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GrolMP

Overview I1
Growth-grammar related Interactive Modelling Platform

> Objectives
» 3D modelling software specialized for FSPMs
» Target groups
» Students (e.g. biology, agronomy, horticulture)
» Scientists
» Modeller
» Application fields

Educational tool

(Experimental) Research & Science
Decision-support tool

Industry

vV vy VvVvyy

Michael Henke - GroIMP Prague, 16.09.2013 2/55



r ~ TO! “eatures “xamples Support
G oo s Eoampl

GroIMP

Timeline

(Multiscale modeling)
LProj ect initialisation) FSPM 04
|||I||||||||||I|||||||||||I|||| |||||I| I
2002 2003/ 2004 2005
(First publications)
Artificial Life
Michael Henke - GroIMP Prague, 16.09.2013 3/55



i~
G { GroIMP Features Examples Support

€000 0000 00
e

GrolMP

Timeline

(1st GroIMP user and developer meeting )
(Language Specification )

2006 007 2008 2009

Registered on SourceForge

GroIMP 1.0
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Timeline

(4th GroIMP user and developer meeting )
(Integrated ODE solver

|||x||||||||||||||||||||| ERRR RN today

2010 011 2012 2013

GPU Raytracer

(GroIMP 1.4 Chinese GUI)

6th GroIMP meeting
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User interface
@ gem1 2dsaNice [Modified] - GrolMP.

File Edit Objects Panels Net Help OpenGrolMP

3] e s o e

> View

[ wodetigo | Graoh |
Plo Edt Search Morkers Fodng View Uiltis Macros Plugins Holp

HEod &8 arsa0 AR 3@5]3\

View Came Fit Render i &+ | & | O |
349 x 365

=

> ModeLrgg (project:igem 12dsaNicel2])

protected void run() B
W
{ time v= 1; princin(“tise: © + tine); )
growth cycles in which a bud "grovs” i
iighest phy sical age
for {iat 3 = 55 9 >= ks 9

Lo (int 4= 05 4 < W_I[p-1I(30: 14e) (.

FH(ANG_PH(p-1]) // Kang 2003, fig.2
miliecaner(p, 3+1, 1)
it (p=2) (.

FV(-0.05).
)

o axill
for (xm ko= 0: k< NU_ACp-1103): kew) (

T 0

| G Fite Explorer
Obiject

' platanLeaf

(S Meta Objects | Shaders

[/ Console | @ Wessoges | [ Atbute Eator |

v 3

(pzog ¥ platanl eaf

Bilinear fitering
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43 sem1 2dsaNice [Modified] - GrolMP (==
fle Edt Objects Pancis Net Help OpenGrolMP

Menu

Control

. —
3D-View

. -~
File Explorer

Shader
\

= View
Viev Came Fit Rendervi <+ | & | Q Q
349 % 365

[ jEdit-Modelrgg | Graph |
File Edit Search Markers Folding View Utilities Macros Plugins Help
HEQH &8 dAprsal0 ARXR DHEHR

> Modelrgg (project:igem 12dsaNicel2]) IS

protected void run()

rintln("cine: "

+ time); ).

R (ANG_PR[p-11) // Kans
wiliecaner (p, 3+, 1)
it ¢ )

F(-0.05)
)
with n of axillary
for (int k = 0; k < WUA[p-11031 ke+) (
i

G File Explorer | (- Meta Objects

Inputioutput complete

| XL Console | @ Messages | [] Attribute Editor

(XLXL windows-1252)

Object

' platanLeaf

D

[
Image

CaEER platanLeaf

Bilinear itering g
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User interface

icm1 2dsaNice [Mo: GrolMp.

is Net Help OpenGrolMP

Menu

Control

. —
3D-View

—
File Explorer

Shader
\

runN | Run runh
= View
Viev Camel Fit Remmv‘ o3 3 Q Q

349 % 365

) File Explorer | (& Meta Obiects | Shaders

Obiject

' platanieaf
plat;

Search Markers Folding View Utilies Macros Plugins Help

LE0H A& AP0 AR 3@@1?

> Modelrgg (project:igem 12dsaNicel2])

protected void run()
W

( time v= 1; princin(“tine: © + tine); ).

biEuilp, gol =

th cycles in

Graph View

N

Code Editor

Console

\
[~

XL Console | @ Messages | [ Attribute Editor |

Messages

K
Image
Chamelinout | peraun___| H
Image | @ platantear | ‘Ilhlnnleaf

Attribute Editor

Bilinear fitering (]
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Attribute Editor

o Attribute Editor

iame |
Layer| 9
len| 0.32767996)
Radius[  oim

[STTransformation
Transforms children (4]
Transformation

Shader|  phon

ST colour

RGB Hsv
MK e s
F‘Gray Tone

[~JGther Attributes
de.grogra.imp3d.treatedasinfinite ]

Michael Henke - GroIMP

» The easy way to change attributes
of an object.

> Attribute of a selected object are
shown
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File Explorer

+ File Explorer

[ File Explorer
Object

=] main.rgg

|=] Baldocchi.java
[&] charts.rag

_] Environment.java
|=] Host.java 1
_]JohnsonThornIey java
|&] KimLieth.java

|&] Leafc3Nz010.java
|&] LiethPasian.java -
[ MarshallBiscoe. java

|&] MyFileChooser.java

_] Organssl.rgg

_] Parameter.rgg

[&] PropertyFileReader.java

[»

1]

Michael Henke - GroIMP

» Projects may contain several
RGG, XL and Java files. In

addition, JAR files can be

included.

> Plain text files (e.g. parameter

files)

Prague, 16.09.2013
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2D Graph Panel

» Graph structure produced by
your model

» Several layout algorithm

... Example, drawn in tree layout

Michael Henke - GroIMP Prague, 16.09.2013 9/55
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XL Console

Command line with History function

@ Messages | i XL Console |

de.qregra. turtle
de.qregra. turtle
de.qregra. turtle
de.qregra. turtle
o+ F #).length

v

count((* x:F,

\Fl1d=157]@580a6168
\Flid=122]@79ea7dl
(Flid=129]@ld24fccd
(Flid=115]@506d5353

(x.length<=0.64) *))

nean((* F *) length)
73714286
sun((* F *).length)

6
count ((* Model A *))

141

VMV BV UV OV REYRO000OO

<[

R

* F
(# F #) length

count((* x:F, (x.length=0.64) *))
mean((* F ¥).length)

sum{(# F *) .length)

count((* Model A *))

1+1
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XL Console
Command line with History function
@ Messages @XL Console |
de.grogra. turtle. Flid-157] 66806168 =
de.grogra. turtle, Flid=122] @l79ea7dl
de.grogra. turtle, Flid=129] eld24fccd = (x Fx)
de.grogra. turtle. Flid=115] e506d5353 > (* F #).length B
> (% F #).length L ll= counti(* xiF, (x.lengthe=0.64) *))
Teaanii F &l Tanatl])

o 0.8 ;
0.5 1.0 T
os = count ((* x:F, (x.length==0.64) *))
1.0 4
: count ((* x:F, (x.length<=0.64) *)) = mean ( (* E *) .'Length)
> nean((* F +) length)
] g;igazazﬁp #nat G' ?3?1 4286
2 (e E ). Lengtry = sum((* F *).length)
S count ((+ Hodel, 4 #)) 5.16
fia = count ((* Model.A *))
2 g

= 141

2
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Object Inspector

...hierarchical and flat

[Flat Object Inspector

[ setriter_||_set Hierarchicritter ]| _Romove Filter ||_expand Al

|[ cottapse an

[Hierarchical Object Inspector [Etiodes

T

[ setFitter || set HierarchicFiter || Remove Filter || Expand All || collapse anl | D Zcr"GyRQm €]
[EINode [0] DRz
 EIRGGRoot [3] Qo1
EX=130 Bro
~EJRU (7]
¢ CIRU M10] Dru 4
¢ CIRH 11 Drens
¢ E3F 1203 OF 27
~EIRU21] DRU (28]
+ IRV [24) DiRH 291
¢ EIRH [25] D ss1
+ 23F el DU sel
:g;ﬁ s DirH (571
¢ CIRH 53] D iy
+ CIF noay Qruma
o CIRU [105] DAk 113]
~EIRU [108] Dania
DRu 1]
Drr 1s] 5l

Fast node excess ...+ filter options
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Live 3D-View

OpenGL (Proteus) Wireframe (AWT)

Comparison of the different 3D views in GroIMP. From left to right:
advanced OpenGL view, normal OpenGL view, software renderer.

