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OBSERVATIONS

* When we discuss the “reality”, we are using

Georgia &
Tech V|

models, so we can really only discuss models

* The moc
® Reality ¢
* The moc

nanges, so the model must change

el does not have to be (should not

be!) the same as the analysis

* Analysis

* \We want this to be “routine”

IS in service to decision making

and execute the analyses!)

el is not the reality (“all models are wrong ...

")

(we know how to formulate



PRINCIPLES Georgia |

* MSC must unambiguously describe structure,
behavior and control

* We must be able to detect changes in SC and reflect
them in MSC (impact of accurate, r/t data ...)

* MSC should be the reference model for all decision
support analyses

* We should be able to generate any routine analysis
instantly and at zero (variable) cost and translate
result into executable decisions

® Analysis results must be presented in the context of
executable decisions



SO HOW SHOULD WE CREATE
THESE “REFERENCE MODELS"”?



TWO FUNDAMENTAL QUESTIONS Georgia |

* What tools should we (can we) use?
* How should we use these tools?



We spent years searching for a perfect discrete event logistic system model:
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* Product development
* Some elements of post-delivery customer support




KEY ENABLER: SYSML Gogegta |

OMG SysML™: Systems Modeling Language

1 L[] Stru Ctu re sd ABS_ActivationSequence [Sequence D\agram]) 2- BehaV|or
bdd [package] VehicleStructure [ABS-Block Definition Diagram] § - §
stm TireTraction [State Dlagramy interaction
«block» block «block» §
Library:: “blocio Library::Elec act PreventLockup [Activity Diagram] ) state
Electronic 32::;;?; tro-Hydraulic .
Processor Valve i machine
ibd [block] Anti-LockController
d1 [Intemal Block Diagram] @ activityl
«block» - DetectL ossOf ) Modulate function
Traction d1:Traction [ Traction TractionLoss BrakingForce
Detector N c1:modulator Detector
interface
a egs m1:Brake
definition use Modulator v
req [package] VehicleSpecifications | | | N e __
[Requirements Diagram - Braking Requirements]
: par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagramy
Vehicle System Braking Subsystem
Specification Specification
:BrakingForce : :Accelleration
«requirements «requirements» Equation - Equation
StoppingDistance Anti-LockPerformance [f = {tFbh)*(1-41)] - [F =ma]
id="102" id="337"
text="The vehicle shall stop text="Braking subsystem shall
from 60 mph within 150 ft prevent wheel lockup under all
on a clean dry surface.” braking conditions.”
T
f'.\ : :DistanceEquation [ | :VelocityEquation
: | [v = dx/dt] : [a = dv/di]
I «derveReqt» l
_______________________ o4

4. Requirements 3. Parametrics



FOR EXAMPLE Seqin)

Warehouse functions (functional design) Resource capabilities (operations)
Warehouse resources (embodiment design) Activities (transport or order picking)
Warehouse systems (embodiment design) Interactions (among system components)

Key point: One model integrates all four aspects
(and it can support execution/computation)

Mostly needed for traditional SE Structural parametrics (size, speed, relationships)
project management Behavioral parametrics (dependencies)
Analysis parametrics (system rollup, queuing, etc)



THE BASIC IDEA cogt

derated-Model

Excavator Domain Models

Use DSL to create F
“federated” model of a
problem of interest in the

domain (user model)
>

Federated Excavator Model

Federated Factory Model

Use SysML to (pive]
create a domain Use mode
specific language transformation to
(meta model) generate decision
support models
S etk (instance model)

To support stakeholder

A Domain: o decisions in the domain
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A USE CASE: SC DESIGN Geguaia)

=

250

« Many locations where loads
originate or terminate

* Many possibilities for distribution
center locations

« Many possibilities for fleet
configuration at each DC

« Want to guarantee delivery lead
time

* Uncertain pickup/drop rates at

% 50 100 150 200 250 each customer

200}

150+

100+

S0

If you care about both cost and service level, how many DCs should you have,
where should they be, how should you configure each DC’s vehicle fleet, and
how should you dispatch vehicles?

