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Background on Structure and Dynamic Behavior

« Structure is the totality of relationships that exist in the system

« Dynamic behavior is the performance pattern of the variables
created by the operation of the structure of the system over time

« SD is a long term policy oriented methodology

- Emphasis is on pattern characteristics rather than point-based
metrics and similarity

« The important elements are:
« Pattern modes; oscillatory, s-shaped, linear, exponential

« Pattern components; trend, slope, curvature, period, amplitude,
mean
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Patternwise Comparison

— A: actual data
- — B: model output
---+ C: arbitrary pattern

10 ! !

MSE(A,B) = 14.6146
MSE(A,C) = 7.7408
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Motivations

 Behavior analysis practice involve subjective aspects
* Analyzing large numbers of simulation output is time-consuming

« Existing functions / methods / algorithms / prodecures are not
extensively and effectively used due to them being available in

separate working environments (e.g. Statistical Screening, POPS, EEA,
LEEA, Barlas’ 6-Step)

- Existing tools / software are not extensively used due to usability
issues (e.g. BTS, SiS)
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Objectives

v'Review and gather existing functions,
methods,algorithms,tools, procedures
v'Formulate new ones or design new Designing

procedures & usage modes based on the

- an integrated
existing ones

model / behavior
v'"Maintain a high level of automation

analysis and testing

v"Communicate with existing modeling
software software

v'Achieve a high level of user-friendliness
(efficient human-environment interaction)
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Behavior Analysis and Testing Software
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BATS with Time-Series Data

Main unit of analysis is time-series data

Imports time-series data by various methods

Provides pattern related statistical properties and descriptive information

Classifies/labels imported behavior using an advanced pattern classification
algorithm

Sn R &

File Meodel Data Analysis Options Help

[E3 BATS Workspace | Plot.Datal x| Trend Analysis.Data2 x| Model Docking 3¢ | Hypothesis Testing %

4l

Mame Description Source Length Class Min hax hean Var
Population HT:normal bf = 0.0 density_dependent_growth.vpm 300 nexdc 3.023e-07 20 1141 1045
X MD: An experiment alpha=0.18  predator_prey.wvpm 201 oscct 1557 252 2012 1184
yl: nexgr  Data from excel file ists_examples.xls 120 nexgr 0002158 1005 0897 0.04533
y2: sshgr  Data from excel file ists_examples.xls 120 sshgr -0.009058 09993 0.504 01729
y3: gr2da  Data from excel file ists_examples.xls 120 grzda -0.005268 09928 0522 01329
Real Data from tut file MyRealData.txt 100 none  -1.705 1755 5771 8404
Datal Data from excel file Examplel.xls 100 oscct -4.523 3158 00363 2753
Dataz Data from excel file Examplel.xls 100 none 17 100 50.54 8245
Stock Data from excel file stella_stock_output.xlsx 49 nexgr O 1829 125 2690
Draw Data from drawer User 30 sshdc 0005597 09944 04752 0.1407
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Data Importing Methods

Excel

txt, csv, tab

Drawn by the user

Vensim results files (.vdf)

. (57 Bars ‘ ‘ P ~
Vensim models through T

BATS Workspace = Model Docking <

Model Docking Window Model Docking Window

Vensim population_modelvpm Add Run...

Al

# Name Parameters Outcome
Run Specifications &J 1 Run with default parameters default Population 250
2 Policy ABC bf=0.2 df=0.2 Population
Model: population_model.vpm 3 Scenario 123 bf=03 df=0.25 Population
RunType:  (Speciy parameters n 4 Behavior pattern similarity experiment  bf=0.2 df=0.25  births o
Run Name:  Seenario run |
Output: Population ~ {
Parameters: |pf=10.2 Add 150
df=01
100
4] 5 10 15 20 25
R | [ cancel
Export data to workspace ]
BATS 1.0 |
— o
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Time-Series Data Preparation Features

File Model Igata Analysis  Options  Help

Load From File

L]

Drraw Source Length Class Min  Max Mean Period ||

Exponential Smoothing
Moving Average

Export Workspace

Delete Data

Welcome to BATS, a validation and testing environment for dynamic system models.

You can start by adding data from files by either using "Load from File” menu, double-clicking on an empty area above, or drag and
dropping into this page. You can also draw from from scratch or modify existing.

All the tabs and panes are draggable. For more information click Help.

Session started at: 2014-07-22 14:68:35

BATSv1.11
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Time-Series Comparison Features

Barlas, 1996 s

Eile PModel Data |ﬂnah,rsis| Options  Help

* Trend regression Plot Graph
. Plot Multi | L

« Autocorrelation ce  Len
Classify

» Autocorrelation test .

