE e &~ USL L

o L& A| 2 Z 2| SHXH AEH 2} nextState

M
Jton

7] g 2o AlZE|o[Me] o A|F| EMAS & = JUEE AT = JSL|CE H7] g
o] Mo E FII5t= A2 Zelslo] Yo AHo| E&tE Hofst= &f+E =M XY= &
B2 FIIELCH SHE 54 HE2 customRewardTiming L|CH A O|A|= o2 2t 2
SLICH sl & =M 2 7HEl public g2 A< WISE 0| A Weight Optimizer Z22{ 1212 Sal
CHa EA0| M E0{ Rt HAUHE(Z)E RYE = USLICE 0| E RIS Al AFEdHOF 5t= &
=2 olzjo| MM EtL|Ct. Category ! Description £44.2 Weight Optimizer Z2{ 21 210{| M
Reward Setting 3}740f| Reward 2 £ EA| == ZfQIL|CH

[CustomRewardTiming(Category = ""CUSTOM'", Description = "SETUP ErAHA| PENAL
public void SETUP_REWARD (AoEquipment aeqp, LoadingStates nextState, ref bo

{
/] U7} SHSTHAL RH[QIX| EHEE
if (!IsLearnTarget(aeqp.EqpID))
return;

// WISE Of|A{ A& 5t REWARD Z}2 Zt&L|Ct.
float setupPenalty = GetWISERewardValue('"SETUP'");
if (float.IsNaN(setupPenalty))

return;

Feed_Reward(aeqp.EqpID, setupPenalty);
Feed_KPI("SETUP", 1.0f);

WISE HIQIZ & 9I5| 228t B4 MA MH &=
NameSpace : Mozart. ML.WoBinding

static g+ & &t 2 2 static st XIS AFE51H0{ using =2 7451 OF &fL|Ch. of2li = &

oAl I EE



using static Mozart.ML.WoBinding;

e LearningTarget: StSCHAF ZHH| 2 X| ™ =l ZHH[Q1X] 0

o GetWISERewardValue : WISE 2| Weight Optimizer Z2{1 212 Sl 84 ™d =l Reward &
H Z2t2 gttt

o Feed_Reward: Weight Optimizer 0| RewardE SE¢&L|Ct. Z2H|HZ st&5 2 & 2t
st S EA| CHA ZHH|E X| & sl F0{0F gLt

o Feed_KPI: = 2l0j| 7|5t KPI Output Schema of| KPI £ 7| 2&tL|C}. O}FX|2+ Argument
Ol dincremental = false Q| AR0|= U= Zf0| JCHZE 7|E=[04, 7| 27k (true) S At

25t A2 F& 42 7|2 EL .

o A = _
5. 84 e &S&EIE FI}

&2 Q5IA CIATHEl A| M0 MEJCHA Xt 2 0| T 7} & 4=(Feature) 2 £ &5t= 849}
2 Z X2 MEH BI2 525122 A= E £75H30{0f BiL|CH

AlZ2)o|d 20 HAME Y Y =S FoMste RE2
=

DispatcherControl/DoSelect Sr=QlL|C}.

SMe2 HE Y M-E SE2 2o UE 222 F&ot7| 2l
Mozart.ML.WoBinding.Feed_FactorEvaluation &I+E SEEILICH 2 &= 7|2 MO
olM BI17t ZH X[ HOIM S &E5HE=E 2| &fL| Tt of2f = o AL Tt 2h

=
DispatcherControl/DoSelect £ XIX|HOZ &St RE S AIE5I= R0 = & 5=

=M= 2= E717F 2 = Lo

public IHandlingBatch[] DO_SELECT1(DispatcherBase db, AoEquipment aeqp, IL
{

var control = DispatchControl.Instance;

if (wips.Count == 0)
return null;

var lotList = control.Evaluate(db, wips, ctx);

var evallLots = new List<IHandlingBatch>((int)(lotList.Count * 1.5));
foreach (var entity in lotList)




if (entity 1is LotGroup<ILot, Step>)
{

evallLots.AddRangeCast(entity.Contents) ;

}

else

{
evallLots.Add(entity);

