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R  Re-Evaluate
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Figure 1 SIMILAR for system engineering
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Interaction may occur —

GASPanel;
\_ Universe of a simulation model )

Figure 3 Schematic view of established simulation model (Yi, 2003)
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JHBHEZ AAE A= Ao sadEd 7hsAol =k
gxHor  FoaAHA  HAA A BE(global  stiffness
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AlEEolAE #AS= ASAPEnvironment @2 olA & Figure
6o ZAIE whel o], IASAPComponent IEJHO|AS 2F&3
AAHAE Afshal,  simulation() ATy aEFE,
G A 7 (tick) S F7HA7IEA 4 AXZUETL
process(), postProcess() WAEE FIHLEH AGeH. 53
process() WAEE A ZF AXUE WH=z <

H
AgFoms, AXUE (o] JRAde] /sES A,

preProcess(),

m

ASAPEnvrionment IASAPComponent

-INodeModel[] nodes -boolean isComplete
-List adjacencyList

+getDouble()

it tick +setDouble()
+setNodes() +getString()
+setAdjacencyList() +setString()
+makeTree() +preProcess()
+simulation() +process(nearModels)

+postProcess()

Figure 6 Class diagram of main class and component interface

AYXdES 23 EF oA F=d3= [ASAPComponent
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isComplete =& 7MX|a1 §lom, AFLdy Zx38 AHE AH,

dgd £ AEE HIHAE (getter/setter) S 7FA L Atk

A A= IASAPComponentE a3t DefaultModelgl= FA4F
FHYPAE AEEle] TR RS ZASrogx Rl Sy 9 S
q&

baskst ¢ 9lor, FE process() WAERE FAetH B
o]

"d (reﬂectlon) 7] %% %"%‘6}01, H}o] E 57 & o] A
2k= "} (introspection) .2 73 % ]
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WAL, AEGE ALE AT 2= Y AGE § Ao aee
dad FHzE AT F AERF S olE FE, MER
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e AGAE A A /\]%aﬂo]/\ﬂg T3y 3}17]

A3jlo} skt WA

=2 maT pil d = -/:Oﬂ 'él\‘}\é%/tﬁ'
Fojsith, Ay A0 £AL A 2l 7 Al o3t HeEEd
GASSOA  EFstA AFEEE ZI9EE FEETh A AE oA
A= 719155 Table 29 sttt o5 7I91=E &35t

?
AlEdeld g HAolA HIEIIES Aztstalr] 9]t
Dok 9% 58 Ao 2= 9t} EA HAITUE &4

mJé
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& woll= “plot” 719 =5 olgsto] T2 ges 42 F Udh

w3k AZbslE AZUES £A4e A EE uel Euelo]
W3ty = A ARE &89 F qorz AlEHM FF
olul X & AAT = Q= Aw olu|A AA 7]eS AFsith

Table 2 Reserved words for ASAP

Keywords Meaning Type (example)
X Position x in canvas Double (500, left side is zero)
y Position y in canvas Double (300, bottom is zero)
size Size ratio of symbol Double (default: 1)
color Color of symbol Color name or RGB value
(“red”, “blue”, “#6699FF”)
shape Shape of component symbol | Shape name or filename
(“rect”, “circle”, “or.png”)
plot_item | Item name to plot chart String (“height”)
plot_list Values for scatter chart Double list (1.5, 2, 3.5, 5)
capture Tick list for snapshot Integer list (10, 20, 30)
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Figure 7 Problem of 2D heat conduction (Kim, 2007)
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Figure 8 Results of 2D heat conduction problem using ASAP

3.3.2 J7x=E dF" A28
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Figure 9 Results of Stochastic PERT
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Figure 11 Result of grid temperature with controller
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Hhel], AA7EE AXUES dd X uwg Mz dEiA =
AEEA, 2 dreldEs 27 ol dAdAZEE e TxE
O|ALGTZE 2t AAHORE A o3Airt,

O|ALTTZE HES ] s, FAF FxES RUE
iy o w 5

A skeltt. A= Figure 148} #Zo] F/4d3ta, o
NS Figure 159 #o] LAl t(Matthews 2013). #|A]sgE
Ay el ASAPE o] &3t Algdold d3E Huo =z o]dAis
T2 AdFS AES

20k 30k/FT 15k/FT 10k

60 9.0 15.0° LY

Figure 14 Problem for moment distribution method

DF 1.000 0.529 0.471 0.640 0.360 1.000 0.000
COF 0.500 0.000 0.500 0.500 0.000 0.500 0.000
FEM -15.0 15.0 -202.5 202.5 -180.0 180.0 -60.0
BAL 15.0 -120.0 0.0
co 0.0 7.5 0.0 0.0 -60.0 0.0 0.0
SUM 0.0 225 -202.5 202.5 -240.0 60.0 -60.0
DIST 0.0 95.3 847 24.0 13.5 0.0 0.0
co 12.0 42.4 0.0 0.0 0.0
SUM 0.0 117.8 -105.8 268.9 -226.5 60.0 -60.0
DIST 0.0 -6.4 -5.6 271 -15.2 0.0 0.0
co -13.6 -2.8 0.0 0.0 0.0
SUM 0.0 111.4 -125.0 238.9 -241.7 60.0 -60.0
DIST 0.0 7.2 6.4 1.8 1.0 0.0 0.0
co 0.9 3.2 0.0 0.0 0.0
SUM 0.0 118.6 -117.7 243.9 -240.7 60.0 -60.0
DIST 0.0 -0.5 -0.4 -2.0 -1.1 0.0 0.0
co -1.0 -0.2 0.0 0.0 0.0
SUM 0.0 118.1 -119.2 241.7 -241.9 60.0 -60.0
DIST 0.0 0.5 0.5 0.1 0.1 0.0 0.0
co 0.1 0.2 0.0 0.0 0.0
SUM 0.0 118.7 -118.6 2420 -241.8 60.0 -60.0