- Spectral densities AutoCorrelation
AutoCaorrelation Test

« Mean and variance Spectral Density Function

A I d . . Amplitude Estimation Constant
’ mP Itude estimation Amplitude Estimation with Trend *
» Crosscorrelation CrossCorelation

Graphical Comparison

- U, MSE, discrepency coefficient

Statistics Summary

- Graphical comparison m
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BATS with Time-Series Gallery

Fio Model Data Analyss Optons Help
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Fle Mosel Data Analyss Optons Help
4 ModelDocking | Hypothesi Testing
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Fle Mosel Data Analyss Optons Help

Amplitude estimation for Datal

4 Trend Amalyze Datsd % Model Dacking | Wypathesis Testing ¢ | Splitflesl | Cropylahgr | AmplstConstDatal x b w

== ]
phaze 043 i
= - )

200 +- 0@ Enc——

BATS 111

150:
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Fle Mosel Data Analyss Optons Help

e y2: sshar

o8
05|
o4l
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00|

4 PlotDatal x Trend AnsiyiData) % Model Docking | Mypothesis Testing < | SplitResl x| CropyZ:schgr 3 Ve

o Select Data Area y2: sshgr

=)
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Fle Mosel Data Analysis Options Help
4 McdeiDscking x| Hypothesiz Testing x| SpitReal

A Exponential Smoothing on Datal
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Pattern Classification Using ISTS
Algorithm

input ISTS output SSHGR
> >
time-series AlgOl"ith M | behavior class S-Shaped
data Growth
i.e. generic

dynamic pattern

Developed by (Kanar, 1999)
Used in Barlas and Kanar, 1999;
Bog and Barlas, 2005;Yucel and
Barlas, 201 |
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Generic Dynamic Patterns

Constant
ZEROO CONST
Growth / / /
PLINR PEXGR NEXGR SSHGR
Decline \
NLINR PEXDC NEXDC SSHDC
Growth-and- /\ / "\ m /\ /\ /N
decline
GR1DA GR1DB GR2DA GR2DB G1PED G2PED
Decline-and- M M \J
gr‘owth D1GRA D1GRB D2GRA D2GRB D1PEG D2PEG

Oscillatory m W M

‘@ 150: OSCCT OSCGR 0SCDC
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BAT'S with Vensim Models

o
File !Mudel| Data Analysis Options  Help
Model Docking Window

Hypothesis Tester source Length Class Min  Max M
Eehavior Space Classifier

Eehavior Class Mapper

Welcome to BATS, a validation and testing environment for dynamic system models.
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Hypothesis Tester

Allows for performing automated
hypothesis testing on the model

. initial
behavior. population

Conditions are defined by setting
specific values to parameters. L . Popula t|0r

C:‘).
Typically can be used for Extreme irths deaths
Condition Tests for structure validity

(Barlas, 1996) . As)

+ bt
effect 0 f Crowding
crowdlng -
normal bf on bf
Capacity

Example:in density-dependent-growth model, if the birth rates become
zero, then the population goes to extinction (decay to zero)

‘& 1500
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Hypothesis Tester

Extreme conditions are

. . (7 Bars = | & fomton] |
| mposed by Settl ng File Model Data Analysis Options Help
Parameter val ues Hypothesis Testing hd BAISW‘""‘SPB( 7.
_ Hypothesis Testing 1 7100 - 40 i
Run Specifications for Indirect Structure Testi 2 const -10
Model: density_dependent_growth.vpm

. 3 plinr - -12.74
Vensim density_dependent_growth.vpm 4 nlinr - -9.967

5 nexgr - -15.54
6 sshgr: -14.97
# Test Name Parameter ~ Qutcome Hypo Result Concu.. T pexgr: -4.505
R 1 if no birt...decayste0 normal bf = 0.0 Population nexdc nexdc  PASSED 2 ! T ! ! ! g g;:“gz :?;3;
15 1 10 gr2da - -1.215
NEXGR 11 gr2db - -4.515
10} 1 |12 d1peg - -0.9295
e 13 d2peg - -0.6054
2r 1 14 nexdc - 03997%
15 sshdc : -5.539

AN NN T T % 50 100150200250300 12533?:41135551

Test Name: if no births then Pop decays
||

Parameter: [no,ma‘ bf v] 0

Outcome: | population -]

Hypothesis:

ZEADAD

SEHGR PEXGR GRIDA GRIDA GRIDA

GR2DB DIPEG D2PEG NEXDE SEHDC 18 d‘]grb . —1_85
19d2gra: 4113 | _
L/ \f \/ \f 20 d2grb - 5.081 |
PEXDE DIGRA D1GRA D2GRA D2GRA 21 g1ped - _13-31
22 gZped - -14.9
NS LN VYW AN W, 23 oscct - -7.242
G2PED scor tscon osane 24 oscgr - -10
25 oscdc - -7.242 L
R Cancel l Export data to workspace ] e
BATS v1.0

Model is ISTS Algorithm * |IF hypothesized behavior <-3 THEN FAILED
run and is called and * IF hypothesized behavior >-3 THEN PASSED
* IF hypothesized behavior >-3 AND another

output is likelihoods are
behavior is larger THEN INCONCLUSIVE

obtained calculated

A150:
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Hypothesis Tester

i k]
7 BATS o] o0

File Model Data Analysis QOptions Help
[E] BATS Workspace | Hypothesis Testing

Hypothesis Testing

4

Vensim density_dependent_growth.vpm Add Run...

# Test Name Parameter Outcome  Hypo Result  Con..

if now.zere  normal bf = 0.0 Population nexdc nexdc PASSE 1500

if in..brium  initial p... = 20000 Population nexdc nexdc PASSE
if ini...avier initial p..n = 2000 Population const const PASSE
if no..births initial p..ion =00  hbirths zerol  zerol PASSE
if sm..owth initial po.en =100 Population  sshgr sshgr PASSE

1000

if lar...rowth initial p..n = 1200 Population nexgr nexgr PASSE
if la..rowth Capacity = 20000 Population sshgr sshgr PASSE

=l h un = W R

] 50 1(I]D 150 260 25ID 300
All the tests are stored so that an overall

assessment of the validity tests can be made

] m | » Export data to workspace

BATS L0

‘@ 150
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[
| BATS

File

BATS Workspace

Model Data Analysis Options Help

BehaviorSpace | BehaviorSpaceSSHGR

<
r
F
ko r
8 :
= 3
=] nexane: Ir
=] NEXqIeX e X Ir
a S IS X JIEXGTEX e XX Ir
@ X eX Qe Xguex qrexdres,
£ SR 1
& sshgFshgssngss -
=X EXIE: Ir
r
e e 113 dr
17 18 19 20 21
Temperature Adjustment Delay
2
o
—2
—4
—6
—8
-10
0 100 200 300 400 500 600 700 800
Temperature Adjustment Delay=6 Perception Delay=13
00 ++~ BE
i
BATSv10

BATS
File Model Dats Analysis Options

4 | [EBATS Workspace | BehaviorSpace

Behavior
Class
Mapper

Help
x i SSHGR | BehaviorMapper.OSCCT % | BehaviorMapper NEXGR > b =

N

&

Perception Delay
=
o

H
b
=)
.
o

10 15
Temperature Adjustment Delay

BATSv10

150:
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Temperature Adjustment Model

Model that is used for demonstration of Behavior Space Classifier and Behavior Class Mapper

Desired Room

Temperature Outcome Variable
Temperature of interest
Adjustment De /
/ -~ + Actual Room
. o = > Tem perature
Sensitivity Parameter | oom Temperature
Change

Perceived Roo
Temperature = )

erceplion

Change

—> Perception Delay

Sensitivity Parameter 2 —
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Behavior Space Classifier