Not just an optimization problem, because of control and uncertainty.

Not just a simulation problem, because of facility and fleet configuration
decisions.



NETWORK META MODEL Georgia

ch
+nestedNetwork | : S
5 5 0.1 | «stereotype» : : :
; ; oy +parentNetwork
+parentNetwork | - . _ :
: : : : o [ClasseMedel] | : :
: +parentNode 0 1 +node|1..* ' ' ' ' : ' +éd‘ge &

«siereot pe» E+end:point5 +in6identEdge [ «stere.c-)type»

[Assoc;ation Class]
+we|ght Real [0 1]

- 0. 1 +relationshipEdge

' +label - String [0.1]

- +parentNode 0..1

+interface |*

*f - +-ﬂdwcarfyingEdge ; 4

«slereetyeg . : : : | «stereotype»
1 §+targ_etlnterf-ace . +|ncomingFIowEdge FlowEdge
[Class, ObjetNode, Port] |1 %

It f ” t fl Ed _ [ActivityEdge, Association, Class, Connector]
+consumphon BlllOﬂ'okens [0. 1] Sourcener ace ou gomg OW ge

+production : BillOfTokens [0..1] |1 ; ; : : _ :*
| +nestedNetwork [0] | . .

ﬂowTypeAIIowed TokenType [*){or c*a red)
; +flowAmount: Real [*] = 0.0{crdered}

- | +flowCapacity: Real [*}{orc!ee’ed}

| +grossCapacity: Real [0..1]

- | +flowFixedCost: Real [*] = 0.0{ordered}

| +flowUnitCost : Real [*]= 1.0{ordered}

. | +endpoint [O}{redefines endpoint}

.| +capacityUnits : String [0..1]

An example of a “meta-model” defining the semantics for creating an
iInstance model of a particular (abstract) network.
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SC META MODEL ELEMENTS

«Flow Netw ork»
Supply_Chain =

CﬁstomerSef

-Perfect_Order_Fulfilment
-Total_Operating_Cost
-Fixed_Operating_Cost
-Variable_Operating_Cost

e

«Flow Node»
Customer

Georgia A

Tech
Or.igin . H_O' dﬁceé «Token/.\ggregatlon»
= P Shipment

Location : Real [2]
/ConsumptionProfile : Commodity [1..7]

~ |/ProductionProfile : Commadity [1..]

Destination Consumes
-

A B O T

CommoditySet [1..*

«Token»
Com modity

" | Origin : Customer [1]

references

commodity Set

attributes
-Route : Transportation_Channel [1..]
+Start_Time : Real
+Due_Time : Real
+End_Time : Real

Destination : Customer [1] |1

«Flow Node»

T . DepotSet1.* -
«Flow Netw ork» «Flow Node»
Transportation_Subsystem = Storage_Subsystem
Transportation_Cost Location : Real [2]
Total_Operating_Cost Fixed_Cost : Real
Fixed_Operating_Cost
Variable_Operating_Cost tﬁ
TranSpor'tatithetiﬂ..* " ResourceSet[1..*

«Flow Edge» «Token» i
Transportation_Channel Transportation_Resource |’
origin : Point attributes
destination : Point -Total_Operating_Cost
Capacity -Fixed_Operating_Cost
ShippingCost -Variable_Operating_Cost
ShippingDistance -Capital_Cost

Depot

values

Quantity : Integer

Using the meta-model concepts (e.g., <<Flow Network>>, <<Flow Edge>>, etc.)
to develop a “domain specific language”, with semantics that are easily
understood by the domain experts and stakeholders