Figure 15 Solution for moment distribution method
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Ml eWE Aitsts €3a2lE5S  Figure 163 o] I==
ZAAdstdtk. AAF ZE = 4-HA FolA “‘nm” & QI
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QKMo vlete] A= s AY E2 dHolH AmTE7E
dostt. wEbd & dAFelAs ddTxE dEshr] 9lske
AXUES] £A44GR WHgr oleo] Addd= 2aF 7= e
ARTEE AATORA, oJdLTTEE RUY F U

THE EHE ] AXAES o]&3sto], Figure 173 o]
AlaES sk AlEdeldes FEd Ay oF 0.1%° A7t
AT ol AAE AieM= ARt FIbel wEEdHeS
Tt Ak, AlAE AlEHolde F3E we S CA
Hheds kA @ Albske g ol A3 Aol2 AT
01: | @Override
02: | public void process(List<TreeNode> neighborhoods) {
03: for (TreeNode n : neighborhoods) {
04: IASAPComponent nm = n.getModel();
05: setDouble("CO", nm.getId(), nm.getDouble("BAL", getId()) * .5);
06: }
e7: | }

Figure 16 A main code for parallel communication
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Figure 17 Simulation viewer to solve moment distribution problem
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Figure 18 Simulation for lindenmayer systems
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3.6 ASAPS 74
3.6.1 Al EHlA &3 T4

2 el AAISE AA 2 I AAREES REYske] JiEst ASAPO
T8 TAe Figure 190 Z#A vojojasios TA skt
AlEEOIE Y FrE, ARAY, A3 T T8 dFE wEske
ASAPEnvironment S¥dAE THORE IAH FYAE
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<<lava Class=>
(3 ASAPEnvironment

system.oon

«=lava Enumeration==

O Type

system.oon

S DIRECTION: Type
% NONDIRECTION: Type

& Type()

%FDOTTED_STROKE: Stroke

% FBASIC_STROKE: Stroke

<+ isNodeAdded_: boolean

< adjacencyMatrix_: int[][}

<+ adjacencyList_: List=String=

< adjacencyListSym_: List=String=

< adjacencyMap_: Map<Integer,int]}=
< nodes_: List=lASAPComponent=

< nodeMap_: Map<integer, lASAPComponent>
< roots_: List<TreeNode=

<» graphType_: Type

< captureTime_: Listzinteger=

< isWisible_: boolean

<+ isChartVisible_: boolean

<+ isWertexLabelVisible_: boolean

< isEdgeLabelVisible_: boolean

<» transparency: Map<integer Number=
< frame_: JFrame

< ww_: VisualizationViewer<Integer, String=
< jungGraph_: Graph=integer, String>
<+ maxNodeld_: int

< time_: int

<> nwFrame_: NetworkViewer

< chartFrame_: JFrame

< chart_: JFreeChart

< xySeriesDatazet: Xv'SeriesCollection

& ASAPEnvironment()
@cASAPEnvirunment(Type}

@ setNetworkModel(Type):void

@ setNode(lASAPComponent]lh:void

@ addNode(lASAPComponent]])void

@ makeTree().void

@ makeTree(int):void

@ simulation(}:void

@ simulationResume(int):void

@ updateGUI(boolean, long):void

@ repaintChart(}:void

@ simulation{int):void

@ setAdjacencyList{String ):void

@ setddjacencyMatrix(int[[):void

@ setAdjacencyListiint,int):void

@ sethdjacencylistReport(int,int):void

@ getMaxid():int

@ addChild{l4SAPComponent lASAPComponent):void
@ showFrame():void

@ showFrameOld(}):void

@ addJUNGEdge(int,int,int EdgeType).void
@ setPrintVisible(boolean): void

@ setChartVisible(boolean ) void

@ sefVertexLabelisible(boolean ) void

@ setEdgelabelVisible(boolean):void

@ findModesFromld(Integer):lASAPComponent
@ getGraphType():Type

@ repaint(yvoid

@ getTick(yint

@ sefVertexEdgeData(NetworkViewer): void
@ repaintViewer(boolean):void

@ encedelist{String,double], double]]): String
@ hasNodePosition(}:boolean

@ setCharTitle(String):void

@ addCaptureTime(String, intl):void

@ capturelmage(String):void

#nvffame

model

0.

