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side with Domain Experts
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Simulation Engine
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crete Specification
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= High Performance
- MPI Parallelism

® MUltI-COFE/ HPC SingIWokstation

Simulation Software

N-ABLE™ Classes

R bl ‘ AgentLib Classes
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______ Purchase

Agent A: Plan daily production

Agent B: Ship Order

Agent B: Respond to price inquiry

Agent C: Receive shipment
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Object Structure / Define File

XML Model Specification,
del Simplified Snippet

= Modular design allows pluggable strategies

<Locati

leepPeriods/>
n longitude="-35" latitude="30" />
<InvBasedProdManager>

commodity="Chem A"/>
r conmodity="Chem B"/>

Chemical Plant
Economic Agent

Buyers / \
Productions
<Input commodity="Chem A" amount="0,7"/>

l <Input commodity="Chem B" amount="2"/>
<(utputs>
<Output commodity="Chem C" amount="1,5"/>
é <Output commodity="Chem D" amount="1.2"[>
</Qutputs>
> ) </ProductionRecipe>

maxDailyBatches="30" label="pi">
<ProductionReciper
<Inputs>

</Producer>
</Productions>
<Producti i
<Links>
<Link to="p2" from="pl" commodity="Chem D"/
<Link to="p3" from="pl" commodity="Chem C"/

b

Warehouse

U.S. Department of Homeland Security - e : .
Science and Technology Director - B ll'l‘] Sandia National Laboratories

b

</Links>»
</ProductionChain>
vBasedProddanager>
nitialStocks

<Stock minficceptable="100" maxCapacity="3000" commodity="Chem A" amount="500"/>
<Stock minfceceptable="300" maxCapacity="5000" commodity="Chem B" amount="1000"/>
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Model Builder

Chemical
Database
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Model Builder \
m Modular Processing Pipeline Transportation

Configuration

- mTurns CDEMjEIamto N-ABLE™ |  Fie V—l
model specification

Chem Plant Agents

m File-based Configuration Surrogate Agents

Post-Processing

Versioning

m Captures Version Info

- Software versions Surrogate J . @
Viz

KML

- Data versions Model J

Specification
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Model Builder

® Input:

High Solids

- Starting chemicals Emuision | 1Step
- # of Steps ;
m Output:

- Chemicals and Processes
connected to starting set

Peroxidation

- List of plants that utilize
the processes
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Model Builder

<?xml version="l.0" encoding="UTF-8"?>

<modelbuilder-ccenfig>

<1

Database settings
Chemical graph traversal settings

Simulation duration, snapshot settings, etc. Chemical Demand, Spatlal Clustering

<t

Buyer/Sellerexceptions
Plant Agentbehavioral settings

ClusterSuriopateslis:a%)

, ClusterSurrogate-2/(14.4%)

o SURROGATE CONFIG ol 2 7 R eienliz am) : ; ‘A . ' D) Clusters Uiogated(o.1%)
Supply/ Demand augmentation
Surrogate Agentbehavioral settings

gate-5/(9.3%)

TRANSFCORTATICN

| ClusterSurrogate-10/(5.0%) |

Network or simpler “straight line’ shipping
Network settings (rail, truck, water, etc.)

</modelbuilder-config> ;
bA 9 flo2

© 2011 Eutopa Technologies

A d ng) 2011 Google

b SIOLINGAA, Uis. Navy, NGA, GEBCO PP |
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Simulation Engine

Simulation Results

Model
Specification /\

~_

N-ABLE™
Database

ﬁ Java User Interface

Chemical
Database

Model Builder

N i U.S. Department of Homeland Security

Science and Technology Directorate @ Sandia National Laboratories




User Interface

m Portable Java code run via

- Pre-sim Model Building and Analysis Webstart
- Post-sim Viz and Analysis m Supports both 2D and 3D
- Simulation Archiving, including visualization via OpenGL

Baseline/Disruption management
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User Interface: Pre-Simulation

*1

Overall Market Statistics Geospatial Agent View Markets Tab <

— |
e —— [X] N-4BLE 36 - Microeconomic Analysis Suite | [len/Developer Esibon IR P

