Contents 9

Contents

CHAPTER 1. MODELING AND SIMULATION MODELING.......ccccoeiiiteeeeeeeieeeee e 25
1.1, TYPES OF MOAEES....cuiiiitiiieieteietetete ettt bttt e sttt et b s ettt e s s et e s b et e s b esesesesesesesesasenas 26
1.2. Analytical VS. SImulation MoOdeliNg......ccccoiiiiiiiiiiiiiiiiiiiii e e e eesrsa e 27
The limits ofonolytical modeling: queuing theory...........cccccoviviiiiiiiiieieeeeeeeeeee 29
Advantages of simulation MOAElNG...........euviiiiiiiiiii e 34

1.3. Applications of simulation modeling. Level of abstraction. Methods................... 34
CHAPTER 2. THE THREE METHODS IN SIMULATION MODELING.........cccccciiiiiireeeeee s 37
2.1. =T =01 I Y7 0 T= T 1 T o= PRSP N 38
Example 2.1: New producCt diffUSION..........ccooiiiiiiiiie e 39
Underlying mathematics and simulation engine...........ccccccceeieiiiieiiieeciiiccccc e 44
ADSIFACHION TEVEL.....eiiiiiiiiiie e 44
SOFWAIE TOO0IS. .....oi it e e e s e e e e s e 45

2.2. Discrete eVent MOAEEING . .....ooiii ittt e e e e e e e e et e et eee st e ea e e eaaeaaaaaaaaees 45
EXAMPIE 2.2: BANK......uii i e 46
ADSTFACHON TEVEL.....eeiiiiiiiee e e 47
Underlying mathematics and simulation engine............ccccoviiiiiiiieeeiinniiieeiee e 48
Y0 11T 7= =N (0 T ] £ 49

2.3. Vo T=1a] s T-Y=T=Ye W1t le T (=) KT Yo POPTo SR RPPRION 49
Example 2.3: Agent based epidemic model...................cc 50
ADSIrACHON [EVEL. ... 54

For those who have read books and papers on agent based modeling.................. 54
Underlying mathematics and simulation engine....................ccooe oo, 55
SOfWATIE T00IS....ceiiiieiii et e e e e e e e e e bbb 55
CHAPTER 3. AGENT BASED MODELING. TECHNOLOGY OVERVIEW.......c.ccccoeveuiiiererennnns 57
3.1. YAV Lo T Y = oY==V =] | 1SS 57
Who are the agents in an American automotive market model?.......................... 58

3.2. Agent based modeling and object-oriented deSign.........cccceevvieiiiiiiiiiiiiniiiiiian e 60
00 MOAENING 1N ANYLOGIC. ..eeeitiiiiiiieieee e ettt e e e e e e e e e e e e e anne 63

3.3. Time in agent based MOAEIS..........ciiiiiiiiiiiii et e e e e e s ee e e e sesata e eesaeaas 67
3.4. Space in agent based MOAEIS........c.uiiiiiiiiiiiiiie et ee e e e et ereaat e e e rest s eereresans 69
3.5. DT oy 0=y C=Y ] o 2= o YRS 71
Example 3.1: Schelling segregation............c..ieieeeee e 74
Example 3.2: Conway's Game Of Life.........ccccceeei s 76