#roots_

==Java Class==
(3 NetworkViewer

system.con

OCNetwurkViewer(}

@ calcBoundary():void

@ savelmage(String):void

@ setModel(ASAPEnvironment)void
@ addJUNGVertex(int)void

@ addJUNGEdge(int,int,int EdgeType):void
@ addJUNGEdge(int,int EdgeType).void
@ updateVertexPosition():void

@ setVertexLabelisible(boolean):void
@ setEdgelabelVisible(boolean):void
@ addReporthode(int):void

0.1

<<lava Class==

GLink

system.con

ecLinkUreeNude.TreeNude}
@ getEndNode(): TreeNode
@ getStartNode( ) TreeNode

v U

==Java Class=>
(® TreeNode

systam.oon

o nodeldx_: int

& TreeNodefint)

@ getid(yint

@ addChild(TreeNode):void

@ getChild(}:List<TreeNode=

@ process()void

@ setModel(lASAPComponent):void
@ getModel():lASAPComponent

@ getChildrenSize()int

0.Zmodel_ |0..1

#universe_

==Java Interface=»
€3 IASAPComponent

system. oon.model

4

<<Java Class=»
(3 DefaultModel

system.oon.model

==Java Class>>
(3 ASAPEnvironment Sglite

system.oon

OCASAPEnvirunmentSqI'rte(String}
@ initDB(String):void

= openDB()void

@ simulationResume(int)void

@ simulation(int):void

@ writePhysicallB():void

@ reportAliDatalint lASAPComponent) void
@ closeConnection():void

@ repaint():void

Figure 19 Class diagram related with simulator environment
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isComplete) MAEE F&H o2 eWeto|tsto] F+dstal Qi
o

ndef wep F714 7 EAEY, dAFoeR HAs
N

d FUAE A EW, DefaultModel
H A7 EASHA gom, AlEE oA
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==Java Class=»

(& Irrigation2DModel

system.oon. model

& Irrigation2DModel)
@ inftialize(}

@ postProcess()

@ preProcess()

@ process()

=<Java Interfaces==
3 IASAPComponent

system.con.model

<=lava Class==
(@ HPAlInfectionModel

system. con. model

@ getld(}:int

@ intialize(}:void

@ process(List<TreeNode=)void
@ get(String).double

@ set(String, double):void

@ hasValueKey(5tring):boolean
@ getString(String}):String

@ setString(String, String):void
@ preProcess()void

@ postProcess()void

@ isComplete() boolean

@ getPosition():Peint2D

@ getkeys() Set<String>

@ setUniverse(ASAPEnvironment)void

-model_

==]ava Class=»

(& Link

system.oon

0. fl0.1

<<lava Class>>

D::1

GCHPAIInfectionl.WdeI(}
@ initialize(}

@ postProcess()

@ preProcess()

@ process()

Gct‘.unsu lidationOneDimensioniodel()

@ intialize()

@ postProcess()
< setColor(}

@ preProcess()
@ process()

\

<=Java Class>>
(® ConsolidationOneDimensionModel

system. oon. model

|7

A

Funiy

<<lava Class=»
(3 DefaultModel

system. oon. mode|

< index_: int

< dataset_: Map=String, Double=
< stringSet_: Map=String, String=
< isComplete_: boolean

< point_: Point2D

==Java Class==

(® OrificeModel

system.oon.mods!

==Java Class=»

(® StaticsNode

system.oon. model statics.

[

I\

(& TreeNode

system.oon i

#roots_ |0.*

==lava Class=>
(® ASAPEnvironment

system.oon

e_

==]ava Class==

(B CATrussNode

system.oon.model.ca_truss

GCCATrussNode(}
@ initialize()

@ postProcess()
@ preProcess()
@ process()

© get()

@ getPosition()

<=lava Class=»
(® StaticsElement

system.con.model statics

==lava Class="
(5 WaterTankMo

system. oo model

<<lava Class>>

(3 ChlorideModel

systam.oon. model. chioride

& Orificabodelr)
@ getld()

@ intiglize(y

@ isComplete()
@ postProcess()
@ preProcess()

@ process()

& staticsNode()

@ getld()

@ inftialize(}

@ isComplete()

@ postProcess()
@ preProcess()

@ process()

@ set()

© get()

@ setinitialForceX()
@ setinitialForcey'()
@ setPos()

@ getPosition(}

@ getString()

@ setString(}

@ isComplete()
@ postProcess()
@ preProcess()

@ process()

@ isComplete()
@ postProcess()
@ preProcess()
@ process()

@' StaticsElement() & WaterTankModel(} & ChlorideModel()
@ getid(} @ getid() @ getid(}
@ initialize(} @ inttialize() @ initialize(}

@ isComplete()
@ postProcess()
< setColor()

@ preProcess()

@ set()

© get()

@ setPos()

@ getPosition()
@ getString()}
@ setString()

@ process()
@ set()

© get()

@ getPosition()
@ getString()
@ setString(}

Figure 20 Class diagram related to implement system models
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Table 3 Classification of example problems

Topological link Physical link
Homogeneous Water Tank Consolidation
Three—reservoir Soil moisture
Chloride
Heterogeneous Infection Truss
Cloning Growth of plant
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1) AlEEolA 2742 ASAPEnvironment QIABIAE A4

2) AEXJE [IASAPComponent IAHAE A

3) HEITE AA®IA9 £A4 A4

4) AXUE QJIAHAE A& A 5

5) HEXWE JI2HAS] A4 HJHE AlEHoA &4 &=

6) AlEHeld e x7|gsta, AlEdlA A

9 =4l we A" AdE Asx 29 oW
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AlEE ol Zy A9l ASAPEnvironment 1AEHA A4S
4—6=c] ZAdstlch. dolEHol A o] § offe] wet 4WA =
=2 WA & I=F AdYsta, HolEHlolAE o] fste= B Fole
dlojgHlo]~e]  ARE  wpiWTE dAFooF st o
TFolafjof gt