-ABLE Agvanced

[ GIS Data Viewer | [Tl N-ABLE Simul [T My Analyses

View Existing ll-ABLE Model, 525 - Run
2 Model View

Define File

Run 520 with chem and firm names obscured <option> O Alfirms | Disrupted | Undisrupted

emmosity Marets | Snipping Component Masets | Shipping Components

it GlobalMarke; » W=7 Get snapefile Import 15 08

#Conse . wPRG Sepply  Demans SO
Chemaz [T 1 10 110, £ EED
#teatures
Chem2e T o 119 & 5 s
T 9 CEE] a7
i a 120 43
[ a B e 3
2 [ o7 701
e E) 2 78|
. e 0s 033 [E
Ignore internal uie Sslect Al (alid and invalia) v
e

Dalete sslested category

H-ABLE v3.6 revision Local Build
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User Interface: Pre-Simulation

Plant Production
Process Checks

Firms Tab

N-ABLE Advanced

My Analyses

- @asmvwd@uﬂu

g N-ABLE Model | 525 -Run .

2@ Model View

Define File

Run 520 with chem and firm names obscured rupted () Undisrupted ‘

Check Throughput

Only bed firms

lgnore Production Chains | o — 531,931 Name: Commedity: | <show &l commedities> nly disrupted firms

Gommodity Flows

Hame # Productions. . Disuptiens Snapshat?. Freblem Mazx Capacity LF Solutien LF % of Mex Min LF Salution

Firm 128 4 e - 2,0817] 2.061.7] 100.0%| 138.8) & Inclusions
Firm 137 A ltue - 20203 2,025 100.0%| 127.8)=|
Firm 140 A ltue - 1148.3] 1.148.3 100.0%| 111.5)
Firm 142 A ltue - 32004 2.200.9) 100.0%| 6529
Firm 143 A ltue - 29373 29278 100.0%| 597.7|
Firm 124 A ltue - 30853 2.922.4 095.0%| 2577
Firm 145 A ltue - 1110 1.110.8 100.0%| 1174
Firm 148 A ltue - 15799 1.579.9 100.0%| 2054
Firm 134 A ltue - 2,257.4 2.257.4 100.0%| 1287|
Firm 11 H ltue - 6234 6234 100.0%| 180.3]
Firm 23 H ltue 5 16114 1.611.9] 100.0%| 237.5|

- i’ i i’ T I I T 1~
Schemtic | Tables| Estimated Throughput | XML Texi

Production
Diagrams

Netwark | Results Table | LP Problem File | LP Resutts File| Enterprise DAG

Buyers Main Productions Sellers
841,237 841,237
hem-2 frg Chem 51 (5150 quiney Chem-66
Chem-51 (0.43) Chem-2 (1.0] 245.19682626313
Chem-51
661.919 am.sa
Chiem 78 and Chem 66 from Chem-73 (475) 4 57&1.%3 Chem-40
em-73 (1. eim- {5 (1.
Ehem 6140 561.683626781
Chem-73
561.684 561,684
Chem 75 from Chern-66 and Chiem-75 (11} 2 (1u0%) Chem-2
om-66 (0. eimi-40 (1.
Chemsa el 841.23718052
0 3 60 50 120 150 180 210 240 a7 300 330 360

(1) Sandia National Laboratories

e




User Interface: Pre-Simulation

Commodity
Flows Tab
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User Interface

Post-Simulation Analysis
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User Interface: Simulation Archive

-y

N-ABLE Advanced

=% 5 Gis Data Viewer | (=) H-ABLE Si i @ My | . .

et [ Toneand] Centralized Archive of all
LA ||si ions on host: ia.gov:9000

Nodes Node 1D ‘Owner Description Submit Time % Upload Engine Ver. @ - - -

4% gov.sandia.nable.unitTests.Test_Lp1_Producer 284 <testing> Testing only -single producer produces until warehou... |Jun 7, 2011 17:... 1296 i S I m u I atl o n s I n D ata bas e