EXample 3.3: WIIAFIrE.. ... 78



10 The Big Book of Simulation Modeling + Multimethod Modeling with AnyLogic 6

Discrete Space APl 85
3.6. Continuous 2D and 3D space....cnnee 86
Movement in continUOUS SPAacCe...........cccveevvvvvennnnnn. 88
Example 3.4: Air defense SYStem.........ccoevviiiiiiiieeeeniiiiiieeeeeeenn 90
Example 3.5: Agent leaving a movement trail..............ccccceeeeeennnns 105
Continuous space APl..........cccooiiieieiiiiiiiieeeen 109
3.7. Networks and HNKS......cccccceciiiiiiiinieiieeeeeeeeeeaes 110
Standard Nnetworks.........cccccvveviiiiiiiiieieeee, 111
Example 3.6: Periodic repair ofa standard network....................... 113
Example 3.7: Custom network built using standard connections.............. . 116
Fully connected Networks..........cccceevevviiiieeneeessciiieeenn. 118
Network and layout-related API..........cccccceeeeeeeennn 118
Unidirectional, temporary, and other custom types of links....................... 119
Example 3.8: Kinship modeled using custom links...............ccccoue. 122
A note on vertical links in hierarchical models.............ccccccc....... 127
Using ports to connect agentsS..........ooccvvvveeeeeeeeiicineneenenn. 197
3.8. Communication between agents. Message passing...........cceevvviieeenens 128
Synchronous and asynchronous communication.............cccccevvvvuenenn. 128
APITOr message PaSSING........uvveiiieeiiiiiiiieeeeeeeniiiieeeee e e 129
Message handling..........ccccvvevveeeeeeeeeeeenieenennn. 131
Other types of inter-agent communication............cccceeeveeeeerieeeeiinennnnnn. 131
3.9. Dynamic creation and destruction of agents...........ccccceeeeeeeeee, 132
3.10. Statistics on agent populations........ccccceeeeeeeeeeeenn... 134
Example 3.9: Kinship model with standard statistics........................ 134
Example 3.10: Kinship model with dynamic histograms.................... 136
Customized high performance statistics............cccccceeeeeeeeeeen. 138
Example 3.11: Kinship model with customized statistics............................ 139
3.11. Condition-triggered events and transitions in agents............cc........ 140

CHAPTER 4. HOW TO BUILD AGENT BASED MODELS. FIELD SERVICE EXAMPLE 142

4.1. The problem statement........c.ccocvvviiieeeeiiiiineeeeeeennnnn 143
4.2. Phase 1. Can be done on paper.......cccccccveeeeeeseeiscnnennns 144
Who are the agents?......cccccceeevvivevviiiccen e, 144
Equipment unitagent.........cccccccevvveiinennnn.. 145
Service Crew agent........ccccccevvvvviiieieneneeeenn. 147
Agent communication. Message sequence diagrams................... 150
Space and other things shared by all agents............cccccoeeenees 153
4.3. Phase 2. The model in AnylLogic. The first run................... 154

The model structure and the top level object Main.................... 154



Contents 11

The EQUIPMENTUNIt BQENT.......ooiiiiiiieiee e 155
The ServiCECIBW AIgENT.........iiiiiiee et e e 158
N o] 0= 11 (o] o PSR PP RPN 159
TRETIFST FUN L.t e e e s e e e e e e e aane 160
DISCUSSION aNd NEXESIEPS. .. oo i eiiieeeiiiiis e e e e e e e e e e e e e e e e e renr s 161
4.4, Phase 3. The missing FUNCEIONATITY ...c..civvviiiiiiieiiiii e ee e e eee e e e e e e et e e e e earraaas 162
Maintenance, age, andfailure rate..........ccccccoeeeeeiiee 162
Scheduling maintenance. Handling requests oftwo types........cccccvvveevvevieerieennnn. 164
Discussion. Code in the MOodel............oooooo i 167
4.5, Phase 4. Model output. Statistics. Cost and revenue calculation........................ 169
Equipment availability and service crew utilization................ccccccvvvviiiiivvinenennnen. 169
COSL AN FEVENUE. ... ..ccieeeeieice et e et e e e e e e e e e e e e e atb e s eeeeeeeeeessanans 174
4.6. Phase 5. Control panel. Running the flight Simulator........ccccoeeeviiiiiiiiieeeieiiiiineeeenns 177
Design Of CONTIOI PANEL.......cooiiiiiiie e 177
Changing the number Of SEIVICE CrEWS.......ccooeeiiiiieeecc e 178
Equipment replacement POLICY..........cooooii i 179
Running the flight sSimulator............cccooo oo, 180
4.7. Phase 6. Using the optimizer to find the best SOIUTION.........cocoiiiiiiiiieiiieiie 182
Preparing the modelfor optimization..................co oo 182
Setting up the optimization eXPeriMENt..........ccuuviiiiieiii e 183
(@] o110 ]V4= 1[0 o 1N (] o PP 185
4.8. YN E=T U 14 0] o i@ o 1 T 187
4.9. Bonus phase. 3D animation........cccuuuiiiiiiiiee et e e e s er e e e e e s s 188
4.10. Bonus discussion. Could we model this in discrete event style?............cccuvu.... 191
CHAPTER 5. SYSTEM DYNAMICS AND DYNAMIC SYSTEMS.......cccceoeviveiirireieierereevererevenae, 195
5.1. HOWTO DRAWSTOCKAND FLOW DIAGRAMS..... .ottt 196
Drawing StoCks andflOWS............ouiiiiiiiiiiiiie e 196
Drawing variables, dependency links, polarities, and loop types.............cceeeunne 197
Naming conventions for system dynamics variables...............cccccvvvivviiiiieeeeeennnen. 199
Layout of large models. "Sectors” and shadowvariables...............cccccccceeeen. 199
5.2. | =lo LU= Lo ] o =TT 202
Using Java in SD @QUALIONS. .......cciiiiiiiiieiiiet ettt e e e e e e e e e e e e e e e e e e aaaaaaaaaens 204
"Constant variables" and parameters.............oooeiieeieiciccciic 205
Units and Unit CRECKING...........uiiiiiie e 206
5.3. Example: Population and carrying CapacCity.......cccceeeveeiiiiiieiiisiiiiieeieveiiieeeeseesinseeesesens 208
Phase 1: Unlimited resources. Positive feedback.Exponential growth................. 208
Customizing the dataset COlleCtion...........c.oovvvviiiiiiiiiiii 212