Michael Henke - GroIMP Prague, 16.09.2013 12/55
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Interactive Live 3D-View

Objects can be interactively edited: moved, rotated, scaled
inserted and deleted

Michael Henke - GroIMP Prague, 16.09.2013 13/55
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XL programming language

[ele]e] } 0000 o0
» eXtended L-system language
» Superset of Java, multiparadigm language .

object-oriented

Michael Henke - GroIMP Prague, 16.09.2013 14 /55



i~
G4 GroIMP Features Examples Support
N\

XL programming language
» eXtended L-system language
» Superset of Java, multiparadigm language .

[ele]e] } 0000 (o]
» Different types of rules

» L-system rule (==>)
A== A [B C];

» General graph rewriting rule (==>>)
more general rules for graph transformation

» Application rule (::>)
only parameters are updated
(age, demand, biomass, length, etc.)

Michael Henke - GroIMP Prague, 16.09.2013 14 /55
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XL - Code example

LooNoOOUVTAWN
— -

import ...;

vy

module A(float len) extends Sphere(0.1) {
{setShader(GREEN) ; }

protected void init () [
Axiom ==> A(1);

11| public void run () [
12 A(x) ==> F(x)

[RU(30) RH(90) A(x*0.8)]
[RU(-30) RH(90) A(x*0.8)];

Michael Henke - GroIMP

Prague, 16.09.2013
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XL - Code example

import ...;
module A(float len) extends Sphere(0.1) {
{setShader(GREEN) ; }

protected void init () [
Axiom ==> A(1);

=
QOONOUAWNE
— -

11| public void run () [

12 A(x) ==> F(x)

13 [RU(30) RH(90) A(x*0.8)]
14 | [RU(-30) RH(90) A(x*0.8)1;
15

Michael Henke - GroIMP

Prague, 16.09.2013
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Integrated Query Language

> Aggregate operations to collect / return specific values
» count, sum, min, max, mean, first, last,
selectRandomly, exist, etc.
> Queries to analyse the plant (graph) structure

» Search for a specific pattern
» Can be combined with aggregators, e.g., search for all leaves and
sum up their area

1|> (* Leaf *)
2|> (* Leaf *).getArea()
3| > sum((* Leaf *).getArea())

Michael Henke - GroIMP Prague, 16.09.2013 16/55
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ODE system for easy specification of ordinary differential equations
(ODEs) within rules, and their (separated) solution

// cytokinin biosynthesis in root system
r:Roots ::> { r[cyt] :'= P —Q % r[aux]; }

// auxin export rule
i:Internode > m:Meristem ::> {
double rate = E x m[aux];
m[aux] :’'= —rate;
i[aux] :’= +rate;

(Evers 2012)

= Hemmerling 2012: Extending the Programming Language XL to
Combine Graph Structures with Ordinary Differential Equations.

Michael Henke - GroIMP Prague, 16.09.2013 17/55
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Import- and Export formats

PDB MTG V)l(fl\]/?L
DTD DXF & OBJ CSV

Michael Henke - GroIMP Prague, 16.09.2013 18/55
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Descriptive tree data - DTD Editor

» Plain text file (Example file: -E:])

» Every line represents a shoot

» Whole file represents a plant or a part of a plant
» Used primarily for trees
» General: All branching structures