15



TRANSPORT CHANNEL BEHAVIOR Gograia

(acl [Activity] TransportationChannel ACT[ Trmsporl.ationchannei_.&c'r),]
Shipment[1..7]
wTokend ggregations uStorageProcessy { wSupporifrocesss i «MoveProcesss | f wSupportFrocesss «TokenA ggregations
IN_InboundShipment : Shipment — — inboundQueue 2 loadinboundResource ” inboundTransport J * unloadinboundResource TR ——— OUT_InboundShipment : Shipment
{stream} g {stream)
| e —_ /‘ : Transportation_Rescurce[1] |
«Tokens - / R «Tokens
IN_InboundRes ource : Trans portation_Resource / 2 OUT_OutboundResource : Trans portation_Resource
{stream} f-"f | {stream}
T T
«Tokens ,." [ wTokens
QUT_InboundRes ource : Transportation_Resource f IN_CutboundResource : Transportation_Resource
{stream} -"f | {stream}
G__‘______‘- ,."r P
«TokenA garegations ~—fif Trarspociaion Rasairoai1] sSupportfrocesss [l [ gioragaProcesss «TokenAggregations
OUT_OutboundShipment : Shipment Shipment[1.."] —{ aSupportProcesss ) { eMoveProcess» ). | loadOutboundResource [ outboundQueue < IN_OutboundShig t : Shipment
{stream} unloadOutboundRes ource Z outboundTransport {stream)

|

For this to work, we have to be precise—the system instance model
cannot be ambiguous, because that will prevent reliable transformation
to analysis models.

16



SC “OBJECT” REFERENCE MODEL Georgia |

®* |Includes slots for source-sink flow network

* Includes slots for transportation network

* Includes slots for depots, fleets, and vehicle
dispatch control

® Create an “instance” of the supply chain
“object” which contains all the information you
have for a particular supply chain design.



HIERARCHICAL DESIGN ANALYSIS Gogrota

«structured»
Depot_Selection

candidateDepotSet : Depot[1..%]

DELSZMCFN | mcrn MCFN_sol i .
candidateTCSet : Transportation_Channel[1..*] Y 5 MCEN Solve s MCFN2DELS N, SupplyChain : Supply_Chain[n]
Supply Chain : Supply _Chain[1] L 7 J
! CPLEX
\[ «structured»
Supply Chain : Supply_Chain[n] Pacnurce_Selection
\ Generate_LoRes DES S'Tulation

(MCGA_Solve ; N SupplyChain : Supply _Chain[nxm]

* candidateResourceSet : Transportation_Resource[1..%] —

DELS Model Library OO DES Generator

«structured»

SuppyChain - Supply_Chainnxni Control_Policy_Selection

"\ | Generate_HiRes_DES dmmation--Evaluale. - , SupplyChain : Supply_Chain[nxmxc]

candidateControlPolicySet : Policy[c]

DELS Model Library QO DES Generator

Each analysis “conforms” to the supply chain reference model, thus works for
any “instance” of the supply chain object.

18



STRUCTURE: DEPOT SELECTION VIA MCFN Gegrgia |

+nestedNetwork .
0.1 astereotype» - :
. e tw : Network +parentNetwork
-+parentNetwor
P O [Class, Model] |+
+pa‘rentN0de 0.1 +node 1.__'*t : +édge %
«stereotype» +endpoEnt +ﬁnéidentEcﬁge «stereotype»
Node > : : P Edge
[Class] [Association, Class]

+label : String [C;H’I] +w9|ght Real [0..1]

+relationsh rpEdge .