Phase 2: Crowding affects lifetime. Negative feedback. S-shaped growth.......... 213



12 The Big Book of Simulation Modeling * Multimethod Modeling with AnyLogic 6

Phase 3: Crowding affects DIirths...........cccoooiiici e 216
Phase 4: Negative feedback with delay. Overshoot and oscillation.............c............ 218
Specifying units and performing unit Checking...........cccccooveiiiiicicciieeeec e, 220
5.4, Other types of experiments. INteractive games............ouuuuueeiiiiiiiiiiieeieeee e eeeeeeeeeaeens 221
Example 5.1: New product diffusion - compare runs...........ccccceeeeveeveieveceieeseeveeenne 221
Example 5.2; New product diffusion - sensitivity analysis..............cccccoevevveviiinnenene. 224
Example 5.3: Epidemic model - calibration...............cccoooiiie 225
Example 5.4: Epidemic model - instant charts............cccccccovviieiieciiccceceee e 229
Example 5.5: Stock management gamle...........cccoirirenirecneeeeese s 232
5.5. Exporting the model and publishing it 0N the Web...........ciiiiiiiiiiiiiiieceeiie e 237
CHAPTER 6. MULTI-METHOD MODELING........ccoiititiiiiiee ettt 240
6.1. Architectures..............cccceeevveenn, 241
The choice of model architecture and methods...........ccccoveeiiiiicceccccc e, 243
6.2. Technical aspect of combining modeling Methods..............ccoooiiiiiiiiiiiiiiiiicce . 244
Examples 5.1 - 5.21: Combining modeling methods..............ccccooveeviiiicccicccee, 244
System dynamics -> diSCrete ElemMENLS..........cccciiiiiiiee s 244
Discrete elements -> SyStem AYNAMICS..........cccccoiiiceciiieeeceece e 246
Agent based <-> dISCrete EVENL.............cciiiicice et 253
Referencing model elements located in different active objects............ccccccevne. 257
The simulation performance of multi-method maodels.............ccccooviiiiiicennciiene, 259
6.3. Y= V1Y o] == TSRS 259
Example 6.22: Epidemic and ClINIC...........ccoiiii e 259
Example 6.23: Consumer market and supply Chain...........ccooiiiiiiiiciiceens 267
Example 6.24: Product portfolio and investment policy............cccoovveeeniiivcrcvennn. 272
6.4. DT E=Y ot E=1=1T o) o VPR 285
CHAPTER 7. DESIGNING STATE-BASED BEHAVIOR: STATECHARTS.......cccocoeviiieeean, 287
7.1. WWhat is @ STALECRANT?.........viiiiiiiiie e e e et e e s e e e e e e aeaaaaaeeeaeeeaees 287
Example 7.1: A laptop running on a battery.........ccccociiiiciicccceeeee e, 287
How do statecharts differfrom action charts andflowcharts?............cccccccooveenennn. 288
7.2. Drawing STAtECRAITS......ci ittt e et e e e e e e e e e e e st et e e e eae b e e e resaraas 289
SIMPIE STALES. ...ttt b e e s e et et ee et et ee st e et e e e 290
TEANSITIONS. ...ttt ettt et st es et en s e et e e e e 290
StateChart €Nty POINT..........ccocoiiic b 291
COMPOSILE STALES.... ..ottt sttt ae et s st ss st 292
HISTOTY STALE.......coiieeceiecce ettt sttt 293
FINALSTALE ...ttt sttt 294