http://www.uni-forst.gwdg.de/~wkurth/cb/html/workshop07/ws07 derer.pdf
http://www.uni- forst.gwdg.de/~wkurth/dtd_code.pdf
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T11     L18   ##       O0              (D19.0 0) C2  {ON}
T10     L28   #T11     V               (D18.5 0) C2  {ON}
T9      L20   #T10     V               (D18.0 0) C2  {ON}
T8      L13   #T9      V               (D17.8 0) C2  {ON}
T7      L18   #T8      V               (D17.0 0) C5  {ON}
T6      L60   #T7      V               (D16.5 0) C2  {ON}
T5      L70   #T6      V               (D14.3 0) C2  {ON}
T4      L48   #T5      V               (D14.0 0)
T3      L60   #T4      V               (D12.0 0)
T2      L138  #T3      V               (D11.5 0)
T1      L175  #T2      V               (D7.3 0)
T0      L250  #T1      V               (D5.4 0)      {N}
64-1    L58   #T7      A2    S130 W70  (D1.0 0)
63-1    L25   #T7      A11   S100 W90  (D1.0 0)
62-1    L32   #T6      A22   S120 W125 (D0.9 0)      {ON}
62-2    L18   #62-1    V     +    W20  (D0.7 0)
62-3    L35   #62-2    V               (D0.7 0)
61-1    L45   #T6      A23   S280 W90  (D2.0 0)
61-2    L38   #61-1    V               (D1.9 0)
61-3    L28   #61-2    V     -    W10  (D1.7 0)
61-4    L40   #61-3    V               (D1.5 0)
61-5    L67   #61-4    V     +    W10  (D1.2 0)
61-6    L40   #61-5    V     R1   W25  (D0.9 0)      {N}
61-7    L15   #61-1    A41   -    W30  (D0.3 0)
61-8    L19   #61-2    A35   -    W60  (D1.0 0)
61-9    L56   #61-4    A30   -    W60  (D1.0 0)
61-10   L36   #61-9    V               (D1.0 0)      {N}
61-11   L45   #61-4    A38   -    W45  (D0.8 0)
61-12   L28   #61-11   V               (D0.7 0)      {N}
61-13   L36   #61-5    A61   -    W50  (D0.8 0)      {N}
61-14   L37   #61-5    A60   +    W45  (D0.8 0)      {N}
61-15   L60   #61-4    A29   +    W35  (D0.9 0)
61-16   L26   #61-2    A34   +    W20  (D0.6 0)
61-17   L15   #61-16   V               (D0.6 0)
61-18   L25   #61-17   V               (D0.5 0)
61-19   L26   #61-1    A     +    W40  (D0.5 0)
61-20   L22   #61-19   V               (D0.5 0)
61-21   L12   #61-20   V               (D0.5 0)
60-1    L38   #T6      A44   S80  W120 (D1.3 0)
60-2    L34   #60-1    V     R1   W20  (D1.1 0)
60-3    L30   #60-2    V     R1   W10  (D0.9 0)      {+}
60-4    L30   #60-1    A36   -    W60  (D1.1 0)      {+}
60-5    L26   #60-2    A33   -    W45  (D0.9 0)      {+}
60-6    L30   #60-2    A30   +    W45  (D0.9 0)
60-7    L15   #60-6    V               (D0.5 0)      {+}
60-8    L30   #60-1    A36   +    W50  (D1.0 0)      {+}
59-1    L18   #T6      A48   S250 W110 (D1.0 0)      {ON}
59-2    L16   #59-1    V               (D1.0 0)
59-3    L20   #59-2    V               (D1.0 0)
59-4    L20   #59-3    V               (D0.9 0)
59-5    L25   #59-4    V               (D0.9 0)      {+}
59-6    L13   #59-4    A17   -    W40  (D0.5 0)
59-7    L10   #59-4    A16   +    W45  (D0.4 0)
58-1    L25   #T6      A49   S155 W85  (D2.5 0)
58-2    L22   #58-1    V               (D2.0 0)
58-3    L23   #58-2    V               (D2.0 0)
58-4    L31   #58-3    V               (D2.0 0)
58-5    L58   #58-4    V               (D1.0 0)
58-6    L68   #58-5    V     +    W15  (D1.5 0)      
58-7    L13   #58-1    A24   -    W45  (D0.9 0)
58-8    L15   #58-7    V               (D0.9 0)
58-9    L20   #58-8    V               (D0.9 0)
58-10   L12   #58-9    V               (D0.8 0)      {+}
58-11   L7    #58-3    A20   -    W40  (D0.8 0)
58-12   L20   #58-11   V               (D0.8 0)
58-13   L22   #58-12   V               (D0.5 0)      {N}
58-14   L38   #58-4    A25   -    W40  (D0.9 0)
58-15   L34   #58-14   V               (D0.9 0)      {N}
58-16   L21   #58-14   A33   +    W50  (D0.7 0)      {N}
58-17   L33   #58-5    A32   -    W50  (D1.0 0)      {N}
58-18   L44   #58-5    A47   -    W55  (D1.0 0)      {N}
58-19   L63   #58-5    A55   -    W45  (D1.0 0)      {N}
58-20   L63   #58-5    A51   +    W40  (D0.9 0)      {N}
58-21   L50   #58-4    A24   +    W45  (D1.0 0)
58-22   L48   #58-21   V               (D0.9 0)      {N}
58-23   L31   #58-21   A48   R1   W45  (D0.8 0)      {N}
58-23a  L27   #58-21   A46   -    W50  (D0.6 0)      {N}
58-24   L7    #58-3    A19   +    W45  (D0.9 0)
58-25   L25   #58-24   V               (D0.7 0)
58-26   L27   #58-25   V               (D0.7 0)      {N}
58-27   L23   #58-2    A22   R2   W45  (D0.5 0)  J1  {N,PR}
58-28   L18   #58-2    A19   +    W45  (D1.0 0)
58-29   L24   #58-28   V               (D1.0 0)
58-30   L32   #58-29   V               (D1.0 0)
58-31   L22   #58-30   V               (D0.6 0)      {N}
58-32   L20   #58-29   A17   +    W50  (D0.6 0)
58-33   L33   #58-2    A1    +    W60  (D1.0 0)  J2  {PR}
58-34   L38   #58-33   V               (D0.9 0)
57-1    L65   #T6      A50   S240 W80  (D4.1 0)
57-2    L53   #57-1    V     +    W30  (D3.9 0)      {+}
57-3    L19   #57-1    A23   -    W45  (D0.5 0) 
57-4    L25   #57-1    A38   R8   W40  (D0.8 0)
57-5    L18   #57-4    V               (D0.5 0)
57-6    L36   #57-1    A54   R8   W45  (D1.0 0)
57-7    L30   #57-6    V     -    W30  (D1.0 0)
57-8    L42   #57-7    V     +    W10  (D0.7 0)
57-9    L46   #57-8    V               (D0.6 0)
57-10   L12   #57-7    A24   R5   W45  (D0.4 0)
57-11   L26   #57-8    A34   R1   W80  (D0.5 0)
57-12   L21   #57-2    A2    -    W45  (D0.6 0)
57-13   L8    #57-2    A28   -    W50  (D0.4 0)
57-14   L39   #57-2    V     -    W45  (D2.7 0)
57-15   L68   #57-14   V               (D2.6 0)
57-16   L98   #57-15   V     -    W5   (D2.0 0)
57-17   L97   #57-16   V               (D1.7 0)      {N}
57-18   L42   #57-14   A36   -    W40  (D1.0 0)
57-19   L45   #57-18   V               (D0.8 0)
57-20   L21   #57-18   A37   -    W45  (D0.3 0)
57-21   L16   #57-18   A36   +    W45  (D0.5 0)
57-22   L56   #57-15   A44   -    W55  (D1.0 0)
57-23   L24   #57-22   V               (D0.5 0)      {N}
57-24   L77   #57-15   A56   -    W45  (D1.0 0)
57-25   L45   #57-24   V               (D0.8 0)      {N}
57-26   L67   #57-15   A65   -    W35  (D1.0 0)
57-27   L52   #57-26   V               (D0.7 0)      {N}
57-28   L25   #57-26   A60   +    W35  (D0.5 0)      {N}
57-29   L32   #57-16   A35   -    W35  (D0.9 0)      {N}
57-30   L50   #57-16   A62   -    W55  (D0.8 0)      {N}
57-31   L79   #57-16   A90   -    W60  (D1.2 0)      {N}
57-32   L89   #57-16   A94   R6   W45  (D1.4 0)      {N}
57-33   L87   #57-16   A93   R2   W45  (D1.4 0)      {N}
57-34   L78   #57-16   A88   +    W50  (D1.4 0)      {N}
57-35   L50   #57-16   A64   +    W60  (D0.8 0)      {N}
57-36   L46   #57-16   A41   +    W40  (D0.9 0)      {N}
57-37   L75   #57-15   A60   +    W40  (D1.1 0)
57-38   L51   #57-37   V               (D0.8 0)      {N}
57-39   L25   #57-37   A68   -    W45  (D0.6 0)      {N}
57-40   L31   #57-37   A70   +    W30  (D0.6 0)      {N}
57-41   L56   #57-15   A42   +    W55  (D0.6 0)
57-42   L24   #57-15   A2    +    W24  (D0.5 0)
57-43   L38   #57-14   A33   +    W45  (D1.0 0)