Actual Room Temperature

Classifier Grid

1 bscctioscct! ) ' ) ) ] ] ) ) ) ' ' sshgrsshgrsshgrsshgrsshgrsshgrsshgr
0 pscctoscct sshgrsshgrsshgrssharsshgrsshar
g pscctoscctoscct sshgrsshgrsshgrsshgrsshgrsshqgr
g bscctoscctoscct sshgrsshgrsshgrssharsshgrsshar
7 bscctoscetoscct ssharsshgrsshgrsshgrsshgrsshgr
g pscctoscetoscct ssharsshgrsshgrsshgrsshgrsshgr
= 15 Pscctoscctoscct sshgrsshgrsshagrssharsshgrsshar
@ 14 pscctoscctoscct oscct nexgrsshgrsshgrsshgrsshagrsshgrsshar
Q_j3 bscctoscctoscct oscct nexgrsshgrsshgrsshgrsshgrsshgrsshar
c pscctoscctoscet oscct sshgrsshgrsshgrssharsshgrsshar
2 71 PRcctoscctoscet oscetoscct nexgrnexgr ssharsshgrsshgrsshgrsshgrsshgr
Each cell on D Jpes=eiQgcciaoscotoscctoocct nexgmexgmexgrnexgmexgmexgr ssharsshgrsshgrsshgrsshar
9 “§JgsccldScctoscct oscct oscctoscer saxgexgrnexgmexgmexdgmexgmexgmexgrsshgrsshgrsshgrsshgrsshgrsshgr
the classifier 5 8 PSCCroscctoscct oscctoscctoscct oscctnexgmexgmexguexgmexgmexgrsshgrsshgrsshgr dlgradlgradlgrg
a7 pscctoscctoscctoscctoscctoscet oscetoscct oscct nexgmexeseshgrsshgrsshgrsshgrsshgrsshgrdlgradlgradlgrasshgr
. 6 pscctoscectoscct oscetoscctoscet oscctosccet ssharsshgrsshgrsahgrsshgrsshgrsshgrsshgrsshgrsshgrsshgrsshar
gl"ld 5 pscctoscectoscct oscetoscctoscet nexgmexgrsshgrsshgrsshgrsshgrsshrsalgrsshgrsshgrsshgrsshgrsshgrsshgrsshar
4 pscctoscctoscct nexgmexgmexgrmexgmexagr: sshgreghgrsshgrsshgrsshgrsshgrsshgrsshgn
corresponds 3 pscctoscct oscct nexgmexgmexgrnexgmexgmexgrnexgmexgmexgrnexgmexgmeXsguexgmexgmexgrnexgrsshgrsshgr
3 pscctoscctnexgrmexgmexgmexgrnexgmexgmexgmexgmexgmexgrmexgmexgmexgrimsggmexgmexgrnexgmexgrmexgl
to one 1 DEXJMEXArd.,drdnCxXgMEXUMEXAMEXJMEXQMEXJIMEXUMEXAMEXUMEXgMEXAIMEXUIMEXINIEXUMEXUIMEXQIMEXUINEX]
. . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 18 19 20 21
simulation run Temperature Adjustment Delay
Model
output is
Param|=| taken from N\, Algorithm s Behavior class written on
Param2=9 Vensim called of the run is the grid

: ~
., determined oscct

100 00 300 400 500 500 700 BOD
Ternperature Adjustment Delay=1 Perception Delay=2
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Actual Room Temperature

Behavior Space Classifier B

21 1grsshgrsshgr
20p rsshgrsshgrsshgrssh
19 psccrosccroscet sshgrsshgrsshgrsshgrsshgrsshar
18! rsshgrsshgrsshgrsshgrssh
17 pscctosccroscet sshgrsshgrsshgrsshgrsshgrsshar
16 P! rsshgrsshgrsshgrsshgrsshgr
& 15 pscctoscctoscct s rssh rsshgrsshgrsshgrssha
@ 14 pscctoscctoscctoscct shgrsshgrsshgrsshgrsshgrsshgr
O j3pscctoscctoscctoscct nexgrss‘\ reshgreshgrash grsshgrl
c 12 QSCCtOSCCtOSCCtOSCCt rSSh rsshgrssh 1grsshgg
E exgrmexgr rsshgrssh 1grsshar|
& 10 oscctoscctoscctoscctoscct nexgmexgmexgrnexgmexgmexgr ssh rsshgrssh 1grsshgy
g “gp: exgmexgmexgmexgmexgrr mexgme; grsshgrsshgrsshgrsshgrsshgr
5 soscctoscctoscctoscctosccroscctcscctnexgmexgrnexgmexgm g T grsshgrss r dlgradlgradlgrg
a 7p to: osccCtoscctn in rsshgrsshgr sshgrdlgradlgradlgrasshgr
6oscctosccmscctoscctosccmscctc oscct r sshgrsshgrsshgr hgr grsshgrss rssh rsshgrsshgrsshgrsshar
5 ps hg hgrsshgrsshgrss| rsshgrsshgrsshgrssh
4oscctoscctoscctnexgmexgmexgm ss grssharss| rssh rsshar rssha
3 pst oscct nexgmexgmexgrm nex ex I rssh
2 ascctoscct nexgmexgmexgmexgm vvexgrnexgmexgmexgmexgmexgmexgmex mexgmex | mex
1 e - <

 Behavior pattern sensitivity with respect to

12X lexgmexgrnexgmexgmexgrmexgmexgmexgmexgmexdmexqrm
1 2 3 4 5 6 7 8 9 10 ll 12 13 l4 15 16 17 18 19 20 21
Temperature Adjustment Delay

changes in parameters
« Colors have categorical meaning, different colors imply different classes

« Usage alternatives:
- Sensitivity analysis: How does the behavior mode of my model change

as a result of parameter changes

- Model Calibration: Suppose that the real data imply that the model
behavior should be s-shaped growth

 Policy Analysis and Design: My policy objective is to avoid oscillations,
which parameter region is more desirable? (regard them as policy

decision parameters)

‘& 1500
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Behavior Space Classifier

Settings

Settings for Behavior Space Explorati et S|

Model:

Parameter 1: | ~r| start: stop: num:
Parameter 2: |\ ,| start: stop: num:
Outcormne of interest: "r|
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Behavior Space Classifier

File Model Data Analysis Options Help
I [E5| BATS Workspace | BehaviorSpace.ALL x| BehaviorSpace.SSHGR ® | BehaviorSpace.OSCCT X

Results Actual Room Temperature
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BATS 1.0
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Behavior Space Classifier

Bottom plot is dynamic!