7.3. State transitions:. triggers, guards, and aCtiONS......c.ccccieeeieieeieiiieeeeeece s 294



Contents 13

Which transitions are aCtive?.........oooeee oo 294
B I T o =T Y 1= T PRSPPI 295
TIMEOUL EXPIESSIONS. .. eeeii e e ettt e e et e e e e e e e e e e eeeaaaaaaaaaaaaaens 296
Transitions triggered DY MESSAQES. .....uvviiiiiiiiiiiiiieeeeeee e 297
Sending messages t0 & StAtECNAN...........ooiiiiiiiiii e 299
Guards Of tranNSItIONS. ......ooiiiiiiee e 300
Transitions With DranChes.........ooouiiiiiii e e 301
INtErNal trANSILIONS. .....eiiiiiiiieeeeeee e 302
Order Of CtION EXECULION. ......ceiiiiiiiiiie ettt e e e e e e et e e e e e e e e 303
Synchronous vs. asynchronous tranSitioNS.............eevvveiiiiiiiiiieee e 304
7.4. Statechart-related APL......... e —————— 306
7.5. Viewing and debugging the statecharts at FUNTIME........c..cccvuiiiieeeieiiiinieeeesinineeeens 307
7.6. Statecharts for people’s lives and behavior..........cccccciiiiiiiiiiie e 308
EXxample 7.2: LIife Phases. ..ottt 308
Example 7.3: Adoption and diffusion...............ooooiii i 309
Example 7.4: Disease diffUSION...........ccccoiiiiiiiiiiiieeeeee e 310
Example 7.5: Purchase behavior with a choice oftwocompeting products......... 311
1.1 Statecharts for PhySIiCal ODJECTES......ccicuviiiiiieiiiii e e e sesaba e eens 313
Example 7.6: Generic resource with breakdowns and repairs...........cccccceeeeennnnee 313
Example 7.7: DelVEIY TrUCK.........ccoo i e e e e aeaeees 314
Example 7.8: Aircraft maintenance checks.........ccccovvvviviiiiii 314
7.8. Statecharts for products and ProJECTES...........uuuiiiuiiiiiiiiiiiiie e e e e e e e e e eeeeee e e ee e eeaererraaanaa 316
Example 7.9: Product life cycle, including NPD...........covviiiiiiiiiiiiiiiiiiiiiiecieeeeeeeeeee, 316
Example 7.10: Pharmaceutical NPD pipeline...........cccccooiiiiiiiniiiiieecce e 318
7.9. ] =Y =T a =N g iR o] sl 100118 Lo PN 319
Example 7.11: Statechartfor shop working hours...........cccccciiiiiiiiiiiiiee e 319
CHAPTER 8. DISCRETE EVENTS AND EVENT MODEL OBJECT......ccoovviiiiiiiieseeesins 321
8.1. (DT o =] W=R =L V4 L o= TR 321
Bl ST (=1 1 1T 0] (o P 321
Discrete events: approximation of real world continuous processes.................... 321
Discrete event management inside AnyLOgIiC €NgiNe.........ccceevvvvvveeviiiiiiiiiiiineeenen. 323
8.2. Event — the simplest 1ow level MOdel ODJECT.....uuuuuuuiiiiiiiiieeiieeeeeeeee e 324
Example 8.1: Event writes to the model log every time unit............cc.occccvvveeeeenn. 326
Example 8.2: Event generates NEW agENLS........ucvviveiieiiiiiiiiiiiecceeeeeeeeee e 328
Events triggered by @ CONAItION.............uiiiiiiiiiieiee e 329
Example 8.3: Event waits on a stock reaching a certain level............................ 330
Example 8.4: Automatic shutdown after a period ofinactivity........cc.cccccceeeee. 331