57-44   L56   #57-43   V               (D1.0 0)
57-45   L20   #57-44   V               (D0.5 0)      {N}
57-46   L36   #57-43   A31   -    W35  (D0.7 0)
57-47   L15   #57-44   A53   +    W80  (D0.5 0)      {N}
57-48   L48   #57-2    V     +    W40  (D2.8 0)
57-49   L66   #57-48   V     R1   W20  (D2.7 0)
57-50   L106  #57-49   V               (D2.5 0)
57-51   L93   #57-50   V     R1   W15  (D1.9 0)      {N}
57-52   L39   #57-48   A39   -    W65  (D0.9 0)
57-53   L59   #57-52   V     R1   W20  (D0.8 0)
57-54   L17   #57-53   V               (D0.5 0)      {N}
57-55   L28   #57-52   A25   -    W80  (D0.6 0)
57-56   L48   #57-49   A27   R8   W60  (D0.7 0)
57-56a  L6    #57-56   V               (D0.5 0)      {N}
57-57   L68   #57-49   A45   -    W50  (D0.9 0)
57-58   L40   #57-57   V               (D0.6 0)      {N}
57-59   L85   #57-49   A56   R5   W35  (D1.2 0) 
57-60   L73   #57-59   V               (D1.0 0)      {N}
57-61   L48   #57-59   A80   -    W45  (D0.8 0)      {N}
57-62   L52   #57-59   A80   +    W45  (D0.8 0)      {N}
57-63   L28   #57-59   A56   +    W60  (D0.6 0)      {N}
57-64   L44   #57-50   A60   -    W45  (D0.7 0)      {N}
57-65   L76   #57-50   A95   -    W70  (D1.0 0)      {N}
57-66   L81   #57-50   A98   R1   W90  (D1.3 0)      {N}
57-67   L100  #57-50   A100  R5   W10  (D1.3 0)      {N}
57-68   L83   #57-50   A95   +    W60  (D1.1 0)      {N}
57-69   L56   #57-50   A77   +    W50  (D0.8 0)      {N}
57-70   L47   #57-50   A53   +    W60  (D0.7 0)      {N}
57-71   L83   #57-49   A47   +    W40  (D1.0 0)
57-72   L44   #57-71   V     R1   W20  (D0.8 0)      {N}
57-73   L43   #57-48   A41   +    W30  (D1.1 0)
57-74   L60   #57-73   V               (D0.7 0)
57-75   L26   #57-74   V     R1   W30  (D0.7 0)      {N}
57-76   L31   #57-73   A33   -    W45  (D0.7 0)
57-76a  L31   #57-73   A41   -    W45  (D0.6 0)
57-77   L33   #57-73   A34   +    W55  (D0.6 0)
57-78   L19   #57-2    A33   +    W45  (D0.5 0)
57-79   L18   #57-78   V               (D0.5 0)
57-80   L23   #57-79   V               (D0.5 0)
57-81   L32   #57-1    A53   R4   W65  (D0.9 0)
57-82   L28   #57-81   V               (D0.7 0)
57-83   L25   #57-82   V     R1   W30  (D0.6 0)
57-84   L38   #57-83   V               (D0.5 0)
57-85   L18   #57-1    A45   R4   W60  (D0.7 0)
57-86   L22   #57-85   V     R1   W45  (D0.5 0)
56-1    L65   #T6      A52   S285 W75  (D4.2 0)      {ON}
56-2    L48   #56-1    V               (D3.8 0)      {ON}
56-3    L48   #56-2    V               (D3.6 0)
56-4    L65   #56-3    V               (D3.0 0)
56-5    L13   #56-4    V               (D2.1 0)      {AB}
56-6    L18   #56-1    A47   -    W55  (D0.7 0)
56-7    L28   #56-6    V               (D0.5 0)
56-8    L16   #56-7    V               (D0.5 0)      {+}
56-9    L34   #56-1    A63   -    W45  (D1.4 0)
56-10   L33   #56-9    V               (D1.2 0)
56-11   L38   #56-10   V               (D1.1 0)
56-12   L42   #56-11   V     R1   W35  (D0.8 0)
56-13   L28   #56-12   V               (D0.4 0)      {N}
56-14   L14   #56-9    A29   -    W30  (D0.6 0)
56-15   L16   #56-14   V               (D0.4 0)
56-16   L13   #56-15   V               (D0.4 0)      {+}
56-17   L26   #56-10   A31   -    W30  (D0.8 0)
56-18   L11   #56-17   V     -    W45  (D0.3 0)      {+}
56-19   L27   #56-11   A35   -    W45  (D0.5 0)
56-20   L12   #56-19   V               (D0.4 0)      {N}
56-21   L32   #56-11   A36   +    W55  (D0.4 0)      {+}
56-22   L28   #56-10   A29   +    W45  (D0.6 0)
56-23   L23   #56-22   V               (D0.5 0)      {+}
56-24   L27   #56-9    A21   +    W45  (D0.6 0)
56-25   L24   #56-24   V               (D0.6 0)
56-26   L26   #56-25   V               (D0.4 0)
56-27   L14   #56-2    A31   -    W55  (D0.7 0)
56-28   L21   #56-27   V               (D0.6 0)
56-29   L34   #56-2    A46   -    W60  (D1.3 0)
56-30   L45   #56-29   V               (D1.0 0)
56-31   L51   #56-30   V               (D1.0 0)
56-32   L38   #56-31   V               (D0.8 0)      {N}
56-33   L32   #56-29   A31   R2   W45  (D1.0 0)
56-34   L34   #56-33   V               (D0.5 0)      {+}
56-35   L13   #56-31   A49   -    W60  (D0.6 0)      {N}
56-36   L7    #56-31   A48   +    W45  (D0.5 0)      {N}
56-37   L39   #56-30   A43   +    W60  (D0.5 0)      {+}
56-38   L28   #56-29   A29   R4   W40  (D1.0 0)      {+}
56-39   L82   #56-3    A2    R8   W45  (D0.7 0)      {N,PR}
56-40   L38   #56-3    A26   -    W65  (D1.0 0)
56-41   L52   #56-40   V               (D1.0 0)
56-42   L28   #56-41   V               (D0.7 0)      {N}
56-43   L28   #56-40   A34   +    W35  (D0.5 0)
56-44   L52   #56-3    A42   -    W50  (D1.8 0)
56-45   L62   #56-44   V     R1   W20  (D1.6 0)
56-46   L37   #56-45   V               (D1.2 0)      {N}
56-47   L47   #56-44   A40   -    W30  (D1.0 0)
56-48   L43   #56-47   V               (D0.8 0)      {N}
56-49   L42   #56-44   A49   R6   W45  (D0.7 0)
56-50   L33   #56-49   V               (D0.6 0)      {N}
56-51   L32   #56-45   A42   -    W45  (D0.6 0)      {N}
56-52   L54   #56-45   A58   -    W45  (D0.7 0)      {N}
56-53   L53   #56-45   A55   +    W35  (D0.6 0)      {N}
56-54   L57   #56-44   A46   +    W25  (D1.0 0)
56-55   L42   #56-54   V               (D0.7 0)      {N}
56-56   L51   #56-4    A33   -    W40  (D2.0 0)
56-57   L71   #56-56   V               (D1.0 0)      {N}
56-58   L41   #56-56   A55   -    W45  (D0.9 0)      {N}
56-59   L51   #56-56   A58   +    W55  (D0.7 0)      {N}
56-60   L103  #56-4    A60   -    W30  (D2.2 0)
56-61   L62   #56-60   V               (D1.5 0)      {N}
56-62   L59   #56-60   A55   -    W45  (D1.1 0)      {N}
56-63   L78   #56-60   A86   -    W45  (D1.2 0)      {N}
56-64   L24   #56-60   A92   -    W45  (D1.7 0)      {N,+}
56-65   L12   #56-60   A94   +    W50  (D1.5 0)      {N,+}
56-66   L72   #56-60   A72   +    W55  (D1.2 0)      {N}
56-67   L53   #56-60   A38   +    W55  (D1.1 0)      {N}
56-68   L38   #56-5    A7    -    W35  (D0.7 0)      {N}
56-69   L53   #56-5    A11   +    W30  (D0.9 0)      {N}
56-70   L12   #56-4    A62   +    W60  (D2.0 0)      {+}
56-71   L21   #56-4    A56   +    W60  (D2.1 0)      {+}
56-72   L67   #56-4    A39   +    W45  (D1.5 0)
56-73   L72   #56-72   V               (D1.0 0)      {N}
56-74   L20   #56-72   A42   -    W45  (D0.6 0)      {N}
56-75   L53   #56-72   A60   -    W40  (D0.8 0)      {N}
56-75a  L51   #56-72   A61   +    W45  (D0.8 0)      {N}
56-76   L35   #56-4    A2    R2   W40  (D1.1 0)  J2  {PR}
56-77   L30   #56-76   V               (D0.9 0)      {N}
56-78   L55   #56-3    A45   +    W45  (D1.8 0)
56-79   L79   #56-78   V     R1   W10  (D1.6 0)
56-80   L53   #56-79   V               (D1.2 0)      {N}
56-81   L50   #56-78   A44   -    W45  (D1.0 0)
56-82   L24   #56-81   V               (D0.6 0)      {N}
56-83   L18   #56-81   A45   -    W45  (D0.4 0)      {N}
56-84   L27   #56-81   A45   +    W45  (D0.6 0)      {N}
56-85   L53   #56-78   A52   R6   W25  (D1.1 0)
56-86   L45   #56-85   V               (D1.0 0)      {N}
56-87   L30   #56-79   A47   -    W45  (D0.5 0)      {N}