+parentNode [0..1 . S0
“+interface |* : ; : . +-ﬂowCarrylngEdge o
«stereotype» stereotypen
FlowNode +target|nterface +|ncomrngFIochfge FIowEdge
[Class, ObjectNode, Port] l - o El Ecﬁ [ActhltyEdge Association, Class, Connector]
+consumption : BillOfTokens [0..1] S LilLaliing QUGN g g +lowTypeAllowed : Token Type [*]{ordered}
+production : BillOfTokens [0..1] 1 d . | +flowAmount: Real [*] = 0.0{order ew,

+nestedNetwork [0] - | +flowCapacity : Real [*]{crdere

" +grossCapacity: Real [0..1]

- |+flowFixedCost: Real [*] = 0.050’06"6::}
+lowUnitCost : Real [*1= )

. |+endpoint [0]{redefines e

+capacityUnits : Strlng[O 1] i

» Aggregate and approximate the flows

and costs ad

» Solve MCFN using a COTS solver

(CPLEX)
* Apply a “leave one out” strategy to 00|

generating several feasible candidate

network structures. 50 |
* In this case, generate 5 candidates

Goal: Reduce the
computational requirements
of optimizing the distribution
network structure.

Strategy: Formulate and
solve a corresponding multi-
commodity flow network and
facility location problem.

50 100 150 200

=

250



BEHAVIOR

RESOURCE SELECTION Ge%;%ﬁ&@

* For each candidate
supply chain network
L ; structure, generate a
: portfolio of solutions to
Tansparation Chael the fleet sizing problem
i ki » Trade-off cycle
time/service level and
resource investment cost

Depot_10 to Depot_9

Customer_1

Transportation Channel 1

Customer_2 Transportation_ Channel 2

Transportation_Channel_3

Transportation_Channel_§

Depot 9 to Depot 6

o8 sosteee sesecets S5 80 02 s @

Transportation_Channel_4

e
©

Transpertation_Channel_7

e
o]
T

e
~

Customear 5

Transportation_Channel_5

e
o

Goal: Capture and evaluate the behavioral
aspects of the system using discrete event
simulation.

= Cycle Time < 24 Hours
e o o
w S [6)]

Service level :
o
Mo

Strategy: Generate a DES that simulates a
probabilistic flow of commodities through the R T R
SyStem_ Transportation Resource Investment Cost x10%

o
N

o



CONTROL: RESOURCE ASSIGNMENT

e .
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N T

Release Gate

. 18

OUT_1

Resource Investment Cost

1

Releasgesource_alloc |

Control: Resource Allocation
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Cycle Time < 24 Hours
o
[=2]

Service level :
o
N

Service Level vs. Total Distance Traveled

Georgia &
Tech|)

Goal: Select and design a detailed specification
of the control policies for assigning trucks to
pickup/dropoff tasks at customers.

Strategy: Generate a high-fidelity simulation that
Is detailed enough to fine-tune resource and
control behavior.

Generate a Pareto set of solutions that trade-off
Service Level, Capital Costs, and Travel Distance

Service Level vs. Resource Investment
L

- - oS SUEIPSS S8 & & g 1 - ® WSt WO MBRS ® o
I"' o .I
* &
N o8- .
v
©
E
=06-
o
(8]
>‘ L ]
L]
(,',) 04- »
o L 4
E [ 4
& .
B 025 =
o ¢
P v
[«5]
. . n o . . . . . .
2 3 4 5 6 0 2 4 ) 8 10 12 14
Total Distance Traveled x10° Resource Investment Cost =x10%



KINDS OF RESULTS

Cycle Time < 24 Hours

Service Level :

e
(=]
T

=
[
T

e
[22]
T

<
(2]
T

0.4

0.2

Oa

'Y R ee®

1
1.5

1 1 1
2 25 3
Resource Investment Cost

1 1 ]
35 4 45
%10

Georgia |“|
Tech m

=

These are Pareto optimal designs
Decision makers make trade-offs
Hundreds, perhaps thousands of
simulation runs, with varying depot
location decisions, varying fleet
configurations, varying control
policies—all generated
algorithmically



VISUALIZATION CHALLENGES
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WHAT IF? Georgia |

®* You want to look inside a node and evaluate in
more detail how it will perform, i.e., you want
to model its production processes?