Example 8.5: Event slows down the simulation on a particular date................... 333



14  The Big Book of Simulation Modeling * Multimethod Modeling with AnyLogic 6

EVENU AP e et e et et a e e e e e aeaa 334
8.3. DY NAMIC BVENTES. . uiitiiiii e et e e e e s e e e e e e e e e e aeeeeeeeeeseeesessreasssannnnnnann 335
Example 8.6: ProducCt deliVEr ...t eeeeeens 336
API related t0 dyNamIC EVENTS. .......coiiiiiiiiiiie e 333
CHAPTER 9. RAILS AND TRAINS.......cocoitiiitiiitit ettt ettt ettt ettt ettt es s 340
9.1. DY FTaTTaTe I d o TN =] [ oYY o] KoTe |V RPURRPP 341
Example 9.1: A very simple rail yard..........ccccouiiiiii e 342
3D animation Of rail Yards............coooiiiiiiii e 345
Creating rail yards programmatically............ccccccviiiiiiiii e 345
Example 9.2: Creating a rail yard by CO€.........uvvvviiiiiiiiiiiiiiiiiiiieeeee 346
JaVva Class TraCK.......oe i e 347
Java Class SWILCH..........o o ——— 34g
9.2. Defining the operation logic of the rail Model........ccccccviiiiiiiiiiiieeiiiieec e 350
oG L] o] ST TR S I = 11 =1 ] o 352
Example 9.4: Ensuring safe movement of trains...................ccce e, 357
Example 9.5: Simple classification Yard............ccccooiiiiiiiiieeeee e 363
Example 9.6: Airport shuttle train (featuring AnyLogic Pedestrian Library)......... 372
Java class Train (Subclass Of ENTItY)......ccoooioiiiiiiiiiiee e 375
Java Class RaAIICA...........ooi it e e e e e e e e e e e e aaaaaaaaaeeeas 377
CHAPTER 10. JAVA FOR ANYLOGIC USERS......cco i 380
10.1. Primitive data By PeS....cuiiiii et ee ettt ettt e e et e e e e et e e e e s e e e e e e e raatn e e eeseraaaas 381
10.2. (01 FoX=T=Y= =S UURURRPPRPPRNt 382
Class as grouping of data and methods. Objects as instances ofclass.................. 382
Inheritance. Subclass and SUPEr ClaSS..........ccvvviiiiiiiiii e 383
Classes and objects in AnyLogiC MOdEIlS..........uuuviiiiieiiiiiiiiiiieiiieieeeeeeeeeeeeeeeeee e, 385
10.3. Variables (local variables and class FIeldS) .....ccccocoviriiiiniieniien e 387
Local (temporary) variables............ooooriiiiiiiii e e 337
Class variables (fIRldS)........uuu i 388
10.4. S BT aTey ule g Tl (111=] 4 e Yo 1) J PRSPPI 389
Standard and sysStem fUNCLIONS.........cccccciiiiier e e e e e 390
Functions ofthe model elements...........ooooii e 392
Defining YOUr OWN FUNCTION. .......uuiiiiiiiiiiiiiie e 394
10.5. XD IS SIONS. ..ottt et eeaeeeaaaaeaeeeeae et ——————————————— 396
ArtRMEIC EXPrESSIONS......ccoi i rr e e e e e e e e e aaaaaaaeas 396
Relations and @QUATILY. ........ccoiiiiiiiiiii e 398

[0 To (0= Ty o (=11 0] PP 393

SHIING EXPIESSIONS. ...etiiieeeii ittt e e e ettt e e e e e e e e e e s e e e e e e e e s e annrrre e e e e e e e nannneees 399