¢ gov.sandia.nable.unitTests.Test_Lp2_TwolndependentConsumer 285 ing> -two in same agent drawing ... [Jun 7, 2011 17:... 1296

#% gov.sandia.nable.unitTests.Test_Lp2_TwolndependentProducers 286 <testing> Testing only - Jun7,2011 17 1296

&% gov.sandia.nable.unitTests.Test_Lp3_OneConsumerWithTwoOutputs 287 <testing> Testing only - Jun 7, 2011 17:... 1296

¢ gov.sandia.nable.unitTests.Test_Lp3_ProducerOfTwoOutputs 288 <testing> Testing only - Jun 7, 2011 17:... 1296

#}{ gov.sandia.nable.unitTests. Test_Lp4_ProductionChain21 289 <testing> Testing only - Jun7,2011 17 1296 - .

4% gov.sandia.nable.unitTests.Test_Lp6_ProductionChain21 290 <testing> Testing anly - Jun7, 2011 17:... 1296 AI I I n p u ts a re Ve rs I o n e d

% gov.sandia.nable.unitTests.Test_Lp7_TwoSerialChainedProductions 291 <testing> Testing only - Jun 7, 2011 17:... 1296

¢ gov.sandia.nable.unitTests.Test_Market 292 <testing> Testing only -single producer, single consumer Jun 7, 2011 17:... 1296

4% gov.sandia.nable unitTests Test_Market_DualProduction_Inputs 293 <testing> Testing only - Jun7, 2044 17-... 1296 a n d reco rd e d — tra ce a b I e

&% gov.sandia.nable.unitTests.Test_Market_DualProduction_Constrainedinputs 204 <testing> Testing only - Jun 7, 2011 17:... 1296

¢ gov.sandia.nable.unitTests.Test_Market_ ion_0 i 295 <testing> Testing only - Jun 7, 2011 17:... 1296

#{ gov.sandia.nable.unitTests. Test_Market_DualProduction_Withoutinputs 296 <testing> Testing only - Jun7,2011 17 1296 a n d re p e ata b I e

& dia.nable.unitTests.Test_C irm 297 <testing> Testing only - Jun 7, 2011 17:... 1296

% gov.sandia.nable.unitTests.Test_ThreeCapturedProductions 298 <testing> Testing only - Jun 7, 2011 17 1296 ‘EJ

+*! gov.sandia.nable.unitTests.Test_single_Producer_Disruption 99 testing Testing only -Single Producer with disruption at 10 to ... \Jun 7, 2011 17: -

|lTotehoal(: Setup done.

M-ABLE Advanced

i - T7 Simulations can be

Analysis Tasks Simulations| Baselines | peleted Runs|

Baszelines and Disruptions on host: aqua.zandia.gov:3000 p ro m ote d tO . B as e I i n e =

Open input file
Modes M... Owner Description

View simulation list 5 . . : o stat u s

=B Petrochemical Model bsjone U.5. Petrochemical supply chain model

B Petro Katrina Disruption bsjone Katrina 4 zones, U.5. Petrochemical supply chain model

B Petro New Madrid Disruption bsjone New Madrid Extensive zone 3 month, U.5. Petrochemical supply chain m...

- . .
-IB Petrochemical / Plastics / Ag Model bsjone L. 5. Petrochemical / Plastics / Agriculture supply chain model Base I I n e s I m u Iatl o ns ca n
B PetrolAg New Madrid multi-zone Disruption bsjone  |NM Complete Zone, NM Ext Zone, U.5. Petrochemical | Plastics | Agricultu...|J... |1... [1... h ave d i s ru pti o n s a p p I ied

Links

I[E1N-ABLE Overview
| N-ABLE v3.6 revision Local Build

_ U.S. Department of Homeland Security
-/ Science and Technology Dire
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User Interface: Post-Simulation