56-87a  L46   #56-79   A74   -    W45  (D0.7 0)      {N}
56-88   L45   #56-79   A75   +    W50  (D0.9 0)      {N}
56-89   L25   #56-79   A69   +    W60  (D0.7 0)      {N}
56-90   L29   #56-78   A43   +    W40  (D0.7 0)      {+}
56-91   L32   #56-3    A29   +    W50  (D0.8 0)
56-92   L44   #56-91   V               (D0.8 0)
56-93   L30   #56-2    A43   +    W60  (D0.9 0)
56-94   L33   #56-93   V               (D0.7 0)
56-95   L38   #56-94   V               (D0.6 0)      {+}
56-96   L26   #56-93   A25   +    W45  (D0.5 0)
56-97   L26   #56-96   V     -    W45  (D0.5 0)      {+}
56-98   L14   #56-2    A23   +    W75  (D0.6 0)
56-99   L20   #56-98   V               (D0.5 0)
56-100  L21   #56-99   V               (D0.5 0)      {+}
56-101  L5    #56-2    A1    +    W45  (D0.5 0)      {+}
56-102  L25   #56-1    A60   +    W65  (D0.7 0)
56-103  L25   #56-102  V               (D0.6 0)
56-104  L7    #56-103  V               (D0.5 0)      {+}
56-105  L15   #56-1    A40   +    W80  (D0.6 0)
56-106  L15   #56-105  V               (D0.5 0)      {+}
55-1    L65   #T6      A54   S120 W75  (D4.2 0)      {ON}
55-2    L48   #55-1    V               (D4.0 0)
55-3    L38   #55-2    V     -    W20  (D3.9 0)
55-4    L78   #55-3    V               (D3.3 0)
55-5    L93   #55-4    V     R1   W15  (D2.0 0)
55-6    L103  #55-5    V               (D1.5 0)      {N}
55-7    L33   #55-1    A63   S260 W45  (D1.4 0)
55-8    L30   #55-7    V               (D1.3 0)
55-9    L32   #55-8    V     +    W30  (D1.1 0)
55-10   L51   #55-9    V               (D0.9 0)
55-11   L18   #55-7    A32   -    W45  (D0.9 0)
55-12   L30   #55-11   V     -    W10  (D0.9 0)
55-13   L25   #55-12   V               (D0.7 0)
55-14   L13   #55-13   V               (D0.5 0)      {N}
55-15   L25   #55-8    A29   -    W45  (D0.9 0)
55-16   L34   #55-15   V               (D0.5 0)
55-17   L22   #55-16   V               (D0.5 0)      {N}
55-18   L9    #55-15   A23   +    W80  (D0.5 0)
55-19   L25   #55-9    A27   -    W50  (D0.6 0)
55-20   L28   #55-19   V               (D0.5 0)      {N}
55-21   L30   #55-9    A28   +    W70  (D0.5 0)
55-22   L42   #55-2    A1    -    W55  (D0.8 0)  J2  {PR}
55-23   L36   #55-22   V               (D0.8 0)  J1  {N}
55-24   L18   #55-2    A22   -    W60  (D1.6 0)
55-25   L40   #55-24   V               (D1.3 0)
55-26   L48   #55-25   V     R1   W20  (D1.0 0)
55-27   L48   #55-26   V     -    W15  (D0.9 0)      {N}
55-28   L31   #55-25   A33   -    W50  (D0.8 0)
55-29   L22   #55-28   V               (D0.5 0)      {N}
55-30   L33   #55-26   A43   -    W55  (D0.5 0)      {N}
55-31   L26   #55-26   A40   +    W45  (D0.6 0)      {N}
55-32   L28   #55-25   A31   +    W45  (D0.7 0)
55-33   L23   #55-32   V               (D0.4 0)      {N}
55-34   L50   #55-4    A35   -    W50  (D1.3 0)
55-35   L63   #55-34   V     -    W25  (D1.0 0)      {N}
55-36   L32   #55-34   A43   -    W60  (D0.8 0)      {N}
55-37   L37   #55-34   A48   +    W45  (D1.0 0)      {N}
55-38   L26   #55-34   A41   +    W60  (D0.5 0)      {N}
55-39   L75   #55-4    A62   -    W45  (D2.1 0)
55-40   L93   #55-39   V     -    W5   (D1.6 0)      {N}
55-41   L44   #55-39   A49   -    W65  (D1.0 0)      {N}
55-42   L61   #55-39   A65   -    W60  (D1.0 0)      {N}
55-43   L63   #55-39   A67   +    W50  (D0.9 0)      {N}
55-44   L22   #55-39   A33   +    W80  (D0.7 0)      {N}
55-45   L60   #55-4    A76   -    W20  (D1.5 0)
55-46   L54   #55-45   V               (D1.0 0)      {N}
55-47   L24   #55-45   A50   -    W50  (D0.7 0)      {N}
55-48   L34   #55-45   A53   +    W55  (D0.9 0)      {N}
55-49   L46   #55-5    A40   -    W70  (D0.9 0)      {N}
55-50   L85   #55-5    A81   -    W70  (D1.0 0)      {N}
55-51   L79   #55-5    A88   R8   W80  (D1.3 0)      {N}
55-52   L90   #55-5    A86   R4   W70  (D0.9 0)      {N}
55-53   L88   #55-5    A84   +    W70  (D1.1 0)      {N}
55-54   L50   #55-5    A42   +    W70  (D0.7 0)      {N}
55-55   L74   #55-4    A68   R2   W45  (D1.5 0)
55-56   L79   #55-55   V               (D1.3 0)      {N}
55-57   L45   #55-55   A52   -    W45  (D0.9 0)      {N}
55-58   L63   #55-55   A70   R4   W30  (D1.0 0)      {N}
55-59   L51   #55-55   A65   +    W45  (D1.0 0)      {N}
55-60   L25   #55-55   A40   +    W45  (D0.7 0)      {N}
55-61   L54   #55-4    A68   R2   W60  (D1.3 0)
55-62   L41   #55-61   V               (D1.0 0)      {N}
55-63   L26   #55-61   A48   -    W70  (D0.5 0)      {N}
55-63a  L21   #55-61   A47   +    W70  (D0.7 0)      {N}
55-64   L50   #55-4    A30   R2   W45  (D1.2 0)
55-65   L30   #55-64   V               (D0.7 0)      {N}
55-66   L30   #55-4    A3    R2   W45  (D0.7 0)
55-67   L18   #55-66   V               (D0.4 0)      {N}
55-68   L45   #55-3    A31   +    W55  (D1.0 0)
55-69   L46   #55-68   V               (D1.0 0)
55-70   L36   #55-69   V               (D0.6 0)      {N}
55-71   L36   #55-68   A39   -    W70  (D1.0 0)
55-72   L21   #55-69   A41   -    W80  (D0.5 0)      {N}
55-73   L24   #55-69   A42   +    W50  (D0.5 0)      {N}
55-74   L15   #55-2    A46   +    W30  (D1.0 0)
55-75   L20   #55-74   V               (D0.6 0)
55-76   L11   #55-75   V               (D0.3 0)
55-77   L9    #55-74   A13   -    W20  (D0.6 0)
55-78   L23   #55-77   V               (D0.4 0)
55-79   L37   #55-2    A46   R2   W45  (D1.5 0)
55-80   L50   #55-79   V     R5   W30  (D1.2 0)
55-81   L60   #55-80   V               (D1.0 0)
55-82   L25   #55-81   V               (D0.5 0)      {N}
55-83   L34   #55-79   A39   -    W45  (D1.2 0)
55-84   L45   #55-83   V               (D1.0 0)
55-85   L25   #55-84   V               (D0.8 0)      {N}
55-86   L28   #55-83   A31   -    W70  (D0.9 0)
55-87   L40   #55-80   A43   -    W50  (D1.1 0)
55-88   L18   #55-87   V               (D0.9 0)      {N}
55-89   L18   #55-81   A57   +    W80  (D0.5 0)      {N}
55-90   L54   #55-80   A44   +    W60  (D1.0 0)
55-91   L2    #55-90   V               (D0.5 0)      {N,#}
55-92   L25   #55-80   A31   +    W70  (D1.0 0)
55-93   L19   #55-2    A36   R2   W45  (D0.9 0)
55-94   L32   #55-93   V               (D0.8 0)
55-95   L20   #55-94   V               (D0.4 0)
55-96   L24   #55-1    A60   +    W45  (D1.0 0)
55-97   L25   #55-96   V               (D0.9 0)
55-98   L28   #55-97   V               (D0.7 0)
55-99   L15   #55-98   V               (D0.5 0)
55-100  L22   #55-1    A43   +    W45  (D0.7 0)      {+}
54-1    L65   #T6      A57   S210 W70  (D5.8 0)      {ON}
54-2    L65   #54-1    V               (D5.3 0)      {ON}
54-3    L53   #54-2    V               (D4.8 0)
54-4    L80   #54-3    V     S320 W20  (D4.2 0)
54-5    L94   #54-4    V     R1   W20  (D2.6 0)
54-6    L103  #54-5    V               (D1.8 0)      {N}
54-7    L20   #54-1    A45   -    W50  (D0.7 0)
54-8    L30   #54-7    V               (D0.7 0)      {+}
54-9    L39   #54-1    A61   -    W50  (D1.0 0)
54-10   L34   #54-9    V               (D0.9 0)
54-11   L32   #54-10   V               (D0.9 0)
54-12   L40   #54-11   V     -    W20  (D0.8 0)