File Model Data Analysis Options

Il

Help

ALL > | Behavi

e55HGR X | BehaviorSpace.OSCCT hd

BATS Workspace i
P

Actual Room Temperature
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Behavior Class Mapper

Behavior Class Map
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Behavior Class Mapper

* Intermediate values are interpolated and
a contour-plot is displayed

« Colors have numerical meaning,darker colors

imply higher likelihoods

- Specific behavior class sensitivity with respect to
changes in parameters
« Usage alternatives:

« Sensitivity analysis: How does the behavior of my model changesas a
result of parameter changes

- Model Calibration: Suppose that the real data imply that the model
behavior should be s-shaped growth (set the parameters in the dark region)

- Policy Analysis and Design:My policy objective is to avoid oscillations,
which parameter region is more desirable!?

‘@ 150
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Behavior Class Mapper
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Behavior Class Mapper
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Behavior Class Mapper (different behavior modes)

5 BATS
File Model Data Analysis Options Help

[F=REE

.OSCCT 3| BehaviorMapper.NEXGR > b

4 BATS Workspace

TO0O0C +- BB

BehaviorSpace 3 | BehaviorMapp

.SSHGR > | Behavi

10
Temperature Adjustment

W | BATS
File Model Data Analysis Options Help

gr2db

4 | BehaviorMapper.S5HGR 3¢ | BehaviorMapper.OSCCT ¢ | Beh,

B BATS
File Model Data Analysis Options Help

4 | BehaviorSpace < | BehaviorMapper.SSHGR

> | BehaviorMapper.OSCCT 3 | BehaviorMapper.NEXGR > | BehaviorMapper.GR2[ b =

NapperNEXGR 3 Behavi

Growth
and
decline

oscct
Oscillation
around
constant
mean

‘@ 1500

BATS V1.0

10 15 20
Temperature Adjustment Delay

BATSv1.0

nexgr
Negative
exponential
growth



23.07.2014 BATS - Can Suculli & Gonencg Yiicel - ISDC 2014 Delft

Overview of BATS with External Parties

Import BATS Parse

Data-series e — = Commands .
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Overview of Features of BATS

Data Importing Data Visualization
Load From File Plot
Model Docking Window Model Analysis
Draw Data Analysis % Hypothesis Tester
Classify <% Behavior Space Classifier
Trend
. <% Behavior Class Mapper
Data Preparation Autocorrelation
Split Autocorrelation Test
Select Spectral Density
Exponential Smoothing Amplitude Estimation
Moving Average Crosscorrelation
< Trend > Summary Stats

Graphical Comparison

‘@ 150.
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Identified Usage Modes

‘@ 1so

Structure-oriented behavior validity testing

« Extreme condition tests using Hypothesis Tester
Behavior pattern validity testing

« Barlas’ Multi-Step procedure and Graphical Inspection
Sensitivity analysis

- Behavior pattern sensitivity with respect to parameter changes
Model calibration

« Parameter calibration based on behavior patterns
Policy analysis and design

« Policy parameter specification based on behavior patterns
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Future Work

* New analysis methods/algorithms/procedures can be added
into BATS that work with either with

- time-series (e.g. trend analysis, autocorrelation) or

- models (e.g. hypothesis tester, behavior space classifier)
* A new pattern clustering algorithm will be included in the

upcoming versions

» Collaboration with existing methods by other research groups
such as Statistical Screening by Ford and Flynn, 2005

« More connectivity with modeling software;Vensim on Mac,
Stella, Netlogo,Anylogic

‘@ 150
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Downloads and Feedbacks

* You can find BATS in the following webpage:

« www.ie.boun.edu.tr/labs/sesdyn/projects/bats/index.html

« Download link:

- www.ie.boun.edu.tr/labs/sesdyn/projects/bats/bats_vIl_I1_win.zip

» Also for an hands-on experience you are invited to Model
Analysis session tomorrow on Thursday 24th July at 8:30

* Your immediate or later feedback is always welcome
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Thanks! Questions and Answers!
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