—=r

patial Simulation Animation

I3 b b | (7] A e 8 St

| | gy oA LIE Bk

| L S g L oS p— A

e — Market Transaction Arcs |
Active Transportation

Links j
Agent state
mapped to

rendering
characteristics
G b - Simulation Timeline
2 /48
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User Interface: Post-Simulation

e

ies Visualization - Aggregates
= b e Data Export

@ Gl Data Viewer | [Z] H-ABLE Simulations | [ My Analyses
—— View Existing N-ABLE Model| 524 Run .|
&= Aggregate Summary Plots
£
i L Unselectal |Row grouping: [Commodity = 3
1 2 3|l 7] Autoscale ¥ | Time Series Plot. - || @] Autoscale Y |Stacked Area Plot. - Autoscale ¥ [Scatter Plot =
D ata S e I ecto r DO i v e [5.00c0 Minimum ¥ vaiue: - |0.0000 Minimum Y value: |1,738E308
00T} f aiuam ¥ vabue: [1.0000 Maximum ¥ value: [3. 17686 Maximum ¥ value: |-L.758E308
EEE ,f
#ofFi R ti i o T
# # of Firms Reporting OO0 cs l| T [ ‘M‘H”‘H l r‘” ' | \|” ‘ ”\ | 5 12000 -
# Total Distance OOoolf o7 £
I 5 110,000 n
# Total Placed Orders BBE|| os | I £ o
# TotalRevenues 2EE|| os £ 105,000
@ Total Payments BEE|] o4 =
% 100,000
# Cash Flow Statement ] | 2
[=] L]
[} Avg. Production Capacity Utiization = Oo|E 02 g 95,000 | g g ®
0 El 6 =
01 0 e | 5 o0,0m
Inventory Capacities ][] | g 100 200 300 400 500 600 70O 800 900 1,00f B
| Average Distance BEB 100 200 300 400 500 600 700 8O0 900 1,000 Days 2 85,000 E
] E
Estmated Distance ][] Days & BEA Network: (Global).Outstanding Ordlers Chem 32 i 40,000 42,500 45,000 47,500
1 g Production Capaities ]|} — BEA Network (Gobal).Avg. Production Capacity Utilzation Cher-32 & BEA Networl: (Global).Inventtories.Chem-32 BEA Network (Global).Outstanding Orders.Chem-32
Met Demand 0Ea £
Distances BlE|E|| 0o I
3,000 G 1,250
Consumer Surplus O|o|E|| o8 g
3
Producton Soid (%) BEE|| o7 2,500 -
2 1000
Average Last Price Paid B/EE|| o6 2,000 g
2
| Unmet Demand gog|| os 1,500 5 70
Outstanding Orders [EEE | F
Placed Orders go[E|| os Lom -
Prodiucton Sold (§) BEE|] o2 = s
Productions BEE]| o1 a A"5 250
|, Average Estimated Distance E|E|E)) 0o 100 200 300 400 500 GO0 70O e
| Shipments BEE 100 200 300 400 500 600 700 800 Q00 1,000 Days %
<<
Days & BEA Netwark: (Global).Outstandig Orders,Chern-33 g 1250 1500 1750 2000 2250 2500 2,750
— BEA Netwaorlk: (Global). Avg, Production Capacity ulwlwzamn‘chemraa‘ & BEA Networl: (Global).Inventories.Chem-33 BEA Network (Global).Outstanding Orders.Chem-33
£ 4,250
10 6,000 2
09 I Q 4,200
¢
| i 5,000 k]
08 g 4,150
07 I I 4,000 ]
ow =
|:_ >?‘5 3000 = 4,050
C dity |1
03 ] ]
O m m 0 I y 02 1,000 23050
2 =
01 s _____J P
0.0 100 200 300 400 SO0 600 700 z
100 200 300 400 500 600 700 800 900 1,000 Days 2 3850
<
Days & BEA Netwark: (Global).Outstanding Orders,Chem 34 gq 1,950 2,000 2,050 2,100 2,150 2,200
[—BEA Netwail: (Global).Avg. Production Capacity Utiization. Chem-34] & BEA Networl (Giobal).Inventories.Chem-34 BEA Network (Global).Outstanding Orders.Chem-34
5,000
- 00
\":‘?hHTA’(-‘
C’ | N-ABLE v3.6 revision Local Build
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User Interface: Post-Simulation