54-13   L18   #54-9    A36   -    W45  (D0.6 0)
54-14   L21   #54-13   V               (D0.6 0)
54-15   L21   #54-14   V     +    W30  (D0.4 0)
54-16   L31   #54-11   A28   +    W45  (D0.6 0)
54-17   L24   #54-9    A34   +    W45  (D1.0 0)
54-18   L18   #54-2    A27   -    W60  (D0.5 0)
54-19   L20   #54-2    A44   -    W80  (D0.9 0)
54-20   L27   #54-19   V               (D0.5 0)
54-21   L22   #54-20   V               (D0.5 0)
54-22   L50   #54-2    A61   -    W65  (D1.9 0)
54-23   L52   #54-22   V               (D1.6 0)
54-24   L70   #54-23   V     R1   W25  (D1.5 0)
54-25   L46   #54-24   V     +    W20  (D1.2 0)      {N}
54-26   L12   #54-22   A39   -    W80  (D1.0 0)      {+}
54-27   L38   #54-22   A46   -    W50  (D1.0 0)
54-28   L46   #54-27   V               (D0.9 0)
54-29   L23   #54-28   V               (D0.6 0)      {N}
54-30   L22   #54-27   A32   +    W60  (D0.7 0)
54-31   L27   #54-23   A28   -    W45  (D0.6 0)
54-32   L45   #54-23   A46   -    W30  (D1.0 0)
54-33   L27   #54-32   V               (D1.0 0)      {N}
54-34   L23   #54-24   A41   -    W45  (D1.0 0)      {N}
54-35   L28   #54-24   A58   -    W70  (D0.9 0)      {N}
54-36   L40   #54-24   A65   -    W45  (D1.0 0)      {N}
54-37   L36   #54-24   A62   +    W45  (D1.0 0)      {N}
54-38   l50   #54-23   a45   +    w20  (d1.1 0)
54-39   l13   #54-38   v               (D0.9 0)      {N}
54-40   L32   #54-23   A33   +    W30  (D0.7 0)
54-41   L38   #54-22   A45   +    W45  (D1.0 0)
54-42   L22   #54-41   V               (D0.7 0)
54-43   L30   #54-42   V               (D0.6 0)      {N}
54-44   L25   #54-41   A35   +    W45  (D0.9 0)
54-45   L40   #54-3    A1    R2   W60  (D0.8 0)      {N, PR}
54-46   L35   #54-3    A23   -    W70  (D0.9 0)
54-47   L99   #54-46   V     R1   W20  (D0.5 0)
54-48   L41   #54-3    A38   -    W70  (D1.0 0)
54-49   L57   #54-48   V               (D1.0 0)
54-50   L20   #54-49   V     +    W20  (D0.9 0)      {N}
54-51   L31   #54-48   A35   -    W30  (D0.7 0)
54-52   L30   #54-48   A34   +    W60  (D0.6 0)
54-53   L55   #54-3    A46   -    W65  (D1.4 0)      {+}
54-54   L36   #54-53   A38   -    W45  (D1.0 0)      {+}
54-55   L60   #54-53   A55   -    W45  (D1.2 0)      {+}
54-56   L51   #54-53   A51   +    W45  (D1.0 0)
54-57   L12   #54-56   V               (D0.6 0)      {N}
54-58   L36   #54-4    A1    R8   W35  (D0.8 0)
54-59   L24   #54-58   V               (D0.6 0)      {N}
54-60   L55   #54-4    A25   -    W55  (D1.1 0)
54-61   L41   #54-60   V     -    W15  (D0.8 0)      {N}
54-62   L24   #54-60   A52   +    W55  (D0.6 0)      {N}
54-63   L67   #54-4    A51   -    W45  (D1.2 0)
54-64   L52   #54-63   V     +    W5   (D0.9 0)      {N}
54-65   L31   #54-63   A62   -    W45  (D0.5 0)      {N}
54-66   L31   #54-63   A62   +    W45  (D0.5 0)      {N}
54-67   L90   #54-4    A65   R8   W50  (D1.5 0)
54-68   L95   #54-67   V               (D1.2 0)      {N}
54-69   L31   #54-67   A42   -    W45  (D0.6 0)      {N}
54-70   L41   #54-67   A65   -    W45  (D0.5 0)      {N}
54-71   L32   #54-67   A81   -    W45  (D1.1 0)      {N}
54-72   L98   #54-67   A83   +    W50  (D1.0 0)      {N}
54-73   L40   #54-67   A68   +    W45  (D0.6 0)      {N}
54-74   L9    #54-67   A54   +    W45  (D0.6 0)      {N,#}
54-75   L70   #54-4    A76   -    W40  (D1.6 0)
54-76   L38   #54-75   V               (D0.9 0)      {N}
54-77   L38   #54-75   A65   -    W45  (D0.9 0)      {N}
54-78   L46   #54-75   A66   +    W55  (D0.9 0)      {N}
54-79   L14   #54-75   A48   +    W45  (D0.5 0)      {N,#}
54-80   L53   #54-5    A46   -    W65  (D0.9 0)      {N}
54-81   L77   #54-5    A80   S280 W65  (D1.3 0)      {N}
54-82   L91   #54-5    A87   -    W50  (D1.2 0)      {N}
54-83   L85   #54-5    A89   S330 W25  (D1.4 0)      {N}
54-84   L88   #54-5    A91   S100 W10  (D1.2 0)      {N}
54-85   L89   #54-5    A88   +    W50  (D1.4 0)      {N}
54-86   L97   #54-5    A82   +    W55  (D1.4 0)      {N}
54-87   L66   #54-5    A5    +    W50  (D1.0 0)      {N}
54-88   L96   #54-4    A69   +    W45  (D2.4 0)
54-89   L112  #54-88   V               (D1.8 0)      {N}
54-90   L37   #54-88   A42   -    W45  (D1.0 0)      {N}
54-91   L48   #54-88   A70   -    W50  (D1.0 0)      {N}
54-92   L80   #54-88   A89   -    W45  (D1.4 0)      {N}
54-93   L60   #54-88   A86   +    W45  (D1.0 0)      {N}
54-94   L44   #54-88   A71   +    W45  (D1.0 0)      {N}
54-95   L32   #54-88   A36   +    W35  (D0.5 0)      {N}
54-96   L92   #54-4    A66   R4   W35  (D1.5 0)
54-97   L86   #54-96   V               (D1.2 0)      {N}
54-98   L36   #54-96   A45   -    W55  (D0.6 0)      {N}
54-99   L38   #54-96   A66   -    W45  (D0.8 0)      {N}
54-100  L44   #54-96   A83   -    W35  (D0.9 0)      {N}
54-101  L62   #54-96   A87   +    W45  (D0.9 0)      {N}
54-102  L43   #54-96   A78   +    W45  (D0.6 0)      {N}
54-103  L31   #54-96   A54   +    W40  (D0.5 0)      {N}
54-104  L65   #54-4    A39   +    W45  (D0.9 0)
54-105  L22   #54-104  V     -    W30  (D0.6 0)      {N}
54-106  L20   #54-104  A63   -    W45  (D0.6 0)      {N}
54-107  L24   #54-104  A62   +    W45  (D0.6 0)      {N}
54-108  L38   #54-4    A2    +    W30  (D0.8 0)
54-109  L18   #54-108  V               (D0.6 0)      {N}
54-110  L69   #54-3    A50   R4   W45  (D2.4 0)
54-111  L93   #54-110  V     +    W10  (D2.2 0)
54-112  L83   #54-111  V     +    W10  (D1.5 0)      {N}
54-113  L42   #54-110  A48   -    W45  (D1.1 0)
54-114  L25   #54-113  V               (D0.8 0)      {N}
54-115  L51   #54-110  A56   -    W45  (D1.1 0)
54-116  L33   #54-115  V               (D0.9 0)      {N}
54-117  L63   #54-110  A65   -    W45  (D1.1 0)      {+}
54-118  L25   #54-117  A52   +    W50  (D0.7 0)      {N}
54-119  L47   #54-111  A51   -    W50  (D1.0 0)      {N}
54-120  L53   #54-111  A81   -    W60  (D1.0 0)      {N}
54-121  L73   #54-111  A90   -    W45  (D1.1 0)      {N}
54-121a L71   #54-111  A91   R8   W35  (D1.0 0)      {N}
54-122  L58   #54-111  A83   +    W50  (D1.0 0)      {N}
54-123  L43   #54-111  A62   +    W50  (D0.9 0)      {N}
54-124  L72   #54-110  A59   +    W45  (D1.2 0)
54-125  L37   #54-124  V               (D1.0 0)      {N}
54-126  L20   #54-124  A65   -    W45  (D0.8 0)      {N}
54-127  L10   #54-124  A69   +    W40  (D0.5 0)      {N}
54-128  L46   #54-110  A39   +    W40  (D1.0 0)
54-129  L61   #54-3    A45   +    W45  (D1.8 0)
54-130  L78   #54-129  V     -    W10  (D1.5 0)
54-131  L52   #54-130  V               (D1.2 0)
54-132  L43   #54-129  A50   -    W35  (D0.1 0)
54-133  L20   #54-132  V               (D0.5 0)      {N}
54-134  L31   #54-130  A65   -    W60  (D0.6 0)      {N}
54-135  L34   #54-130  A73   -    W35  (D0.8 0)      {N}
54-136  L38   #54-130  A68   +    W45  (D0.6 0)      {N}
54-137  L48   #54-129  A56   +    W10  (D0.7 0)
54-138  L8    #54-137  V               (D0.4 0)      {N,#}
54-139  L58   #54-129  A52   +    W35  (D1.0 0)
54-140  L33   #54-139                  (D0.9 0)      {N}
54-141  L38   #54-129  A40   +    W45  (D0.6 0)
54-142  L48   #54-3    A29   +    W50  (D0.9 0)