Uso2 HAIVUE QJAA'|AE A= Aol 7-1204

Z7HA19]  ZEo|Y. 97| E 2709 OrificeModel QIAHAE
Y=, ‘height” WTFE ZHZE AFSEE AA8H. AEE
HEUE QIx’dro] £45 AAshs 3ol 13-14W4 Foltt.
ol HIWUE FH7F ¢4mH%a, o5 ASAPEnvironment©]
Agdstel Y AAA FAHALAE AXFEF  AAHs T
Alads TS fas e dd TrEe 17EA S 2ol
ZHdsto], AlEdlold Aol At Fe I+ FojXl ARE
ngtow AlEdold Es xVIgeta, #= FAsH]
a9 =Zel FAE AZEste] HolF= NetworkViewer”F 34
Aol YeUEE WEs 3T nxer 7 AXdE He
AATx=E  Eleta, AlFEdolde] F3Fdrt. olgd IE+
reskA e 4+ loen, d3%  GUI  (Graphical User
Interface) = tjAlld &+ Qltt

01l: | public class OrificeApp {

02: public static void main(String[] args) {

03: | // if no database, uncomment

o4: | // ASAPEnvironment app = new ASAPEnvironment();

05: ASAPEnvironment app = new

26 ASAPEnvironmentSqlite("db/orifice.db");

07: int nodeCount = 2;

es: IASAPComponent[] nodes = new IASAPComponent[nodeCount];

09: for (int i = @; i < nodeCount; i++) {

le: nodes[i] = new OrificeModel(i+1);

11: nodes[i].setString("plot_item", "height");

12: }

13: nodes[@].set("height", 50);

14: nodes[1].set("height", 200);

15:

16: app.setNode(nodes);

17: app.setAdjacencyList(nodes[0].getId(), nodes[1].getId());
’ app.setChartTitle("Heights");

18: app.showFrame();

19: app.makeTree();

20: app.simulation();

21: }

22: | }
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Figure 21 A main code for setting simulation environment
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Figure 22 Problem for water height function of one tank
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Figure 23 Problem for water height function of two tanks
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Figure 24 Problem for water height function of three tanks
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h(t)+ h, (1) + hy () = 200
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s} Zo] TAEAT ZECA process() HAEOA AHEAE o]

gael, Wl VTN FANHTE ANIHAG. AAH psm
Bl 985 7hA b mladked], =oA & 5 Slkol AT Ak
FAEFAME ddE w=E=r7F oA 4 o gla, @A
‘neighborhoods” = =& AEE Wi/lHT- = Hlola] o]

g3t} o] YAEE ARV £ AE JYstal, AlARES A
HAIVES Addls JRE nfgos dedd Ale] HE4 Ay

23t o] f+= process() UﬂJ~ﬁ-‘5 Zt AXUETE FAlof| F3EHE
, o FAoA AE Fxste grol WHAEW, HEUE mehA
ME e AEY e FxeA HER Fds A t-19 3=
o] g3ato] AAHES &F7] flgtolt

01: | @Override

02: | public void process(List<TreeNode> neighborhoods) {

03: double hl = getDouble("height");

04: double transferTotal =

05: for (TreeNode n : neighborhoods) {

06: IASAPComponent nm = n.getModel();

07: double h2 = nm.getDouble("height");

08: double trans = Math

09: .sqrt(2 * 9.81 * Math.abs(h2- h1)) * .01;
10: if (hl1 > h2) trans = -trans;

11: transferTotal += trans;

12: }

13: }

14: setDouble(“trans”, transferTotal);

15: | }

16:

17: | @Override

18: | public void postProcess() {

19: setDouble(“height”, getDouble("height") + getDouble(“trans”));
20: | }

Figure 25 Program code for water height problem with linked tanks
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Figure 26 Screenshots of ASAP for two tanks problem
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Figure 27 Comparison of simulated result to analytic result
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Figure 28 Simulation model results related to delta time
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Figure 29 Simulated water height for three tanks problem
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Table 4 Watershed characteristics of three reservoirs

Geumseok Moogeuk Yonggye
Paddy (%) 5.9 3.1 7.5
Forrest (%) 76.5 83.0 74.4
Upland (%) 7.5 5.5 11.4
Area (km®) 5.3 6.3 12.1
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Figure 31 Simulated results of weather and watershed components
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Table 5 Level-storage (m-10°m?) lookup table for three reservoirs

Level (m)
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

Geumseok
0.0
0.8
4.5
123
26
48.7
819
130.1
197.9
287.8
409.5
5614
7447
952.9
1185.5
14525
1757.3
21133
2516.1
2976
3512.6

Moogeuk

0.0

0.7

4.2
11.7
24.8
514
97.2
161.7
2431
3385
4543
598.8
7733
9715
1192.8
14541
1840.9
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Yonggye

0.0

15

8.1
23.8
50
87.2
1411
217.1
312.8
4273
5739
757.1
978.1
1229.2
1509.7
1831.7
2199.2
2614.1
3094.6
3667.0



134 4098.1 22941 4297.9
135 4732.0
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Figure 33 Simulated water level among the linked three reservoirs
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(b) Geumseok

Figure 34 Scatter plot between observed and simulated level
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A= Fol stzol 7hellAd, stso® Q& Fh=a¢ko] WA

o= )7+t (excess pore water pressure)©]gtil =4,
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s=2A "o Eo] & Ho oA, ZE2E& SEv
S

Sof, EEAF AL
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Figure 35 Depth—-time grid for simulating consolidation
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Ao AzeT
01: | @Override
02: | public void postProcess() {
03: setDouble(KEY_U, sumU);
04: setDouble(KEY_R, cv * dt / (Math.pow(dz, 2)));
e5: | }
06: | @Override
07: | public void process(List<TreeNode> neighborhoods) {
08: sumU = 0;
09: for (TreeNode n : neighborhoods) {
10: IASAPComponent nm = n.getModel();
11: sumU += nm.getDouble(KEY_R) * nm.getDouble(KEY_U);
12: }
13: sumU += (1 - 2 * getDouble(KEY_R)) * getDouble(KEY_U);

