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OpEMCSS Blocks:
Add On ExtendSim Library

* Blocks required to simulate interacting concurrent
processes.

* Blocks required to do evolutionary optimization of the
system design

— Evolutionary algorithm block can optimize architecture
component algorithms and methods used

— Classifier System block optimizes system control
decisions

* Blocks required to simulate motion and spatial
Interactions among a set of physical entities in the
system and its environment.
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Conference
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| & Types of Complex
] COnfEorence SyStem |nteraCtIOnS

e Process Synchronization

— One or more process instances must wait while
another process completes a task

 Resource contention

— One or more process instances must wait while
another process uses a resource

« Communication and adaptation

— One process instance sends a message to
another process instance that is then used to
decide an action

Simulation-Based Systems Engineering (SBSE) of
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Example Process to
Study System Interactions

f h'L -;..‘.b--‘
Coniference

T Al | A2
AND AND

B — C

A job request arrives every N units of time

 Tasks Al and A2 share resource A as noted by
same color

o Task B exclusively uses resource B
 Task C exclusively uses resource C
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Types of Complex

NEOmo= ]
: System Interactions
Conference
Resource
Contention
JOB1 JOB2 JOB3
Communication
And
‘ Adaptation
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| 2009 Context-Sensitive

Conforonce System Interaction
Stati?ic&
AGENT X | E—nd@}

Logic hezsage r

s

“ =5 )< es() |—< (e ~ - E—a )
tazk A el

—@ mm@{)} . ke %Q} ‘
Vi Prroiccss 3

Ep—m E=— : I }—C)

Process 2 task B assemble1 aszemble

Pr 4 Fotion

Direct Potion r
Action Logic [0 Decision — =
- _{ = _{ Potion
tazk [ wait for MSG 7
C55 decision _{ E
AGEMNT Y e
February 7, 2009 Simulation-Based Systems Engineering (SBSE) of

Intelligent Enterprises (IE)



s Inventory Model

Conference
5 _ IDIH
T W oo, BambamTisTIRg] e Thesnola [170 | -
- LatSize |144 |
2 ﬁctu:-n De:l::yﬁl
IEEI—@—{ B Statistics
Order Amival & =E|i@}
DRDER ARRIVAL PROCESS End
Ln:-;;||c:[:lmamt Lc-gn::ljlmc\:t Ection ’;::;m =E|O Logic}—ﬂ_.ﬂ
os— (@) (@ (D) s ol r
Wit for order yEit for Inw Ship Order ml =E|©
SHIP ORDER PROCESS Fesemble
. D”E'-""t ion umbers of Runs
EVOIUt|Onar Loglc n JI;‘Ztcisin:-n rr:quilr:l\ed fo: R
y @_< e (D | o o Bt
: Hiaft 1o Rapin Replenish I';tr:j:?rlit;aximum
Algorlthm INVENTORY PROCESS T TR A odar
. o o o Inwentory Co
B|°Ck' Evolutionary algorithms optimize system performanég™ ™ .
& e . . 3
| by searching the Threshold T and Lot Size LS space -
February 7, 2009 Simulation-Based Systems Engineering (SBSE) of 9

Intelligent Enterprises (IE)



Evolutionary Algorithm Searches
Threshold(T)-LotSize(LS) Space

ﬂ[S] Evolutionary Algorithm <=Opemcss?> — IEIILI
Fitness Equation | Display | Comments |
Can initialize up to eight attributes atthe beginning of a Functions by name | oK I =
tun based on an evolutionary algotithrn search for best
perormance. Functions by type | Cancel |
hiu 15 Lambda |5 Frohability of Recombination 0.3
Initial Sigma 30 Sigma Learning Rate a
Atribte |Thresh0|d _"LDtSize v"NUne _"Nnne .I
Through
pttributes  [MONE +|[Mane -][Mane +|[Mane B!