54-143  L43   #54-142  V     R1   W35  (D0.9 0)
54-144  L33   #54-142  A41   +    W95  (D0.5 0)
54-145  L50   #54-2    A60   +    W50  (D2.4 0)
54-146  L57   #54-145  V               (D2.1 0)
54-147  L77   #54-146  V               (D1.9 0)
54-148  L63   #54-147  V               (D1.4 0)      {N}
54-149  L40   #54-145  A45   -    W40  (D1.0 0)
54-150  L52   #54-149  V               (D0.9 0)
54-151  L26   #54-149  A36   -    W45  (D0.6 0)
54-152  L42   #54-146  A28   -    W45  (D0.9 0)
54-153  L54   #54-146  A44   -    W45  (D1.0 0)
54-154  L24   #54-153  V               (D0.9 0)      {N}
54-155  L54   #54-146  A53   -    W30  (D1.0 0)
54-156  L14   #54-155  V               (D0.5 0)      {N,#}
54-157  L29   #54-147  A43   -    W45  (D1.0 0)      {N}
54-158  L58   #54-147  A69   -    W50  (D1.0 0)      {N}
54-159  L60   #54-147  A70   +    W30  (D1.1 0)      {N}
54-160  L50   #54-147  A63   +    W50  (D1.0 0)      {N}
54-161  L42   #54-147  A46   +    W60  (D1.0 0)      {N}
54-162  L28   #54-147  A35   +    W60  (D0.9 0)      {N}
54-163  L65   #54-146  A50   +    W30  (D1.3 0)
54-164  L50   #54-163  V               (D1.1 0)      {N}
54-165  L32   #54-163  A60   -    W50  (D1.0 0)      {N}
54-166  L26   #54-163  A58   +    W45  (D1.0 0)      {N}
54-167  L45   #54-146  A40   +    W45  (D0.9 0)
54-168  L25   #54-167  V               (D0.7 0)      {N}
54-169  L47   #54-145  A46   +    W45  (D1.3 0)
54-170  L52   #54-169  V               (D1.0 0)
54-171  L25   #54-170  V               (D0.9 0)      {N}
54-172  L25   #54-169  A40   -    W45  (D0.7 0)
54-173  L38   #54-169  A43   +    W65  (D0.8 0)
54-174  L35   #54-145  A35   +    W45  (D0.8 0)
54-175  L28   #54-174  V               (D0.8 0)
54-176  L28   #54-2    A43   +    W80  (D1.0 0)
54-177  L38   #54-176  V     R1   W35  (D0.8 0)
54-178  L32   #54-177  V               (D0.6 0)
54-179  L20   #54-2    A24   +    W60  (D0.9 0)
54-180  L28   #54-179  V               (D0.8 0)
54-181  L30   #54-180  V               (D0.7 0)
54-182  L23   #54-2    A1    +    W80  (D0.7 0)
54-183  L45   #54-1    A62   +    W50  (D2.0 0)
54-184  L36   #54-183  V               (D2.0 0)
54-185  L52   #54-184  V               (D1.7 0)
54-186  L64   #54-185  V               (D1.4 0)
54-187  L42   #54-186  V     +    W10  (D1.0 0)      {N}
54-188  L8    #54-183  A32   -    W45  (D0.9 0)
54-189  L21   #54-183  A42   -    W30  (D0.6 0)
54-190  L18   #54-189  V               (D0.6 0)
54-191  L21   #54-190  V               (D0.5 0)
54-192  L33   #54-185  A28   -    W45  (D0.5 0)
54-193  L56   #54-185  A44   -    W45  (D0.9 0)
54-194  L27   #54-193  V               (D0.6 0)
54-195  L42   #54-185  A50   -    W45  (D0.9 0)
54-196  L22   #54-195  V               (D0.6 0)      {N}
54-197  L32   #54-186  A58   -    W45  (D0.9 0)      {N}
54-198  L42   #54-186  A62   +    W45  (D0.9 0)      {N}
54-199  L28   #54-186  A55   +    W45  (D0.9 0)      {N}
54-200  L38   #54-185  A49   +    W45  (D1.0 0)
54-201  L12   #54-200  V               (D0.7 0)      {N.+}
54-202  L38   #54-185  A30   +    W50  (D1.0 0)
54-203  L22   #54-202  V               (D0.6 0)      {N}
54-204  L28   #54-183  A42   +    W45  (D1.0 0)
54-205  L29   #54-204  V               (D0.9 0)
54-206  L38   #54-205  V               (D0.7 0)
54-207  L22   #54-205  A25   -    W45  (D0.4 0)
54-208  L20   #54-1    A46   +    W70  (D0.9 0)
54-209  L21   #54-208  V               (D0.8 0)
54-210  L15   #54-209  V               (D0.6 0)
54-211  L22   #54-210  V               (D0.4 0)
53-1    L20   #T6      A59   S160 W90  (D0.7 0)      {N, PR}
52-1    L25   #T5      A32   S280 W130 (D0.9 0)      {ON}
52-2    L30   #52-1    V               (D0.9 0)
52-3    L23   #52-2    V     R1   W30  (D0.8 0)
52-4    L25   #52-3    V               (D0.7 0)
51-1    L31   #T5      A36   S80  W120 (D0.9 0)
51-2    L28   #51-1    V               (D0.7 0)
51-3    L35   #51-2    V               (D0.5 0)
51-4    L27   #51-1    A26   -    W45  (D0.5 0)
50-1    L14   #T5      A52   S220 W80  (D0.8 0)        
49-1    L67   #T5      A55   S105 W80  (D5.0 0)
49-2    L71   #49-1    V               (D4.0 0)
49-3    L97   #49-2    V     R1   W20  (D3.2 0)
49-4    L111  #49-3    V     S285 W25  (D2.2 0)
49-5    L87   #49-4    V     R5   W45  (D1.6 0)      {N}
49-6    L24   #49-1    A40   -    W55  (D1.0 0)
49-7    L32   #49-6    V               (D1.0 0)   
49-8    L28   #49-7    V               (D0.9 0)
49-9    L50   #49-1    A62   -    W60  (D2.5 0)
49-10   L60   #49-9    V               (D2.2 0)
49-11   L72   #49-10   V               (D1.7 0)
49-12   L76   #49-11   V     -    W15  (D1.1 0)      {N}
49-13   L44   #49-9    A44   -    W45  (D1.0 0)
49-14   L40   #49-13   V     R1   W20  (D1.0 0)
49-15   L33   #49-14   V               (D0.9 0)      {N}
49-16   L28   #49-13   A38   -    W45  (D0.7 0)
49-17   L18   #49-13   A42   -    W45  (D0.5 0)
49-18   L19   #49-14   A36   +    W45  (D0.0 0)      {N}
49-18a  L36   #49-13   A39   +    W45  (D0.7 0)
49-19   L52   #49-10   A47   -    W50  (D1.2 0)
49-20   L45   #49-19   V               (D1.0 0)      {N}
49-21   L34   #49-19   A45   -    W45  (D0.8 0)      {N}
49-22   L68   #49-10   A57   -    W30  (D1.6 0)      {+}
49-23   L26   #49-22   A38   -    W34  (D0.6 0)      {N}
49-24   L56   #49-22   A59   -    W70  (D0.6 0)      {N}
49-25   L50   #49-22   A61   +    W45  (D0.7 0)      {N}
49-26   L35   #49-22   A52   +    W45  (D0.6 0)      {N}
49-27   L25   #49-22   A35   +    W45  (D0.6 0)      {N}
49-28   L36   #49-11   A39   -    W70  (D0.7 0)      {N}
49-29   L47   #49-11   A53   -    W70  (D0.8 0)      {N}
49-30   L77   #49-11   A70   -    W60  (D1.1 0)      {N}
49-31   L58   #49-11   A73   +    W65  (D1.0 0)      {N}
49-32   L60   #49-11   A67   +    W80  (D0.7 0)      {N}
49-33   L30   #49-11   A31   +    W45  (D0.6 0)      {N}
49-34   L43   #49-10   A58   +    W45  (D1.0 0)
49-35   L35   #49-34   V     -    W20  (D0.6 0)      {N}
49-36   L63   #49-10   A54   +    W55  (D1.1 0)
49-37   L45   #49-36   V     -    W30  (D0.8 0)      {N}
49-38   L19   #49-36   A55   -    W45  (D0.7 0)      {N}
49-39   L27   #49-36   A58   +    W40  (D0.8 0)      {N}
49-40   L42   #49-10   A35   +    W65  (D0.8 0)
49-41   L22   #49-40   V               (D0.6 0)      {N}
49-42   L45   #49-9    A45   +    W50  (D1.1 0)
49-43   L45   #49-42   V               (D1.0 0)
49-43a  L8    #49-43   V               (D0.8 0)      {N}
49-44   L24   #49-42   A42   -    W45  (D0.6 0)
49-45   L18   #49-42   A41   +    W45  (D0.8 0)
49-46   L24   #49-9    A30   +    W60  (D0.7 0)
49-47   L18   #49-46   V               (D0.7 0)
49-48   L45   #49-2    A38   -    W70  (D1.0 0)
49-49   L48   #49-48   V               (D0.8 0)
49-50   L48   #49-2    A55   -    W65  (D1.2 0)
49-51   L46   #49-50   V     -    W15  (D1.0 0)
49-52   L28   #49-51   V               (D0.9 0)      {N}
49-53   L33   #49-50   A40   -    W45  (D0.6 0)
49-54   L34   #49-50   A43   +    W50  (D0.8 0)
49-55   L75   #49-2    A68   -    W45  (D2.0 0)