// Extract Learning Input(Factor Value)
Mozart.ML.WoBinding.Feed_FactorEvaluation(aeqp, evallLots);

var selected = control.Select(db, aeqp, evallLots);

if (control.IsWriteDispatchLog(aeqp))
aeqp.EgpDispatchInfo.AddDispatchInfo(evallLots, selected, aeqp.Targ

return selected;

HI7F 2L RHE S MEISH= &= DispatcherControl/Select EtLQlIL|C} £ &t
0| Al Mozart.ML.WoBinding.Select &£ AI25}0] 2SS MESI, MENSE ZAH E T} QF

L
=]

SiL|Ct. 2t DoSelect gt~ MM E AIE AL AHH L[S ALESHE ER0ll= MEISH=E B2E2
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using static Mozart.ML.WoBinding ;
public IHandlingBatch[] SELECT1(DispatcherBase db, AoEquipment aeqp, IList
{

IHandlingBatch selected = Select(aeqp.EqpID, wips);
Learn(aeqp.EqpID, selected);
return new IHandlingBatch[] { selected };
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1) "Create New Execution” 2 ME{EfL|C}.

2) Reward Settings

Dol ME 5t 7125t Reward 5 1401 A & Reward £ ME45}D, 315 A Zhe QI2iE!
L|ch ofel 22 47| ofj M| S AFRE ) 2| Reward Settings 312 0fA|L|Ch



&858 weight Optimizer Design Wizard

Reward Settings:
ENABLED CATEGORY TIMING DESCRITION VALUE ADD_KPI CONDITION
e afle alc = e

“ousToM SETUP_REWARD Setup Of Cht H4te SFTUL, 0 ]
CUSTOM CONTINUQUS_REWARD  Zti2| Qi) cfsf 248 Suck 0 O

Previous Mext Finish Cancel

Weight Optimizer Wizard 3}24(Reward Settings)

3) WISE2} Model & £ 2|8l Mapping

oA 20| A St S IHX| Output (KPI, Preset) 2 91Z3l30{0f 510, A& 0| A AFRS=
Preset 27t &71 B|0| =& X|Hdl| F=0{0F &Lt

4) Learning Parameter &3

e Random Seed: A& A| AFEE Random Stream 2| Seed ! L|C}.
o Lambda : 2t5}5t4 2| Eligibility Trace 0] AF2 £ = D 7HEH QI L|C}. O| X 77FX| 2t Gt o
AFZ 0| Reward 244 SFE = oi2fo|e{lL|Ct. 20| 0
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6) Selector 73
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« eGreedy: 2(AIZT S LHE Al 71E =2 71X E F= 2lAHEEHE
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7) SDG Method & H

MOZART Weight Optimizer 2| 2 < SGD(Stochastic Gradient Descent) 2tA1© 2 st& 8 5}
0f 0|5 X| &5tz YA 2 Adam Lot X| A2 0| FI17t & = UEL|EE Adam 2
SGD gl = & 72 dBIM o 2 ALE E|= Momentum 7|BHe| YHO 2= StE =S T i 2 1,
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Learning Rate £ £017}7| 2|5l A=
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o First Momentum Beta : A4 X 2| = 0~1 At0|2] ZtQIL|CE 10| 717t =2 0| ™
Gradient 2| 2I5tE RX|5t2{= 20| HX[A EL|Ch 7[22t2 2 0.99 E ™ gfL|ct.

e Second Modentum Beta : & X EH 2| = 0~1 A}0| 2| Zt0|0d, First Momentum Beta 22 C}
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Multi Model Executor

1. MOZART WISEE Alglistad, ATt Plug-Ins > Plug-In Manager | = € Z&lgiL|C
2. Plug-n Manager CH3HARS| 2% AbChoj| Q1= Add Plugin H{E S Z28Hct,

e
.
CHE 2 A8 Z2§ 191(Multi Model Executor) 2 A|Lt2| 20i| Al#7Hs st 22 ntDll 2 5
St1, 0| & Z=efsto] Mlist= 7| s2 MS5he 22 1L T
WISE Scenario
BASE Model BASE DI
Multi Model Executor
Multi Model Executor Designer Extension del "
BASE Mode| W BASE D
Model 1 DIl rev 1 Model 1 DIl rev 1
Model 2 DIl rev 2 Model 2 A DIl rev 2
Multi Model Executor Plug-In
2 A3 22102 f1e| O30 20| Z2{12le| otHAL 7|52 Safl AlL2 |°01|A1
M E 4 Qs S DIl S FIHE 4 UL 8 $7HEl Executor £ S5 7t B¢
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= A x
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3. Select Plugin File CHEHA XM CHR2 2 = BH2 "MultiModelExecutor.vplugin” otel & M

o
=5t0, 97| HES 28

= 2= gLCf
4. MX|7} =|H ofeff O3 Zto| MX|=l Plug-in O] EA|EL|CH 221191 2=2| Enable H