65




14: | }

Figure 36 A main code of consolidation component
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Figure 37 Results of consolidation problem using ASAP
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TE FYFoR gsd, v 2o] mixed—form Richards
equation®! 2] (41)=2 ¥ HH}H(Celia et al. 1990).
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01: | private void vanGenuchten() {

02: double M = 1 - 1/get(N);

03: //---- soil water content -> soil water potential ----//

04: set(Psi, (1 / get(A)) * Math.pow(Math.pow(

05: (get(ThS) - get(ThR)) / (get(Th) - get(ThrR)), 1 / M) - 1,
06: 1/ get(N)));

07: //---- soil water potential -> hydraulic conductivity ----//
08: double Se = Math.pow(1l/(1+Math.pow(get(A)*get(Psi),get(N))),M);
09: setDouble("Se", Se);

10: set(K, get(Ks) * Math.pow(Se, ©.5) * Math.pow(1

11: -Math.pow(get(A) * get(Psi), get(N) - 1) * Se, 2));

12: | }

13:

14: | @Override

15: | public void preProcess() {
16: vanGenuchten();

17: | }

18:
19: | @Override

20: | public void process(List<TreeNode> neighborhoods) {

21: double Th2temp = get(Th);

22:

23: for (TreeNode n : neighborhoods) {

24: IASAPComponent nm = n.getModel();

25: double kvalue = (get(nm, K) + get(K)) / 2;
26: double DIR = 0O;

27: if (get(nm, y) - get(y) > 0.01) {

28: DIR = 1;

29: } else if (get(nm, y) - get(y) < -0.01) {
30: DIR = -1;

31: }

32: Th2temp += (get(dT)/Math.pow(get(dx),2))
33: *(kValue*(-(get(nm, Psi)-get(Psi))+DIR*get(dz)));
34: }

35: setDouble(Th2, Th2temp);

36: | }

37:

38: | @Override

39: | public void postProcess() {
40: setDouble(Th, Th2);

41: | }

Figure 38 A main code of distribution component for soil water
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a) t=4 hr

21 | 22 | 23 | 24 38 | 39 | 40

41 | 42 | 43 | 14 58 | 59 | 60
61 | 62 | 83 | B4 78 | 79 | 80
81 | 82 | 83 | 84 %8 | 99 | 100

118 | 119 | 120

121 | 122 | 123 | 124 138 | 139 | 140
141 | 142 | 143 | 144 e
161 | 162 | 163 | 164 178 | 179 | 180

108 | 199 | 200

201 | 202 | 203 | 204 | 205 | 206 | 207 [ 208 | 209 | 210 | 211 | 212 [ 213 | 214 | 215 | 216 | 217 | 218 | 219 | 220

b) t=12 hr
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c) t=24 hr
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d) t=48 hr
Figure 39 Simulated results of soil moisture distribution (4hr irrigation)

76




=

Mo

& el A

oebA g A5 A A,

I 57 Av Jdelx= =tsta, st

3]

[e)

o
o=

il 71

3]

FEe 4A Az A

AR I

ojy

w

uzol ofely welst AAROR o|FolAA Estm Ytk web

s716] o 27177

AlE o]

3 @ s},

™

ATEZAPER Al

Z

=
K

R
¢

ol
A

=

=

»A
o\

R

& A

o
P Qe RO

O
T

L
= R

of wet gEkAA HaL, eRHow

s

3717 =

—_
o

i

o
~

—_
o

AA =

=

Euﬂcﬂogoﬂ

otk wahA

PN
T

gslgi/yq

B/

o

i

shel, ol

= Mg

R
-
ol
o)
oY
oy
=R

<]

77



g FAYUE FxE AS5W EAske e dEe] FAHYE

o]7b= AL Ficke A2HHAor mAT 4

at - aXZ (47)

1

A7 A D @0l FAAF (em’fsec), ti= A3H(sec), x i

A (em) % Svldeh o 4% Fa Y X elA A S8l
WE GEgel wWaE ANT £ Atk 99 4 23 FuS

_

gaaERon Azt ofdl A¥ ol e & gl o
e 41 AFelA ol%d BEUES ; AFINY £ e

olg3tol Y HEVES ARTFL A4shs Holdtn ¥ 5 Yk

+C

m,n+1

+C

m—1,n

Ct+1 ZF:)(Cn

m,n m+1,n

)+(1-4F,)C,, (48)

m,n—1

ol Wl F,& ol A (49)= ZHT Rew, 1 gko] 1/4Rt

PN
0 T
e g el FAdtE 24 2 g

XN

F;:‘DAZ
(Ax) (49)
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29:
30:
31:
32:
33:

@Override

public void process(List<TreeNode> neighborhoods) {
double dt = this.getDouble("dt");
double dx = this.getDouble("dx");

String material = this.getString("material");

double diffusionCoefficient =
DiffusionCoefficient.chloride(material, this.age);

double Fo = diffusionCoefficient * dt / (dx * dx);

if(Fo > 0.25){
System.err.printf("Too Big Fo: %f, id: %d%n",
Fo, this.getId());
System.exit(1);
}

double sumNeighborTemp = 0.0;
double preTemp = getDouble("preChloride");

for (TreeNode neighbor : neighborhoods) {
double neighborhoodTemp =
neighbor.getModel().getDouble("preChloride");

sumNeighborTemp += neighborhoodTemp;