Contents 15

Conditional operator ?:.......cccccccvveeeveeeeeeeeeeee, 400
10.6. Java arrays and colleCtionS......ccccccccoevvivinneneneeeenn. 400
ATTAYS. oo e 401
COlleCtionS......ccvveeieieeiieeieee e, 403
Replicated active objects are collections too................. 407
10.7. Naming CONVENTIONS. .......ccceuiieieieieieeiee e 408
10.8. STATEMENTS..uuiiiiiiiii et 410
Variable declaration...............cccccccviviiiiiniiieiiieeeneeen, 411
Function call..........ooovvviiiiiiiii 412
ASSIGNMENT.....uuiiiiiiiiii e 412
If-then-elSe.......ccuveeiiiii e 413
SWILCH. .. 414
o] g (070 o 415
While [00P...cccoeiiiiiii 416
Block {...} and indentation...............cccccovvviiiiiene i, 417
Return statement...........cccoiiii 418
COMMENTS....iiiii i 419
10.9. Where am | and how do | getto...?.......cccccveeeeeeiinnnnnn. 421
10.10.  Viewing Java code generated by AnylLogdic................ 423
10.11. Creating your Java classes within AnylLogic model 425
INNEI CIASSES.....coiiiiieeieeee e 428
10.12.  Linking external Java modules (JAR files)............. 429
CHAPTER 11. EXCHANGING DATA WITH EXTERNAL WORLD 430
11.1. TEXT TS uivteieieieietetete ettt ettt ettt ettt ettt ettt s ettt s et et et es st ee e 431
Example 11.1: Using textfile as a log......ouuviiiiiie e e
Example 11.2: Reading table function from a textfile..........cccccccoo. 433
Example 11.3: Reading agent parametersfrom a CSVfile............cccccovvivinnnnnnne. 435
11.2. EXCEl SPIrEaUSNEEES. .. ...ttt ettt ettt et 437
Example 11.4: Reading data of various typesfrom fixed cells in Excel................. 439
Example 11.5: Reading model parameters from Excel using Java reflection....... 441
Example 11.6: Displaying the model output as a chart in Excel
11.3. Databases.......oovciiiiiiiiiii e
@ o U= =
AnyLogic database connectivity objects...........ccccooiiiiiiiiiiiinnne
Example 11.7: Loading datafrom a database and using ResultSet...................... 453
Example 11.8: Creating agent populations parameterizedfrom a database....... 455
Example 11.9: Dumping simulation output into a database table........................ 459

Example 11.10: Using prepared statement when writing to databases............... 462



The Big Book of Simulation Modeling * Multimethod Modeling with AnyLogic 6

11.4. Working With the CHPDOArd........c.cuuiiiiiiiii e e e e e e e eees e
Example 11.11: Working with clipboard..........cccccvvvviviiiiiiii
115 Standard output, the model log, and command line arguments.................... 466