Compute population mermber fithess as a function of end block values MOE1-5.
¥ MOE1 | MOE2Z [V MOE3 [T MOE4 [ MOES [~ Real Atttibutes

MemberFitness = MOET - 10°MOEZ + MOE3 | _‘I
4
+- Range of Yariation 100 Runs/Evaluation 10 v blin T Max
50 I—S 250 Hep ] v | 397

« Black dots are population members
— Initial Sigma defines radius of search around each member

— Recombination of two population members can fill in search
space
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2009 Evolutionary Search Discovers
MOOmo- the Best Combinations of
EOIMIErEmE® Control Parameters

3 s F 1
100 4 % - 7 3 y 3 4000

500 - 20000
450 18000
400 16000
350 L 14000
300 M- 12000
' ; l '
250 Ak ! A1 _ I Y; |' _IF{““ “ . | 1000 resheldT
Sl BRI S | IR0t | nl : { "'I o TEtotsien
200 00 . A ; ' BB 2000  —a—Fitness
5 | 1 ] o
: b e v ! : v e .’-"'F“ - -1 | .
150 S Lt | & ! 5 5 ,.—- "'!ri'i‘lli'ilh' Lr z_llr i Fli 6000

50 + 2000

0 0

1
27
53
79

105
131
157
133
209
235
261
187
313
339
365
391
417
443
469
495
521
547
573
599
625
651
677
703
729
755
781
207
833
859
885
911
937
963
989

February 7, 2009 Slmulatlon-Baseq Systems En_glneerlng (SBSE) of 11
Intelligent Enterprises (IE)



WkFRPRFPWEFEWDNDNDWPRE

. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:
. Member Weights:

201 128
242 122
180 118
183 117
276 137
201 133
276 138
199 127
200 134
279 136

Sample of the Best
Solutions

Fitness:
Fitnhess:
Fitness:
Fithess:
Fithess:
Fithess:
Fitnhess:
Fitness:
Fitnhess:
Fitness:

6472.5112242583
6520.1786541715
6652.7096144387
6657.07/77128067
6666.3588833294
6669.0098671138
6695.1668568422
6840.8103452362
6886.4674095958
6972.072228327
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— Fithess Surface:
Conference Inventory System

S000 -r""

8000 -
7000 -

6000 A

Fitness 5000 1

4000 -

3000 -

2000 - 250

1000

200

Threshold

295 100
Lotsize 250

February 7, 2009 Slmulatlon-Baseq Systems Er!glneerlng (SBSE) of 13
Intelligent Enterprises (IE)



4 fjraneus- Intelligent Enterprises

- -b--‘
Conference

» Collection of projects where each project
takes requests and returns artifacts (value
carriers)

— Co-Align projects: Rewards received are
allocated using an enterprise model to maximize
ROI

e Hire / train workers

* Purchase equipment
 Build new facilities
 IR&D
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Jack RIng’s
Coniference Seed H Olon
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s Features of IE Model

- -b--‘
Conference

* |E operates In a dynamic external
environment

— Changing business situations
o Competition with existing products / customer services
« Opportunity for new products / customer services
— Changing customer preferences
e Product value to customer
« Customer satisfaction

— Intelligent agent will learn to recognize situations
that require co-alignment

Simulation-Based Systems Engineering (SBSE) of
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x Features of IE Model
] COnforonce (Continued)

 |E operates in a dynamic internal
environment

— Deciding when to train workers

— Allocating shared workers and resources
among projects

— Intelligent agent will learn to recognize
Internal situations that require co-alignment
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Features of IE Model
il Conference (Continued)

e Projects in model
— Staff / capability development — Hire and train workers
— Infrastructure development — Acquire resources / facilities

— Business development — New and modified products and
services

— Sales & account management — Budgeting and production
qguotas

— Product development and introduction

— Production and logistics — Manufacture products and
maintain products at customer locations

— Customer & contract services — Evaluate customer
satisfaction with products and services

Simulation-Based Systems Engineering (SBSE) of 20

February 7, 2009 Intelligent Enterprises (IE)



Project Plan for IE
Modeling and Analysis

- -b--‘
Conference

 Complete model:

— Model all project thread types that accept
requests and produce artifacts
— Model shared resources and workers
« Within same project
« Among different projects

— Model each situation event and proper
project threads
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PG z00e Project Plan for IE
£ ma Modeling and Analysis
=il Conference (ContinUEd)

« Verify model is correct

e Determine optimal number of each worker
type and resource type for initial operation

e Demonstrate that situation events cause
oroper worker or resource changes

 Demonstrate that situation events cause
oroper addition of new products and other
product changes.

Simulation-Based Systems Engineering (SBSE) of 29
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Other Continued IE

Research

« Will also continue to explore behavior of an IE

that performs SE
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* | bt Summary

-
e
Conference

« OpEMCSS is a simulation tool that can meet
all IE modeling requirements

— Complex system interactions
— System design optimization
e Described a generic organization as an IE

— Environmental situations drive |IE behavior and
adaptation

 Have begun model development of the
generic |IE
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