e Series Visualization — Agent Level

-

@ Gis Data Viewer | (2 nasLe | [ my Analyses

| View Existing N-ABLE Model| 525-Run

2 Model view| B Agent Summary Plots |

Fiter: | Unselect all ][] all Agents {Row grouping: [Agent = =) =

Nodes 223

Autoscale ¥ | Stacked Area Plot - Autoscale Y | Time Series Plot -
9.4 Agent Summary EIET) | virimum ¥ value: [0.0000 Minioum Y value: |0.0000
A tant
|, Accountan DT Maximum ¥ vaiue: [756.3807 Maximum ¥ value: |3231.0000

J\ Consumers

| ]
a
a B
|, FimBuyers BlaE i
). FimSellers 5] [=][] | gesal 450
Advertsed Price Daly ] [} 40
250
Cumiatve Profits Daly [ ] [ ] 50
2 sold Quanti v 200 300 |
| Producers B|0E]{ 150 250 | =
£}, Warehouse ] [ 200 I | | i {
100
Amount As Percent Max ] 150
‘Amount In Inventory s@a|| s 100 ‘ ‘ ‘ I
Y —— EEE] - \ \ \ “ | H (1111
Optimal Min Level [ [E][&E] 100 200 300 400 500 500 700 800 200 o] g I | I L EAT
Total Removed Daily BlEE Days 200 500 600 700 00 900 1,000
& Warehouse. Amount As Percent Max.Fim 121,Chem-28 & Warehouse Amount As Percent Max Fim 121.Chem-4 Days
Warehouse. Amount As Percent Max.Firm 121.chem-61 — Warehouse Amount As Percent Max.Firm 121.Chern-8 ‘7Fu'mSeHe\s.So\d Quantity.Firm 121.Chem-4 — FirmSelers.Sold Quantity.Firm 121.Chem-61‘
200 1,250
250
1,000
200
150 750
100 500
50
250
0
100 200 300 400 500 00 700 200 500 y ol
Days 100 200 300 400 500 600 700 800 200 1,000
& Warehouse.Amount As Percent Max.Fim 122,Chem-28 & Warehouse Amount As Percent Max Fim 122.Chem-4 Days
‘Warehouse. Amount As Percent Max.Firm 122.Chem-61 ~ Warehouse Amount As Percent Max.Firm 122.Chem-8 — FirmSelers.Sold Quantity Firm 122.Chem-4 — FirmSellers.Sold Quantity.Firm 122.Chem-61
—
ow = Agen
200 200 400 500 500 700 200
Days 100 200 300 400 500 00 700 800 900 1,000
& Warehouse. Amount. As Percent Max Firm 123.Chem-54 & Warehouse Amount As Percent Max Firm 123.Chem 56 Days
Warehouse.Amount As Percent Max.Fim 123.Chem-g [ Fimsellers Sold Quantity Firm 123 .chem-5]

@ Sandia National Laboratories



User Interface: Disruption Speci

Contour + Agent Viz

(] Available €ontours

Name

chemical_plant_damage_ge_moderate_wgs84
chemical_plant_damage_zones
chemical_plant_damage_zanes_100
chemical_plant_damage_zones_25
chemical_plant_damage_zones_50
chemical_plant_damage_zon

dmg_nmsz_day1_3_ep_ 3 84
dmg_nmsz_day1_3_ep_outage_50_wgs84
dma_nmsz_day1_3_ep_outage_75_wgsa+
dma_nmsz_dayl_3_ep_outage_wgsa4

Add selected countour |

[] Model Disruptions B

MName Contour StartDay  Stop Day
1M Seismic zone 1 |chemical_plant_damage_zones_25 500 |ss0