CHAPTER 12. PRESENTATION AND ANIMATION: WORKING WITH SHAPES GROUPS

COLORS ...ttt st b8 E b€ 218 bR E £ £ R b bttt 468
12.1. Drawing and editing SNAPES...........cooviiiriviiesisiieieseeses e sesese s 459
POIYIINES @Nd CUNVES......cuuiiii i 4jq
N O3 TP PRR TP "—Z.471
= SRS 471
1 g F= T T S EEP U
A @ (o [ PSRRI
Selecting hidden Shapes...........ooooi i 475
Coordinates and the grid...........ceeiii e 476
COPYING SNAPES. ... et 477
Locking shapes - preventing selection by mouse...................ccccc e, 477
General properties of graphical Shapes...........coocoviiiiiiiiiiiiii e 479
Advanced properties of graphical Shapes...........c.covveiiiiiiiiiiiii e o
12.2. (C 18] o 1a Ve B aT=1 e =3 TN 480
3D GrOUPS. e 485
Working with the group contents dynamically using APL...........cccccoiiiiiiiiiienneenn. 435
On draw extension point — execute custom code on eachframe......................... 486
Groups in the ProjeCt tree.........oeeviii i 486
Top level groupsfor active object presentation and icon...................oeeeeeieeee e 437
12.3. Animation principles. Dynamic properties of Shapes.........c.cccoeveveeeieeieeeeeeeennenns 437
Dynamic properties OFSNAPES. .....ccooiiiiiiiiiiiiee e 488
Example 12.1: Commodity price change animation............cccccccevvvvviiieiinn. 459
Example 12.2: Elevator doors animation............cc.ueeveeeeeeiieiiiiiiieiiieeieeeeeeeeeee e, 492
Example 12.3: Stock of money animation...........ccccuvveiiiiiiiiiieeiceieiee e e
Example 12.4: Missile attack animation.................ccoooeiiiiiiiiicicieee e 495
ANIMAatioN fraAMES.......ooiiiiii e 497
12.4. REPIICATED SRAPES. ...t eeee et eeeeee ettt et e ettt e et e e et et e e et e e et e e ae et eeee e 490
Example 12.5: Drawing seats in a movie theater.....................c.ccco e, 499
Example 12.6: Selling seats in the movie theater.............ccccciiiiiiiiiiiie e, 501
Example 12.7: Drawing aflOwWer...........cccoiiiiiiiiiiiii e 502
Example 12.8: Product portfolio bubble chart (BCG chart).........ccccccceeeiiiiiiiinnnnn. 504
12.5. SHAPES AP ... 507
Example 12.9: Using color to show the current state of a statechart................... 507

Example 12.10: Show/hide a callout..............ccccooeeeeiennnns ond



Contents 17

Example 12.11: Read graphicsfrom a textfile............cccoooiiiiii e 510
Example 12.12: Find all red CIrCles........oooveeeeeee i 512
Example 12.13: Resize the red CIrClesS........ ... 513
AP| of NON-Persistent SNAPES.......oovviviiiiiiiie 514
AnyLogic Java class hierarchy for shapes.........cccceeiiii 514
12.6. (070) 1o goIr=Y g e [ L=00q U] =0 PSSP 514
Example 12.14: Choosing appropriate colors for an arbitrary number of objects. 516
LI TS o T= U= 1) PP 517
Example 12.15: Using transparency to show coverage zone.............ccccoceeeeeeeeennnee 517
Example 12.16: Show population density using color interpolation..................... 518
CHAPTER 13. DESIGNING INTERACTIVE MODELS: USING CONTROLS...........coeoviiiieeee 521
Example 13.1: Slider linked to a model parameter..............cccovvvvviiiiiiieeeeeeveeiens 522
Example 13.2: Buttons changing the parameter value............cccccccvvvvviieiiiiiiinnnen. 523
Example 13.3: Edit box linked to a parameter of embedded object....................... 525
Example 13.4: Radio buttons changing the view mode..............ccccvivieiiiiiiiinnenen. 526
Example 13.5: Combo box controlling the simulation speed............cccoeeeeeevrirnnnns 527
Example 13.6: File chooserfor textfiles..........ccccii e 529
Indivisibility of control actions and model eVeNnts..........cccvvveveeevieeviieiiiieieeeieeeeeee, 530
13.1. Dynamic propertiesS OF CONTIOIS. ..ot e e e e e ee e ee e e e eeeeneane s 530
Example 13.7: Radio buttons enabling/disabling other controls............................ 530
Example 13.8: Keeping controls in the top left corner of the window.................. 531
Example 13.9: Replicated button.................oooiiiiiii i 532
13.2. (07T o o e ] ES AN . I 533
13.3. Handling MOUSE CHICKS.......oiiiiiiiiiieiiiiiee ettt e e s e e e e e e aaaeaaaes 534
Example 13.10: Hyper link menu to navigate between view areas........................ 535
Example 13.11: Creating dots at the click coordinates.............cccccvveiiiiiiiinnciinens 536
Example 13.12: Catching mouse clicks anywhere on the canvas.............cccccccuvueeee 537
CHAPTER 14. 3D ANIMATION. .....c.cootiiitititiiitet ettt ettt ettt 539
Example 14.1: A very simple model with 3D animation....................coceeeeeeeeinnnes 540
14.1. Primitive 3D Shapes.......cccoiiiiiiiiieee et 542
14.2. 3D GROUPS AND ROTATION......viviitieieteiiet ettt ettt sttt 545
Example 14.2: Rotation in 3D-a sign on two POSES...........coooeei i, 545
Example 14.3: Bridge Crane 3D........ccueiiiiiiiiiiiiiiiiiee ettt 546
14.3. Standard and imported 3D graphiCs.......ccccciiiiiiiiiiiiiiciceeeee e 549
Using standard 3D graphiCsS. ........oeuiiiuiiiiiiiieiiiiiiie e 549
Using external 3D graphiCsS...........uuiuiiiiiiiiiiiiiiieeciee et 550

