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MOTIVATION
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Will simulation even matter in the

new world of Al, Big Data, Machine

Cognition, Machine Learning, lloT,
Industrie 4.0, .... ?
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If it does, then we MUST do
something to make factory simulation
better, faster and cheaper, because
today it is not accurate enough, takes
far too long to develop and use and
costs far too much in terms of limited
human resources.
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HOW HAVE WE (RESEARCHERS) THOUGHT  Georgia
ABOUT MANUFACTURING? Tech|)

Conceptual paradigm underlying all commercial simulation languages
The only “control” possible is the selection from a queue
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WHAT IS MANUFACTURING REALLY: Georgla@

Tech

The fab is:

e Network of resources—OHT,
stockers, process tools

* Each with specific behaviors, or
capabilities to execute processes

* Product—foups—move through
this network of resources, where
resources execute processes to
transform the product to a more
valuable state

e Control systems tell these
resources which behaviors to
execute and when

e An example of a ‘discrete event
logistics systems”, or DELS
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FUNDAMENTAL DISCONNECTS
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 The queueing paradigm has a very limited capability for representing control
e Thisis a crippling limitation for researchers

e Thisis a tremendous cost sink for practitioners

* |n manufacturing, there are no queues, only resources with behavioral capabilities
(this is not quite true—1I’ll discuss this more in a minute)

* Control engineers write software that drives these resources

* Up until now, there has not been an effective methodology for bridging the gulf
between the “language of queues” and the “language of control”

CREATING THE NEXT"
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 Formal models of discrete event logistics systems, capturing resources, interfaces,
behaviors, controls, products, processes

e At multiple levels of abstraction (just like for integrated circuits!)

* Ability to use models of DELS instances as the baseline for creating decision support
analysis models (so our results can be effectively communicated to controls
engineers and actually used!)

e Even if the decision support is an agent/machine intelligence/Al....

A suggested approach to bridging the gulf
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GOAL: A USEFUL “VIRTUAL FACTORY” Georgia&
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Component
Libraries

Order Stream
Specification

Simulation
Control System Model

Specification Generator

Base System
Specification
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GOAL: A USEFUL “VIRTUAL FACTORY”
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Presenter
Presentation Notes
Because we want to study how controls perform under changing production requirements


INTEL MINI-FAB PROBLEM

Batching (3 lots)
L Magp -
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Min TPT = 4P min = 14.08 hrs

PM = 30 min/12 hr shift

Lithography
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Re-entrant flow

Setup, batch, machine failure
Preventive and breakdown repair
Operators with breaks and mtgs
Transporter and stockers
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If we are going to separate plant and
control, we must have some
conceptual model of “controller”
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CONTROLLER CONCEPTUAL MODEL
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Controller
= |__System__
r?r Feedback
]
=
()]
2 .. Control
Action

Decision Maker

Monitoring

Execution

Answer

Question--1

Decision Support

h |

Formulation

Problem
Definition

Optimization

h

Problem
Solution

11 Implementation
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Controller requirements

Event driven decision-
making

State-based decision-
making

All actuation via base
system

Decision support has well-
defined interface
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DEFINING DELS
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ownedBaseSystem | «blocks
BazeSystem
wblocks
DELS ownedController | «blocks
values Controller
name : String
usedMsgHandler zblocks
M=sgHandler
_—— sblocks
Maker
1.®
p—— MOower
wblocks - : =
BazeSysiem = 0.
Mover
store | sblocks
0. Store

Georgia &
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wblocks
Controller
| I |
monitor wblocks
Monitor
plantiodel xblocks
PlantModel
decider wblocks
DecisionSupport
TaskDefiner wblocks
TazskDefiner
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DELS RESOURCES
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wblocks
FlowRe=source |iz3toredin
isMovedBy
ikTranzformedBy
wblocks 'y
Resource
values
id : String k—— ablocks ablocks
ProcessResource Maker  |ansorms
r&suurc&E—&tI1 L
MovEs
sblocks ::"“k* -
ProcessResourceGroup ERer -
sblocks  |St0rEs
Store
wblocks
DELS
wblocks
Operator
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DELS PROCESSES
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wblocks
Process

partil : String
processlD : String
resourceType : String
processMName : String

duration : Integer

eblocks
Product

Valles

partll : String
partMame : Siring
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For a process to be executable, there must
be some resource in the base system
having the capability to execute that
process (or the capability to be
reconfigured to execute that process,
where the reconfiguration itself is a
behavioral capability)

A product has an associate process, and
that process can “nest” multiple ‘sub’
processes, with constraints such a
precedence, timing, etc.
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DELS

ibd [Block] DELS[ BasicDELS ]J

ownedController : Controller
inTask

:| outTask
I usedMsgHandler : MsgHandler |
[—| inTask tazkin skOut outTask |
| L
e i s _|
1
ownedBaseSystem : BaseSystem
inTagk :| putTask
[j-lﬂﬂﬂmlﬁtl‘—m[] outResource outResource
L
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We must be able to
precisely define what
flows on the
connections, and the
detailed structure of the
interfaces.