®* Flow nodes can nest a flow network
* Need additional semantics

— Underlying network structures

— Semantics for product, process, resource, facility
— Semantics for control



DEFINE “

Part

serial number : String [0..1]

part number : SKU [1]

footprint : Size

mass : Mass

part master : PartMaster [1]

parent part : Part [0..1]

ingredient part : Part [*]

routing : Routing [*]

process plan : Manufacturing Process Plan [1]

RODUCT”

subFeature

has feature Feature

|Design Feature| ‘Manufal:turing FeatureL

Negative Feature

Blind Feature

Through Feature

|Blind Pocket |

|Blind Slot | Boundary Through Feature

|Blind Bevel | |Blind Revolute |

Complex Edge Feature

Interior Through Feature
7

Chamfer ﬁ

|Thmugh Hole ‘

Through Screw Thread |

vy Through Feature - Complex ‘

|Blind Complex Pocket | nd Hole ‘ |

Blind Screw Thread

| Boundary Through Feature - Linear |
Blind Linear Pos

et

Positive Feature

Through %oqlplex Boundary

Thrang\h Linear Boundry
~

~
~
~

ISSUE
These subclasses need more thought

:

|Straigl|t-angle Bend | |T||be Bend |

and careful definition.
oo
For example, is a THROUGH HOLE a
negative feature, an assembly feature
used for joining, or both?

Enlarged Access Hole

Piloted Holes

A y Feature
n
n
|FlangeWeId|| Plug Weld | |BackorBack|ngWeld‘ |5eamWeId| ‘SnrfacingWeld‘ |5IotWeId|
|FiIIetWe\d| |SpotWe\d| Groove Weld

‘SlndWeld|

|Projection Weld |

What about:

- cold-working holes
- annodizing parts

Corner Weld

|5q||are Groove Weld ‘ ‘Bevel Groove Weld | |I.I Groove Weld |

‘ Flare V Groove Weld ‘

- sealing a wing structure for fuel

|Sc;arl Groove Weld | |V(srouve weld ‘ |.| Groove Weld |

|F|are Bevel Groove Weld

25




DEFINE “PROCESS”

Manufacturing Process Plan

cost:
fime :

Real [0.1]
Real [0..1]

parentProc |*  nestedProc

#*

op [1.* parentOp|0.1 opB

wenumerations
DependencyTypes

S5 (Startto Start)
SF (Start to Finish)
FS (Finish to Start)
FF (Finish to Finish)

SequencingDependency

*

type : DependencyTypes
TZ2minusT1offset : Real [0.1]

Assembly Order

—k

assembly order

Control Point

Manufacturing Operation opA
cost: Real [0..1] *
time : Real [0..1]
Work Order |5 authorized by authorizes Job job work instruction
i 1"* 1 1
Fas

Work Instruction

26



DEFINE “RESOURCE”

Resource
properties
/utilization
i
Equipment  |operatorOfEquipment

|tran sformi()

J Material Handler ‘

load()
unload()

a3
_| Material Processor Fl—';
‘q_r\—‘

| |materiat Transporter !

|mnve()
| Buffer storage |
[store()
Tool operatorOfTool
Fixture

Instructions
properties
utilization [0]
Fa

Work Instruction

Machine Program

operator

Operator

*
operator

*

Authorization

properties
utilization [0]

| Vertical Band Saw |

LL Rotate Blade()

LL Change Blade Speed()
LL Change Guide Depth()
LL Clamp Part()

Straight Through Cuti)
Curved Through Cut()

Turret Mill

LL Rotate Spindle()

LL Change Spindle Speed()
LL Move Table LeftRight()
LL Move Table ForwardBack()
LL Move Table UpDown()
LL Clamp Part()

Straight Interior Pocket Cut()
Curved Interior Pocket Cut()
Fillet Interior Edge Cuti)
Round Exterior Edge Cut()
Step Exterior Edge Cut()

| Forklift

L_ [Move ForwardBack()

Steer LeftRight()
RaiselLower Fork()