}

double chloride = Fo*sumNeighborTemp + (1-4*Fo)*preTemp;

this.setDouble("chloride", chloride);

Figure 41 A main code of chloride penetration component
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Figure 43 Chloride attack progress on the corner at 1st year, 10 years
later, and 20 years later
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Figure 44 Chloride attack progress at a 10cm deep point from surface
without repair or recover treatment
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Figure 46 Chloride attack progress considering repair every 20 years at
a 10cm deep point from surface without repair or recover treatment
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]9 Atk o] WxE] HAE eu¥W T Hrt 9
AR E Ao Fal RS vlotsl= Ao Fesit

2 doA e 2008 ZANA A T A HPAT Apellel] gt
AetxAL A¥E v o R F7bE sk, s A9 FEE
Frreto], AAg WAZE o]FoAXA s Ao #HA st
PAE Bolstazt itk

D AEgES 13T #9357 I

gatol FE BAUIR

ARe, AXIES FASGAY. 5719 ZaS Frer] §sh
AAE FrE =Yy, thed 22 AHd s dYaaich

S(N,t)=clean : IR(N,t)<0.2
S(N,t)=infect : IR(N,t)>0.2 (51)
S(N,t)=killed : IR(N,t)>0.5

oA7IM, S(N.H)i= N WA F7ke] A7) e E SulstH, =
B4, A, AAE AHE FEEn RWNV.) = A AEER N
WA S7E7F A1 el el tig A= g okl

A BAES B W 293t s} 9% 90w TR
Fogom, B R Qe oy Adel HPAVE B4% A%,
A ) kel A gRES W BN 168 Frbehs
Row Aelahdrh. B7h A% 29 A FIbt Aol A AL,
7 A9 FFEL ;elstel, A ke gedse] FAH:
Ao AASYLh Wek 7 gl gase] AARE T
wejo] o FolAm, AAW eje] HrhE Fu Erkel © oy
AFE w4 gt Aom MY o9 ¥

IR(N,t)=IR(N,t ~1)x(1+0.01)+ IR(M,t —1)x SRx R(N,M)  (52)

4714, N =



RN, M) & N 577 M 571258 Z99ds s 5o,
feb M s7Ph BAEelAY AR gEeld, RW,M) o
T3 ANTES 007 A ATH

2) #AIE7H AXIEY 78

a4 w7 AEGEE Figure 4739 o] HIXUE ZIZAAE
Agstich, AAel HYAAE FAtEo] 20% oA AS, 7
FEE BASHEE AAEglon, 50% oldd Aol AAE
Agz AAstd. s AdstdA, AEHES MR o]
A gste], MIER A FololA AlEeloldo] Aol wet A EE
Fg 5 YES TARAL. #9 ZAANHE I FAFS
B153te], A oJAaTTRE ZE H49d dAATSE M5H
“ew’E FHSslo], 4 (62)F TS

01: | @Override

02: | public void preProcess() {

03: if (infection_ >= .2 && getString("status").equals(“clean")) {

04: setString("status", "Infect");

05: setString("color", "996666");

06: }

07: if (infection_ >= .5) {

08: setString("color", "cccccc");

09: setString("status", "Kill");

10: isComplete_ = true;

11: }

12: setDouble("infection", infection_);

13: | }

14:

15: | @Override

16: | public void process(List<TreeNode> neighborhoods) {

17: double add = 9;

18: for (TreeNode n : neighborhoods) {

19: IASAPComponent nm = n.getModel();

20: if (n.getModel().getString("status") != null

21: && n.getModel().getString("status").equals("Infect")) {

22: add += getDouble("ew", n.getModel().getId())

23: *n.getModel().getDouble(("Infect"))

24: *getDouble ("spreadRatio");

25: }

26: }

27: infection_ = infection_ * (1l+getDouble("incRatio")) + add;

28: | }

Figure 47 A main code of infection component

87 S B8 i)

o



QBN
Atk F7F fA= AR HAE

= st =
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Figure 50 Simulated network about infection status of stockbreeding
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Figure 51 Number of infective stockbreeding
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01: | @Override
02: | public void process(List<TreeNode> neighborhoods) {

03: if (getString("fixed") != null) { return; }

04: sumB[@] = getDouble("fx");

05: sumB[1] = getDouble("fy");

06: for (int i = 0; i <2; i++) {

07: for (int j = ©; j <2; j++) {

08: uv[i][3j] =

09: }

10: }

11: for (TreeNode n : neighborhoods) {

12: IASAPComponent nm = n.getModel();

13: double x2 = nm.getDouble("x");

14: double y2 = nm.getDouble("y");

15: double x1 = getDouble("x");

16: double yl = getDouble("y");

17: double A = getDouble("A", nm.getId());

18: double E = 10000.;

19: double u = nm.getDouble("u");

20: double v = nm.getDouble("v");

21: double L = Math.sqrt(Math.pow(x2-x1, 2) + Math.pow(y2-y1l, 2));
22: double cos = (x2 - x1) / L;

23: double sin = (y2 - y1) / L;

24: sumB[@] += (E*A*cos*u/L + E*A*sin*v/L) * cos;
25: sumB[1] += (E*A*cos*u/L + E*A*sin*v/L) * sin;
26: uv[@][@] += E*A*cos/L*cos;