“Task” is used here to
represent both
“commands” to the
base system and
“event” messages from
the base system.
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DOMAIN SPECIFIC CUSTOMIZATION
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wblocks
wblocks ] Fab
DELS
parts . ablocks
ownedBaseSystem | BaseSystem FabBay
ownedController : Controller
references sblocks
usedMsgHandler : MegHandler o OHT
valpes
name : String A —— wblocks
Stocker

Tech

Georgia &

wblocks
Process
wblocks
‘T‘ wblocks
wblocks e FlowResource [ i
FabProcess
wblocks
L Viafer
wblocks ||step
step | =
wblocks
. " ProcessToolGroup
Maker groupTool |1..*
k1 wblocks
ProcessTool
wblocks
Mover k| ablocks
refersnoes OHT
isMovedBy : FlowResource [1..%]
wblocks
Store S ablocks
references Stocker
isStoredin : FlowResource

////// CREATING THE NEXT®



FAB DOMAIN DELS MODEL
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fabBay eblocks
xblocks ‘ 1 s FabBay
BazeSystem
blocks
e i fabOHT bk
maker : Maker [1..7] FabBaseSystem [ 1 “DEIP-I?I',&
mover : Mover [0..%] .
store : Store [0..7]
fabStocker blocks
1 3 Stocker

wblocks
Fab

pars

*~ownedController : Controller

ownedBaseSystem | FabBaseSystemi{redefines ownedBazesSystemi

&
FElerences

*usedMsgHandler - MsgHandler

“name : String
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FAB LEVEL ABSTRACTION

Georgia &

ibd [Block] Fab] Fab -I.e ch
inTask ] *ownedController : Controlier [ outTask
L " *usedMsgHandler : MsgHandler |
[jﬂmsk taskin :| taskout “outTask o
) *
1
ownedBaseSystem : FabBaseSystem
y Only one “bay” is
fabBay : FabBay [1.] ’
nTask 5 ownedContraller : Controller s d O n ’t C h a n ge t h e
e N e — — “oufTask
L fundamental
ey E— oufTask
structure
_[H inResource outResource [ youtResource
& fabOHT : OHT [1.7]
= putTask
“inl
“gutResource
“inTask fabsStocker : Stocker [1.7] “oyTask
“inResource inResource z y! “oufResource outResource “outResource
ol [ inReso ‘ Y |
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INTEL MINIFAB DOMAIN
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buffer
wblocks
T Tech
MiniFabPO wblocks
i MiniFabPO
wblocks —
i wblocks
MiniFabCellBase miniFabTech | MiniFabTech
ablocks = -
FabBay PO : OperatorPool [1]
Tech : OperatorPool OHT L
= OHT
X MiniFabMachine e —
1. |MiniFabMachine
cblocks
wblocks sblocks Fab
FabBase System MiniFabBase System ownedBaseSystem : Fahﬂueﬂﬁét:m:redefines ownedBaseSystem}
pars PErs
fabBay : FabBay [1..7] starts : Stocker

fabOHT : OHT [1..%]
fabStocker : Stocker [1..%]

outs : Stocker

OHT : OHT

PO : OperatorPool
Tech : OperatorPool
cell : MiniFabCell
cell? : MiniFabCell
celld : MiniFabCell

1

wblocks
MiniFab
Arls
ownedBazeSystem | MiniFabBazeSystem{redefines ownedBazeSystem)
ownedController . MiniFabController{redefines ownedController}

ownedBaseSystem : MiniFabBaseSystem

ownedController : MiniFabController
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PROCESS TOOL BEHAVIOR (10 STATES) Georg &
Tec
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Shutdown

when (when unleading complete}

— \ when (assignedTask not nully
| IdleEmpty J ) when (loading complete)

) N e
Loading =18

[task = run]

when (setup complete) [task = s¢tup] when (running complete)
|' ChangeOver | when (failureMode = 2)
exit / trigger fab coentroller for operator reassignment J

=

en (failureMode = 0}

when (assignedPO not nully

when (fallureMode = 0)

( EMidle )

when (failureMode = 1)

Unloading

—s{  Pudie _J

when (assignedTech = EM}

4" EMActive

PMActive J

wihen (assigngdTech = PM)
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OHT BEHAVIOR Georgia[&
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Task received