ResourceGroup

canProduce ; Feature [*]

Process

Georgia
Tech

=

BandSaw_Operator Instructions

Through Cut Straight(}
Through Cut Curved()

equipment | Equipment
tool Tool
fixiure | Fixture

%

instruction | Instructions

&

operator

&

Operator

authorizalion | Authorization

*

CanExecute

CanBeExecutedBy

ResourceGroup

N I

Capability

values
existence : Boolean
availakbility
capacity
performance

*




DEFINE “CONTROL”

Ge ia ”
%g%h@

Level 4 4 - Establishing the basic plant schedule -
Business p|anning production, material use, delivery, and shipping.
e Determining inventory levels.
& Logistics
Plant Production Scheduling, Time Frame
Business Management, etc Months, weeks, days, shifts
Level 3 v
3 - Work flow / recipe control to produce the
Manufacturing desired end products. Maintaining records and
y optimizing the production process.
Operations Management
Dispatching Production, Detailed Production / Time Frame
Scheduling, Reliability Assurance, ... Shifts, hours, minutes, seconds
Level 2 2 - Monitoring, supervisory control and automated
Manufactu ring Control control of the production process
L 11 Basic Control, Supervisory Control,
eve Process Sensing, Process Manipulation,... 4 1 - Sensing the production process, manipulating
the production process
Level 0 0 - The physical production process




FUNCTIONAL SPECIFICATION OF DELS CONTROLLER GeQrggﬁ&

If the ISA-95\L3 architecture is going to be implementable, it needs to be generic.

Controller
. . Decision Support
Decision Maker PP
Question.-J*|  Formulation
— System i i ’,,»"'/ Problem
S o] (Monitoring | J,Deﬂnmon
© | 1  }ee N
O’ : System Optimization
0 Control Execution State
®© - e Problem
Action Solution
.‘L“‘nuh 4
answer 171 Implementation




METAMODEL OF OPERATIONAL CONTROL Ge%;c'ﬂ@

This research lives at the interfaces with many other disciplines, and it cannot be done
without integrating ideas from all of these communities: IE, OR, SyskE, SwE, CS.

Controller

. Decisigiglumimant
e Contracts for Services (WSDL) DeC|S|0n Ma ker * Strategy Pattern

e Contract Net Protocol « Event Definition Language (EDL) Questions -
Formulation

e Run-time Verification

— : : Pt Problem
3 """""" Monltorlng [ Definition
D e L — | A 4

m . ° Event Definition Language (EDL) . . .

EIJ-'  DELS DSL (PPRF) ) Optlmlzatlon
o S, Control __ xecution —

0 iSOIution
 Production Rule Systems "---
« Call-behavior & system * Finite State Machines .
2 ctuntars Implementation

* ECA Rules and Policies
e Policy Definition Language
e Process Specification Languages (Plans)




CONTROL QUESTIONS Georgia |

Control questions provide a mapping from a formal functional definition of
control activities for DELS to formal (math programming) analysis models.

D E I_S Gpaecai
o Trajectory
ntroller ’

Decision Support

Question. - Formulation
e a2t Problem

= Feedback | b———— | . Definition
““““ ™ Optimization

Solution

Action

Answer

5 A A 3
/ 1 1 N
< & i W) SR
KX 7 IS c o RG
& T .80, =l 7
s J 4 @A ol 3 [
¥ g B gs .
I I
’ & ; ‘\

* Which tasks get serviced? (Admission/Induction)

 When {sequence, time} does a task get serviced? (Sequencing/Scheduling)
* Which resource services a task? (Assignment/Scheduling)

 Where does a task go after service? (Routing)

* What is the state of a resource? (task/services can it service/provide)



SEPARATION OF PLANT AND CONTROL ~ Gegrgia )

The prevailing paradigm in the literature neglects to separate the model of the plant from
the model of the control of that plant:

Canonical Control CO nt ro I Round-trip analysis

Questions Question -> Answer methodology

—

A

System

i AT Action = f(state)

P I a nt DELS domain

specific language

TFN + P/P/R/F

32



KEY LEARNING

Need “concrete” modeling
for acceptance by domain
stakeholders

Need “abstract” modeling
to support modeling
automation

A consequence of the
need to be simultaneously
abstract and concrete is
that no perfect generic
DELS model exists. Any
simulation-generation
strategy must
accommodate a variety of
system models, each of
which may regularly
change and evolve

Question1

Questionn

Ge ia A
eon!