EF zor dmg_nmsz_dayl 3 ep_outage 50 0 0

EP zone 2 |dmg_nmsz_day1_3_ep_outage_100_... |500 |307

Scenario Specification

Delete al Run Simulation |

U.S. Department of Homeland Security
Science and Technology Directorate

oo

‘ Get shapefile... H Import to DB... |

fication

||

Lavers | Detais |

[User Layers-

| Sh.. Name Geom

chemical_plant_damag... |MULTIPOLYGON
dmg_nmsz_day1_3_s M

dmg_nmsz_dayi_3_ep... |MULTIPOLYGON

Firms |PoINT

m

- System Layers-

Sh.. Hame Geom
|LatLong Grid |MULTILINESTRING

] u:s. State Boundaries |MULTIPOLYGON

111! Sandia National Laboratories




Software Methodology

| De\ : * Continuous, Automated Build
— . & Test

« 2-week iterations to adapt as
new ideas emerge * Track Defects, Requirements,
Task assignments

* Computer Scientists and
Modelers work side-by-side

Design / Test
Spec

Input I(\ Y Output
1 { .
Chem needs . Working software
\’

Econ needs Architecture / Design

Analyst/end-user I > l > Documentation
needs Planning Release Test cases

Implementation

|

' " us. Department of Homeland Security
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Collaboration with TeamForge

- Requirements / Task / Defect Tracking

with Prioritization
« Coordination + Traceability
 Documents / Message Board

* Version Control

U.S. Department of Homeland Security
Science and Technology Director

Planning Folders  acuve | All

@ Sandia National Laboratories

S e
COLLABNET. TeamForge. 252 Bian Jones (bsfore) | LOGOUT | 2 HELR
Project: N-ABLE Jump 10 102 pianii95 6o
ogm I - " o
B T T S g G P g s
Project Home Tracker Documents Source Code Discussions Reports File Releases Wiki Project Admin
Trackers > Planning Folders > N-ABLE 3.5 > List Artifacts Search Tracker
Artifacts plan1195 : N-ABLE 3.5 Summary
& Tracker Summary
Name: N-ABLE 3.5
@ Bus M P10 M open: 0
Description: M P20 M cClosed: 42
F3: 0
¥ Regienions Effort: 0 Est, 0 Rem, 194 Act _ ol
L Tasks Story Points: 0 Open, 0 Total Status:  Closed :ins "
Start Date:  03/09/2011 End Date: 05/18/2011 Burndown  Open by Open Vs Closed
TIorT
File Release: NABLE > N-ABLE 3.5.0 Rk

_fNew [ClEder N-ABLEZ.5 Al - 1 sort 111 Columns v
e Roat Fokder & %2 antifact ID % Title “1 Assigned® %3 Planned For <
B 3% N-ABLE 3.3 Priority To Status

- (g N-ABLE 3.4 & - o atf36658  Add abley to sugment Buyers and Selers  Bran Jonies  Cosed  N-ABLE 3.5 > Iteraton 5 4"
FERR AR 5 m g [ 6144 Add Baselne/Disruption view Roger Closed  N-ABLE 3.5 > Treration 4 "
Io%) Iteration 1 Micchel
138 Iteration 2 s} 3 g artf29264 Add MPI capabilties to Clent-Intiated John Closed N-ABLE 3.5 > Iteration 4 74"
o i Simulations Masciantoni
eration

G @ Sandia National Laboratories



~ Flexible, High-Performance,
Repeatable Simulation Platform

Computer Scientists work side-by-
side with Domain Experts

Methodological Best Practices

.
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Backup Slides
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Simulation Engine

~\

p
AgentLib N-ABLE

e+ AgentlLib — | |
* Parallel discrete event simulation engine

(PDES) @

|

/
i

y
£
=

‘Shipping Bulletin
Board

* General purpose — can be used for

chemical supply chains, social networks,
pandemic models, etc. -

O N'ABLETM [ Seller
* Built on top of AgentLib
* Special purpose — captures economic (e Rl ) e
concepts and behaviors - .

-
"
-
\

* Shared characteristics

Economic Agent

* Portable C++ code

* Tuned for performance —
* Flexible recording system to capture ) ) e (= )
simulation state at each timestep e BN e W N e (e H— (= =)
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