Sg 225t 2210018 EAskEiLICt
5. Plug-in Manager CH g} Xt2| Close HHE S Z&!lshL|C}.
6. =t Plug-Ins > MultiModelExecutor > Model and DIl Settings 0| ‘= 7} =Xlist=X| &CIEL
C}.

B8E Plug-in Manager *
Plugins: Add Plugin
4. Execute Multiple Models Disable
~’ Execute multiple models Uninstall
PEPG Optimizer Disable
Optimize Targets by Parameter Exploring Policy Gradient Uninstall
Weight Optimizer Disable
Optimize Weight Preset by Reinforcement Learning Uninstall
Close
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Models:

Mame Description

LowDemand dernand0i
HigDernand demand02

Add Model Add Zips Edit Remowve
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Marme Directory Desciption
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StEte| B|AE HEAO|= FIHE DLL O EA|E LT DLL € F7t5t7| fIsiM =
HES AFS LT tetdA M Fote dil o] ZeotE 2HE

Description 2 &g & U= CHSHAXIIF 2 SHEIL|CH 2>t
Report 2| "DIl Name" Z& 0| 047 |A ™ol = dIl &0 ZA|EL|CH
siME 72 7tset E& & Ar85t0] dil & S5ot= Aol E5LIEL

3) KPI S2

KPIS| EE2 WISE 9| &lEl AtgH T SalstL|Ct WISE t| A M| Z35F= Function £ AFE56}H0]
Hoje = lenf, =2 LINQPad & Ling ot 2 Al8e == JUSLICH S4 Model 2]
Output 2 A6t ZHELSH Eﬁh—xl(Sum, Average, Min, Max £5)& KPI 2 & A 20| = WISE
YIPSIRIES, 2 X St= 40 ingPad £ A+E35}04

I
0

=L
Ling Stagement &2 Program S 2 £ Scalar Value £ Htatst= &€ 9H=0] A}R%FLIEL
Of2 122 Table Aggregation/Sum &t~=E AI235}0{ x| Move ZZ KPI 2 ™ 2|5t 0f| M| &
L|C}. Ling Tt S ALE6H7| 2|3 A = Functions 0| A "Script/RunScript" £ MEHSI1 Ling L}
U2 MENSIL|CE Ling It 2 Scalar 242 BHatStE £ 145 OF & LT

.43 Design/KPls/EvalkPIS, TotalMaove * - O x

Expression

OutputsSum(Cutputs.EqpPlan,1=1,"LOT_QTY")

Functions Function Details Components
- @ target (a) Outputs.EqpPlan outout -
) Last 4 1] outputs
123 Leaflumber @ filter 1=1 b % EqpDispatchLog
123 Max 4 EapPlan
123 Min B expression "LOT_aTy" A END_TIME
123 StDey i EQP_ID
123 StDevP 123 return type MNUMBER. g LINE_ID
Si LOT_ID
123 S0 "]
123 Sumz2 @ LoT aTY
123 Var A MO_DEMAND_ID
123 VarP A MO_DUE_DATE
b Table B MO_TARGET_DATE
b Serint N B MO_WEEK_NO
Returns a sum of the values of the B PHASE
specified expression, g PROC_TIME
PRODUCT_ID
A START_TIME
A STEP_ID
v = ErrorHistory
v B LoadingHistory
b+ B LoadStat
v B PeqgingHistory
v = StepMove

Insert Cancel v B StepTarget
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1~32| Y E S &
Menu>Add" 0| = & A}
37l &1 2|0f| "Targets”
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Executions/Execution 0/Report =l =l R S  Executions/Execution 1 *

General Target Models:

/o L1  Maodel Name Description Up
BaseModel BaseModel of Scenario

Database LowDemand demand0? Down
HigDemand demandoz

Models
< >

Target Dils:

L1 DIl Name Count  Description Up
BaseModel 1 DIl in Scenario's Private...
setupversion 1 setup EHE Down
< >

Target Models : 213HCHAM0| £ = Model £ MEHSIL|C AlSH 715 BEIO| = A|LIZ| 2 M
Al X|4 5t BaseModel 1t £2110212 &3l 7=l 20| 25 ZetEL|Ct 0|5 A3le
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= Al Oodlp o AMEHS S EHO| AlS E SO o] AlSl FHOo Ex
Ol cHa 2R 0tdIl 2 MEISH= General B2| MMHE S2 0| 72| &l&olo| 22 Salf
AlSHELD E o= ool E X S| A0 3ZM AlSHS Olol cHAFDO I
AloStH MEHE 2= REIOICE MERE dIl 2 X[ - & S0 F A Aot o et 2 &
A [=E] S| Ml AlS MA™AHVsE=E MXS o =
0| 37§o|11,cHatdll o] 27H0|0f Zt dIl HZ 15|4 MM (7| 2MH)SI=EE MY ER & 6H
Al EQolst M o= X o = MAE =
o dHELICE St P o= HHM dil 2| Count =42 HHSHH F
. =| AlS|
15(=3 x4+ 3 1) 3 Aol gL|ct.
AlS] 4 0l= ion 8lCte o E5l AlS St 2 slo|at & ola
Al Fl Z10t= Execution St Report 7|52 S5l e ZaIE KPI & &g o+ QST
=i K=] =2 = M o|la (=) (o]
2 222 KPI £ S H2|gt B2 Report Of| A[]L|Ct.
Execution Analysis Report
Execution Start Time: 2020-01-13 19:38:04
Execution End Time: 2020-01-13 19:38:32
Execution Elapsed Time: 00:00:28
Total Run Count: 15
Mozart Studio Path: C:'Program Files (x86 JvmswmozartitclientibinfLSE_Studio.exe
Execution Performance Model Info Factors KP1s Model
Run Index  Run Name | Start Time End Time Elapsed Time | ModelName DIl Name Models Total Move  Utiization Model
2 Run 0 2020-01-13 19:38:04 2020-01-13 19:38:05 0:00:01 BaseModel BaseModel 1] 7025 87.5826717558361 Open in Studio
1 Runil 2020-01-13 19:38:06 2020-01-13 19:38:08 0:00:01 BaseModel BaseModel 1] 7025 87.5826717558361 Open in Studio
2 Run2 2020-01-13 19:38:08 2020-01-13 19:38:10 0:00:01 BaseModel| BaseModel 1] 7025 87.5826717558361 Open in Studio
3 Run3 2020-01-13 19:38:10 2020-01-13 19:38:11 0:00:01 BaseModel BaseModel 1] 7025 87.5826717558361 Open in Studio
4 Run 4 2020-01-13 19:38:11 2020-01-13 19:38:13  0:00:01 BaseModel setupversion o 7025 87.5826717558361 Open in Studio
5 Run 5 2020-01-13 19:38:13 2020-01-13 19:38:15 0:00:01 LowDerand  BaseModel 1] 6875 85.5820109049479 Open in Studio
6 Run 6 2020-01-13 19:38:15 2020-01-13 19:38:17 0:00:01 LowDemand  BaseModel 1] 6875 85.5820109049479 Open in Studio
7 Run7? 2020-01-13 19:38:17 2020-01-13 19:38:19 0:00:01 LowDerand  BaseModel 1] 6875 85.5820109049479 Open in Studio
8 Run8 2020-01-13 19:38:19 2020-01-13 19:38:21 0:00:01 LowDermand  BaseModel 1] 6875 85.5820109049479 Open in Studio
9 Run9 2020-01-13 19:38:21 2020-01-13 19:38:23  0:00:01 LowDermand | setupversion o 6875 85.5820109049479 Open in Studio
10 Run 10 2020-01-13 19:38:23 2020-01-13 19:38:24 0:00:01 HigDemand BaseModel 1] 7025 87.5826717558361 Open in Studio
11 Run 11 2020-01-13 19:38:24 2020-01-13 19:38:26 0:00:01 HigDemand BaseModel 1] 7025 87.5826717558361 Open in Studio

R

emmrro o

H

[ R