27: uv[@][1] += E*A*sin/L*cos;

28: uv[1][@] += E*A*cos/L*sin;

29: uv[1][1] += E*A*sin/L*sin;

30: }

31: | }

Figure 53 A main program code for truss node component
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Figure 54 Ten bar problem and solution (This study)

4) 5-EfX Tz 4

Mg Eda Pz AXUES HE oS AHHI] 8§k,
wElt Bgel] ZEE 8w FEel Edass oE <
AE Eds FxE Folsdth Add AT 98
Z2IMoR A3 AR} AFEHE EAS AAsgon, FA9
A2 Figure 559 % A8 4= 9tk Eu Al nEo 2o

o)
Table 79} o] g 4 glom, 4 dAxe= d= F9
Matlab® F =% A|¥3ka 3tk (Bhatti 2005).

Figure 55 Problem set for 5—-truss structure
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Table 7 Properties of nodes and edges for 5—-truss problem

NodeID x (cm) vy (cm) | ElementID E (GPa) A (em®)
1 0 0 1 200 40
2 150 350 2 200 40
3 0 500 3 200 30
4 500 500 4 200 30
5 70 20
Aled FZE=E olfste] Folxd ZAlS WSE AAFsATh
wAlel A 29 A #Eet= = 150kNe =z gofstals o,
gk g el weh WevE flal, e AL 2w
A3 AR M= 72 (0.5390, —0.9531), (0.2647,

~

—0.2647) % AALE AT

2 ATl Mg ASAP A FAE Sldstr] flske,
Figure 563 Zo] #A1¢ =& Z2ax) I==Z ZAdseln
Hel AJEd ol g7 el ASAPEnvironment S1AE Ao %317
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T2 HEXAES At 7-218dA Eda =t 49l
#H3E, 1T ofF, THEZ ZA AR F5 A 22zklA
ASAPEnvironment Q2B Ao AXHE ARE HEdTo=zHy,

A2 FA ks Q4o tid Qo= viygEn. o]% I+
Las e WAE AYs] SR ZERAM, 24-268R1
APALE wMdE sttt 2745274 = A4 {4, =
EYAa A4S Yulstes @i d, & ATE dosta ok AlAgE
FESE o] AAEAN S BT st v, Q4] figh g9t
2 4684 ASAPEnvironment SQIAE Ao Q490
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01: | public void problem5Truss(ASAPEnvironment app) {
02: int nodeCount = 4;
03: IASAPComponent[] nodes = new IASAPComponent[nodeCount];
04: for (int i = @; i < nodeCount; i++) {
05: nodes[i] = new GASSTrussComponent(i+1);
06: }
07: nodes[@].setDouble("x", 0);
08: nodes[@].setDouble("y", 0);
09: nodes[@].setStrlng("flxed", "fixed");
1o: nodes[1].setDouble("x", 150);
11: nodes[1].setDouble("y", 350);
12: nodes[1].setDouble("fy", -150);
13: nodes[1].setString("plot_item", "v");
(..))
22: app.setNode(nodes);
23:
24: int[][] adjacencyMat = new int[][]{
25: ( -1,0,2,-1), ( -1,-1,4,1), ( -1,-1,-1,3 ), ( -1,-1,-1,-1 )
26: };
27: for (int i = @; i <adjacencyMat.length; i++) {
28: for (int j = 0@; j <adjacencyMat[i].length; j++) {
29: if (adjacencyMat[i][j]>=0 &&adjacencyMat[i][j]<2) {
30: nodes[i].setDouble("A_"+nodes[j].getId(), 40);
31: nodes[j].setDouble("A_"+nodes[i].getId(), 40);
32: nodes[i].setDouble("E_"+nodes[j].getId(), 200);
33: nodes[j].setDouble("E_"+nodes[i].getId(), 200);
34: } else if (adjacencyMat[i][j]>=2&&adjacencyMat[i][]j]<4) {
G..)
39: }
G..)
44: }
45: }
46: app.setAdjacencyMatrix(adjacencyMatrix);
47: | }

Figure 56 A main program to set up problem

AAE ZEF o] gsto] AlEHIAS 73, Figure 573
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Figure 57 (b) &} Zo] A& HAZroz Tz ZA3 Foh
I 2= A Figure 56914 243 o)X HEXPE A4 07
‘plot_item” o|gt= W] 3= WHF o|F VM= vEH
HeEERl v Y S W TE dAFE, Asor gk
H3lE T A 94 Matlab® FE=9] a4 A3 (-0.9531 mm,
-0.2647 mm) 9} 22 Axz AZsta QS-S Figure 57 (b) oﬂﬁ
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golst 4 Qlth. ASAPEnvironmentol]A HEoJH FE  #H
sqglitegt= Y dlojgulolA® A =d, ANMAIR T]E
AT AR} Faxa ol Fdst Ad34E elstinh
TES ALt 7 AFEJ 2 HAH¥y 3 AR yugk
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el 2719l YAE FrHoRE WHIAZ|EA HSsIe
olagfd 4 Aok, ZAHZE F oy AAs] AyE™, 29
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(a) Network Viewer (b) Chart Viewer for results

Figure 57 Results of 5—truss problem using ASAP
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Figure 58 Example for 11-truss structure
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Table 8 Displacements comparison of ANSYS and this study