Tight coupling between analysis-
generator programs and any
concrete system model will not
scale nor justify the investment.

_.-_-'-u\

System Model‘-’\ \

B8 rpénufactunng ]
E-H b 1
[#- = time-mean : EDouble V

=~ E Operation -> Job
@) Job
[+ =* parentJob : Job

5
+

h

+
&
i
+
H
+)

+

[#- = time-stdev : EDouble
] = time-units : EString
153 componentOperation : Job

&% requiredRawMaterialTypes : EMap<Ra
&% requiredPartTypes : EMap <PartType,
6% requiredWorkOrderTypes : EMap<Worl
&% requiredMobileResourceTypes : EMap<
o= resourceTypesAssembledIntoOutput :
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We solve this problem
by introducing a
bridging abstraction
model, one of our
biggest innovations.
It’s an abstract model
capturing the
underlying
commonalities of all
DELS, and is robust
and stable enough for
analysis-generator
programs to rely on.

Question1

Questionn

AN
v

System Model \

= # manufacturing
2B b
#- = time-mean : EDouble
#- = time-stdev : EDouble
{2 time-units : EString
* componentOperation : Job
[ &% requiredRawMaterialTypes : EMap<Ra!
% requiredPartTypes : EMap<PartType, |
| B 3% requiredWorkOrderTypes : EMap<Worl
[#- 5% requiredMobileResourceTypes : EMap<
- & resourceTypesAssembledIntoOQutput ¢ |
¥ & resourceTypesDisassembledFromInput

= H Operation -> Job

[ &3 successorJobs : Job
@ Job
[#- = parentJob : Job

Very Loose

th'ng

Tight
Coupling

IS

Analysis 1

Analysisn
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ONE IMPLEMENTATION

1) DELS conceptual
model in SysML

=<<conformsTo>>

SysMLADELS

i <<conformsTo>>

DELS User Model

i <<conformsTo>>

Instance Data
In RDB

Mapping

Mapping

: <<conformsT

0>>

i <<conforms]

Transformation

0>>

2) Intermediate
model in MATLAB

MATLAB4DELS

MATLAB User
Model

objects

: <<conformsTo>>

i <<conformsTo>}

: <<conformsTo>>

MATLAB persistent

~

Ve

Bridging
abstraction
and “factory”

3) DES Model in
SimEvents

i<<conformsTo>>

Mapping SimEvents4DELS

i <<conformsTo>> i<<conformsTo>>

Mapping DELS Model Library

i <<conformsTo>> :<<conformsTo>>

~/

: Simulation
Transformation
Document

To accomplish the transformation seamlessly, we need three things:

1. Relational Database (and instance data) that conforms to Reference Architecture (SysML)
2. MATLAB class definitions (classdefs) that conform to Reference Architecture (SysML)

3. SimEvents Model Library objects that conform to Reference Architecture (SysML)
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ARE WE THERE YET? Geguaia)

=

We need “standards” for a DELS reference model, or DSL

We need to elaborate the bridging abstraction so that it's complete and
rigorous

We need a better discrete event simulation platform, because no COTS tool
IS up to the task of modeling & simulating control processes

BTW, we need more than simulation

We need a common s/w platform so that we can collaborate on achieving
this-vision (as you find in the optimization world)

We need to focus on “round-trip analysis”

Scott’s right—we need test suites
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