14.4. Hierarchical 3D animations. Embedded 3D presentation..........cccccceeeiiiiiieeeneennns 551



18 The Big Book of Simulation Modeling * Multimethod Modeling with AnyLogic 6

14.5. 3D WWINAOWS.. .ot e e e e e e e e e e e e et e et et e et ettt e e aasaeaeaaaaaaaaaaaneens 552
Navigation in the 3D SCene at FTUNTIMIE.........coooiiiiiiiiiiiee e 552
MUILIPIE 3D VIBWS.... oot e e e e e e e e e e e e ee e e e e aaaaaaaaaaeeaaaaaeaaeeas 553

14.6. (02210 11X == TP PSSO UUPP RPN 554
Example 14.4: A very simple model with multiple 3D windows and cameras......554
Example 14.5: Camera on @ MoViNg ODJECT.........ccuiiiiiiiiiiiiiieeee e 556

14.7. [T 1 PP PU PR PP ORRPPPP 559
Example 14.6: Examples Of LightS in 3D SCENE........ccceeiiiiiiiiiiiieeeeeee e 561

CHAPTER 15. RANDOMNESS IN ANYLOGIC MODELS......c.ccccoiiiiiieisessee e 565

15.1. Probability diStribUTIONS. .....c.ccviiiii e e e e e b e e e reaaa e eees 565
Probability distribution FUNCHIONS.........ccooiiiiiiiiiiie e 567
DistriDULION FITEING ... 570
Custom (empirical) diStribUtIONS.........ooiiiiiiiii s 570

15.2. Sources of randomness iN the MOAEl..........cccoiiiiiiiiiiin e e 573
Randomness iN Process MOUEIS........uiiiii i e e 574
Randomness in agent based MOdEeIS. ... 576
Example 15.1: Agents randomly distributed within afreeform area.................... 578
Example 15.2: Agents randomly distributed over a finite set of locations............ 579
Randomness in system dynamics MOAEIS...........uuuvviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeee e, 581
Example 15.3: Stock price fluctuations in a system dynamics model.................... 581
Randomness in AnyLogic Simulation eNngine..........cccooviiiiiieniiiiiiiiieee e 582

15.3. Random number generators. Reproducible and unique experiments............... 583
RanNdom NUMDEr ENEIATOIS........cciiiiiiiiii ettt 583
The seed. Reproducible and unique experimentS........c.ccceevvveeeiiiiiiin e, 585
Example 15.4: Reproducible experiment with a stochastic process model........... 585

CHAPTER 16. MODEL TIME, DATE AND CALENDAR. VIRTUAL AND REALTIME............ 589

16.1. The MOAEITIME........iii it et e e e e e e e e ettt et e ettt a s eeeseeeaaaaeaaaaeananes 589
L ST 11PN 590
Developing models independent of time unit settings...........ccccccvvvveviviieeeeeeeeeeeeees. 591

16.2. DEN W=3r=1aTe o= [=) o Ve F= X o P PUUSOP PPN 592
Finding out the current date, day of week, hour ofday, etc..........cccccvvvvrrrvrerrrennnn. 594
Constructing dates. Converting the model date to the model time and vice versa595
Specifying timeouts and delays in days, months, years.............ccccccvvvvvvvinnnrennennnee. 596

16.3. Virtual and real-time eXeCution MOAES...........uuuuuiiiiiiieiieiiiieeeeeeeeeeee e e eeeeveasreaaaraa——. 597
EXECULION MOAE APL.....co e aaes 599

REFERENCES. ..o 601



Contents

INDEX