ANSYS® GASSTrussComponent
Node
Ux Uy U \Y

1 0.0000 0.0000 0.00000 0.00000
2 3.0836 -3.5033 3.08364 -3.50328
3 0.7460 -6.5759 0.74604 -6.57587
4 1.5916 -7.2363 1.59155 -7.23630
5 2.3127 -6.9923 2.31273 -6.99228
6 -0.0497 -3.7330 -0.04973 -3.73301
7 3.1334 0.0000 3.13337 0.00000
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‘ Pre-processor |

l

‘ Make local stiffness matrix |

}

Transform matrix into
global coordinate

}

‘ Assemble stiffness matrix |

l

‘ Assemble load vector |

}

‘ Solve system equation |D

l

‘ Post-processor |

(a) ASAP

‘ Pre-processor

}

‘ Make local stiffness matrix

l

Transform matrix into
global coordinate

}

Information Fetch from
neighbor component

A 4

‘ Solve component equation

A 4

‘ Draw Component status

(b) FEM

Figure 59 Flow chart of FEM and truss simulation with ASAP
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H AT A= 7HA] 9] Zb%, 719 do] 5 A

AYet= 7lso Aestiadth. 2= 7k 2

U7t o] As HE7] e 21 V=skdlen, ZE S

makeBranch() WAT= Fojzl Zbeel ol wel HAXWUEE
7

A A2 W7 AXdES Asts Vles AT

X
i

dES A% 548
L
1_.

01: | @Override
02: | public void process(List<TreeNode> neighborhoods) {

03: if (!isComplete_) {

04: double angle = Math.random()*15+30;

05: double branchLength = get("length") * (Math.random()*.2+.9);
06: if (neighborhoods.size() == 0) {

07: makeBranch(5-Math.random()*10, branchLength * .8);

08: } else {

09: makeBranch(5-Math.random()*10, branchLength * .8);

10: makeBranch(angle, branchLength * (0.6+Math.random()*.2));
11: }

12: isComplete_ = true;

13: }

14: | }

15: | @Override
16: | public void preProcess() {

17: if (get("length") < 10) {

18: isComplete_ = true;

19: }

20: | }

21: | public void makeBranch(double angle, double branchLength) {

22: IASAPComponent branch = new

23: LindermayerSystemRandModel (universe_.getMaxId());

24: double dirx = get("dirx");

25: double diry = get("diry");

26: double dirxy = Math.sqrt(Math.pow(dirx, 2) + Math.pow(diry, 2));
27: dirx /= dirxy;

28: diry /= dirxy;

29: double sin = Math.sin(get("prefSide") * Math.PI / 180 * angle);
30: double cos = Math.cos(get("prefSide") * Math.PI / 180 * angle);
31: branch.set("x", get("x")

32: + (dlrx * cos + diry * sin) * branchLength);
33: branch.set("y", get("y")

34: + (-dlrx * sin + diry * cos) * branchLength);
35: branch.set("prefSide", get("prefSide") * -1);

36: branch.set("size", 0.05);

37: branch.set("length", branchLength);

38: branch.set("dirx", dirx * cos + diry * sin);

39: branch.set("diry", -dirx * sin + diry * cos);

40: universe_.addChild(this, branch);

41: | }

Figure 60 A main program code for plant growth
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Figure 61 Simulation for plant growth based on L-systems
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wiolAe TYst AlAR Algdold =4E HESHL, o=
ol =47 e SHAE AAsta, AQAIAHEC] 7HE
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Abstract

Development of Agricultural Systems
Application Platform enhancing Connection,

Communication, and Cloning

Taegon Kim

Major in Rural Systems Engineering
Department of Landscape Architecture and
Rural Systems Engineering

The Graduate School

Seoul National University

System simulation consists of complex processes to model
component behaviors and describe component interactions. The
complexity of these processes prohibits a system simulation
model from establishing the relationships between upper—
models and sub—models. In this study, we replace the
procedural paradigm with an object—oriented paradigm for
complex system simulation to reduce the complexity. Many
system simulation studies have adopted an object oriented
paradigm, but the integration parts still have procedural codes
even though these studies have attempted to mitigate
dependency and complexity issues.

System simulation tools have been reviewed to extract key
features for simulating systems. The Unidirectional Information
Fetch (UIF) method was especially selected as the key feature
referenced from the Generic Agricultural Systems Simulator

.
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(GASS). We also examined the behaviors of living organisms
which is a complex and well—organized system for finding the
clues of the generic system simulation. The living organisms
has three major behavioral features: connection, communication,
and cloning. First, organs are connected with not only adjacent
elements but also long—distance entities for information
exchange. Second, the interaction among organs is possible
through various means. Third, the birth and death of elements
evolve into system structures through cloning.

In this study, the Agricultural Systems Application Platform
(ASAP) was developed by enhancing the three key features:
connection, communication, and cloning. “Connection” was used
to represent geometric and topologic links based on network
theories. “Communication” was incorporated to deal with both
homogeneous and heterogeneous structures. “Cloning” was
added to the ASAP for changes to system boundary conditions.
Additional utilities and protocols were also provided to model
developers as the user interface and guidelines for the
simulation environment setup and model components. We
applied ASAP to nine rural systems problems for evaluating its
applicability. The ASAP provided similar simulation outputs
compared to common complex models results using a much
simpler model structure

The ASAP will be utilized for simulating engineering
problems with a bottom—up modelling approach instead of a
conventional top—down approach. Through continuous future
development and updates, the ASAP can be a platform for
sharing the deployment and knowledge of rural and agricultural

systems among engineers.

Keywords: Connection, Communication, Cloning, Object oriented

paradigm, System simulation, Platform
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