[ AddingTask

| entry / add to task list

Task igned

RemovingTask
entry / remove task from list

transportsActive

!! task list not empty AND idleTransportCount> 1" SelectingTransportTask ] DispatchingTransport

Dispatchidle l entry / decrementAvaillransportCount
\T

Transporting

Deadheading
entry / determine deadheadTravelTime

| CompletingTransport AcquireLot

entry / put lot ) e
exit/ incrementAvaiTransportCount | at (after transport time) | NIy / G110 )
do / compute travel time

at (after deadheadTravelTime)
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STOCKER BEHAVIOR Georgia
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PO completes unload

gettingFromPO |

|f gettingFromOHT ) OHT calls Get operation
| exit / update buffer state table }(

exit / update buffer state table |

Get operation completes ; : . Get operation completes
ﬁ idle F

Controller calls Put operation ‘ PO =tarts lnad

Put operation completes

puttingToPO |
exit / update buffer state table |

Put operation cpmpletes

( puttingToOHT
| exit / update buffer state table
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OPERATOR BEHAVIOR
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takeBreak()

Break1 |
do / determine breakTime |
takeBreak() | Break?2 |
¢ - Y moveTolcel)()
| e E : dle | do / determine breakTime |
| do / determine moveTime at (after moveTime}) .
setup() meet(} Meeting |
do / determine meetfTime |
load(}
| Setup | unlogd()
| do / determine setupTim |
| o S Unload )
|“:“:I fiiiemnte sl Tma | | do / determine unloadTime |
at (after pnloadTime) at (after meetTime) at (Bfter breakTime)
at (after preakTime)
at (after loadTime} - .\
| at (after setupTime) Updating |
exit / update machine, PO state data F’ )
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CELL CONTROLLER BEHAVIOR
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[get or put executed at buffer]

[no free operator] Idle
i [load complete]
P
[setup, unlodd, run, PM or EN complete]
— h
StartingMachine
do / start loaded maching process [dperatorassigned]
[no free operator]
[no free operator]
|f UpdatingBufferState | | UpdatingMachine State | | UpdatingOperatorAvail ]
| do ! update buffer table | | do ! update machine table | | do ! update operator table JE: s .
[free operator]
[no task avallable]
[free operator] | IdentifyingCandidateTasks |

[free operator]

do / determine all executable tasks |

|f SelectingPreferredTask |
| do ! zelect best tagk to execute next ‘

|' AssigningTask |

| do ! assign task to operator |
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MINIFAB CONTROLLER BEHAVIOR

[any buffer get or put] T

|’ ldle
[any load for unload co ] "

[any Jp&ratur task complete]

Georgia &
Tech|)

Gl

| UpdatingBufferState H“Updatingmtstatej | DispatchingOperator |

| DispatchingOHT ) ~ )
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SO WHAT?

Georgia
Tech

e This model captures all the (relevant) behaviors of the resources and the controllers

e Control decisions are described in terms of the behavior that implements them

* This model captures the events that trigger control behaviors

e The base system state model must provide the information needed by the decision
making function (decision support function)
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SUPPOSE WE WANT TO SIMULATE Georgian&
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Control System Model Base System Model

Monitor Event Calendar
Base
System
State Model Decision Resource

Support Model

“Other” Implementation Simulation Infrastructure

Autosched Automod
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SUPPOSE WE WANT TO SIMULATE

32

Control System Model Base System Model

State Model

The remaining challenge is to create a
control system reference model, with
generic components having well-defined
interfaces, so that particular decision
support methods can be encapsulated.
Then for a particular application, only
the decision support code needs to be
hand crafted. For standard applications,
even that might become library models.

Georgia ﬁ&
Techl|)

We have demonstrated, in
multiple domains, that it is
feasible to autogenerate
the simulation model of
the base system. What is
required is a set of
simulation components
that can be mapped to the
reference model, and
populated with instance
data.
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FUTURE WORK
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* We are doing this with Mathworks SimEvents and MATLAB (SimEvents permits
“MATLAB function blocks” which we use to implement the controller)

 Any DES should be able to provide the same access to an underlying programming
language and data space

* For a specific domain, e.g., wafer fabs, can we identify a set of generic controller
functions, and a generic schema for base systems state, so that libraries of DELS
controller components can be distributed?

e |f we can do this for analysis of operations management decisions, can we extend
these ideas to the interface between operations management and production
planning?

e Can we extend these ideas to the modeling and analysis of supply chains?

* Hint: the answer is yes

33 CREATING THE NEXT"



WHY WOULD WE WANT TO?
Tech

Gueorgiah[jﬂ
Because, whether we are designing conventional
control systems, or developing “intelligent
agents”, we will always need a “laboratory” in
which we can train/test our designs. Setting them
loose in the real world without such testing or
training is not a feasible option.
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Questions?
Comments?
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