49-56   L92   #49-55   V     -    W15  (D1.6 0)
49-57   L90   #49-56   V     R1   W20  (D1.3 0)      {N}
49-58   L60   #49-55   A70   -    W40  (D1.0 0)
49-59   L65   #49-58   V     -    W40  (D0.5 0)      {N}
49-60   L37   #49-58   A53   -    W55  (D0.3 0)      {N}
49-61   L35   #49-58   A57   +    W45  (D0.3 0)      {N}
49-62   L44   #49-56   A52   -    W45  (D0.5 0)      {N}
49-63   L58   #49-56   A81   -    W80  (D0.9 0)      {N}
49-64   L78   #49-56   A88   -    W70  (D0.9 0)      {N}
49-65   L76   #49-56   A86   +    W60  (D0.9 0)      {N}
49-66   L45   #49-56   A68   +    W50  (D0.8 0)      {N}
49-67   L39   #49-56   A54   +    W50  (D0.6 0)      {N}
49-68   L26   #49-56   A34   +    W45  (D0.3 0)      {N}
49-69   L60   #49-55   A67   +    W60  (D1.0 0)
49-70   L39   #49-69   V               (D0.5 0)      {N}
49-71   L29   #49-69   A57   +    W45  (D0.3 0)      {N,+}
49-72   L39   #49-55   A45   +    W50  (D0.7 0)
49-73   L24   #49-72   V               (D0.2 0)      {N}
49-74   L32   #49-3    A3    S245 W30  (D0.9 0)
49-75   L60   #49-3    A29   -    W40  (D1.3 0)
49-76   L37   #49-75   V               (D0.5 0)      {N}
49-77   L76   #49-3    A61   -    W55  (D1.5 0)
49-78   L72   #49-77   V     R1   W20  (D1.0 0)      {N}
49-79   L33   #49-77   A50   -    W45  (D0.6 0)      {N}
49-80   L54   #49-77   A60   -    W60  (D0.9 0)      {N}
49-81   L5    #49-77   A72   +    W60  (D0.5 0)      {N,+}
49-82   L20   #49-3    A85   -    W70  (D1.2 0)      {+}
49-83   L15   #49-3    A96   -    W60  (D1.2 0)
49-84   L12   #49-83   V               (D1.0 0)      {N,+}
49-85   L38   #49-4    A30   -    W70  (D0.4 0)      {N}
49-86   L51   #49-4    A58   -    W90  (D0.6 0)      {N}
49-87   L70   #49-4    A96   -    W90  (D1.0 0)      {N}
49-88   L96   #49-4    A105  +    W45  (D1.0 0)      {N}
49-89   L91   #49-4    A103  R5   W90  (D1.0 0)      {N}
49-90   L77   #49-4    A94   +    W85  (D1.0 0)      {N}
49-91   L65   #49-4    A55   +    W80  (D1.0 0)      {N}
49-91a  L31   #49-4    A13   R2   W45  (D0.6 0)      {N}
49-92   L103  #49-3    A92   +    W70  (D1.8 0)
49-93   L121  #49-92   V     +    W20  (D1.5 0)      {N}
49-94   L54   #49-92   A68   -    W80  (D1.0 0)      {N}
49-95   L64   #49-92   A89   -    W85  (D1.0 0)      {N}
49-96   L91   #49-92   A98   -    W80  (D1.4 0)      {N}
49-97   L78   #49-92   A95   +    W60  (D1.0 0)      {N}
49-98   L65   #49-92   A86   +    W70  (D1.0 0)      {N}
49-99   L44   #49-92   A54   +    W70  (D0.9 0)      {N}
49-100  L65   #49-3    A56   +    W65  (D1.0 0)      {N}
49-101  L51   #49-100  V               (D1.0 0)      {N}
49-102  L28   #49-100  A61   +    W50  (D0.8 0)      {N}
49-103  L51   #49-3    A56   +    W30  (D0.9 0)      {N}
49-104  L21   #49-103  V               (D0.5 0)      {N}
49-105  L70   #49-2    A65   +    W55  (D1.2 0)
49-106  L42   #49-105  V     +    W20  (D0.9 0)
49-107  L35   #49-106  V     +    W20  (D0.7 0)      {N}
49-108  L38   #49-105  A61   -    W55  (D0.7 0)
49-109  L37   #49-105  A54   +    W65  (D0.7 0)
49-110  L28   #49-105  A48   +    W45  (D0.4 0)
49-111  L56   #49-2    A50   +    W60  (D1.0 0)
49-112  L42   #49-111  V               (D0.8 0)
49-113  L30   #49-111  A47   +    W45  (D0.6 0)
49-114  L38   #49-2    A23   +    W45  (D1.0 0)
49-115  L32   #49-114  V               (D1.0 0)
49-116  L46   #49-1    A60   +    W60  (D1.1 0)
49-117  L45   #49-116  V               (D1.0 0)
49-118  L36   #49-117  V               (D1.0 0)
49-119  L26   #49-116  A39   -    W60  (D0.6 0)
49-120  L24   #49-1    A42   +    W60  (D0.5 0)
49-121  L26   #49-120  V               (D0.5 0)
49-122  L22   #49-121  V               (D0.5 0)
48-1    L60   #T5      A61   S30  W90  (D4.0 0)
48-2    L28   #48-1    V     R2   W20  (D3.7 0)
48-3    L60   #48-2    V     S345 W25  (D2.7 0)
48-4    L98   #48-3    V     -    W15  (D2.5 0)
48-5    L139  #48-4    V               (D1.5 0)      {N}
48-6    L27   #48-1    A35   -    W75  (D0.9 0)
48-7    L32   #48-6    V               (D0.9 0)
48-8    L54   #48-1    A54   -    W50  (D1.6 0)
48-9    L7    #48-8    V               (D0.5 0)      {#} 
48-10   L36   #48-8    A39   -    W80  (D0.9 0)
48-11   L36   #48-10   V               (D0.5 0)
48-12   L42   #48-8    A48   R8   W80  (D1.0 0)
48-13   L48   #48-12   V     R5   W30  (D1.0 0)
48-14   L22   #48-12   A38   -    W60  (D0.5 0)
48-15   L22   #48-12   A39   +    W80  (D0.5 0)
48-16   L45   #48-8    A51   +    W70  (D1.0 0)
48-17   L50   #48-16   V     +    W25  (D1.0 0)
48-18   L35   #48-16   A43   -    W60  (D0.7 0)
48-19   L33   #48-16   A41   +    W70  (D0.3 0)      {#}
48-20   L37   #48-2    A19   -    W65  (D1.4 0)
48-21   L60   #48-20   V               (D1.0 0)
48-22   L38   #48-21   V               (D0.8 0)      {N}
48-22a  L37   #48-20   A33   -    W80  (D1.0 0)
48-23   L28   #48-21   A57   -    W45  (D0.8 0)      {N}
48-24   L42   #48-3    A34   -    W45  (D0.8 0)
48-25   L23   #48-24   V               (D0.6 0)      {N}
48-26   L62   #48-3    A45   -    W80  (D1.3 0)
48-27   L82   #48-26   V               (D0.9 0)      {N}
48-28   L70   #48-26   A52   -    W55  (D0.7 0)      {N}
48-28a  L53   #48-26   A58   +    W60  (D0.7 0)      {N}
48-29   L10   #48-26   A36   R1   W45  (D0.6 0)      {N}
48-30   L52   #48-4    A29   -    W50  (D0.9 0)      {N}
48-31   L46   #48-4    A59   -    W60  (D0.9 0)      {N}
48-32   L83   #48-4    A75   -    W50  (D1.1 0)      {N}
48-33   L117  #48-4    A90   -    W70  (D1.4 0)      {N}
48-34   L106  #48-4    A87   +    W70  (D1.4 0)      {N}
48-35   L58   #48-4    A46   +    W65  (D1.2 0)      {N}
48-36   L34   #48-4    A4    +    W90  (D0.6 0)      {N}
48-37   L65   #48-3    A50   +    W65  (D1.2 0)
48-38   L63   #48-37   V               (D1.0 0)      {N}
48-39   L36   #48-37   A61   -    W50  (D0.6 0)      {N}
48-40   L42   #48-37   A63   +    W50  (D0.7 0)      {N}
48-41   L56   #48-2    A25   +    W65  (D1.8 0)
48-42   L76   #48-41   V     -    W5   (D1.5 0)
48-43   L76   #48-42   V               (D1.2 0)      {N}
48-44   L31   #48-41   A43   -    W50  (D1.0 0)
48-45   L31   #48-44   V               (D1.0 0)      {N}
48-46   L35   #48-41   A50   -    W35  (D0.9 0)      {+}
48-47   L27   #48-46   A33   +    W5   (D0.7 0)      {N}
48-48   L28   #48-42   A54   -    W60  (D1.0 0)      {N}
48-49   L52   #48-42   A70   -    W55  (D1.0 0)      {N}
48-50   L57   #48-42   A72   +    W60  (D1.1 0)      {N}
48-51   L22   #48-42   A53   +    W60  (D0.8 0)      {N}
48-52   L41   #48-41   A49   +    W15  (D1.0 0)
48-53   L27   #48-52   V               (D0.6 0)      {N,+}
48-54   L34   #48-2    A18   +    W65  (D1.0 0)
48-55   L32   #48-54   V               (D1.0 0)      {+}
48-56   L57   #48-1    A55   +    W85  (D1.6 0)      {+}
48-57   L28   #48-56   A34   -    W70  (D0.8 0)
48-58   L26   #48-57   V               (D0.8 0)
48-59   L35   #48-56   A45   -    W45  (D0.9 0)
48-60   L36   #48-59   V               (D0.6 0)
48-61   L40   #48-56   A46   +    W60  (D0.8 0)
48-62   L48   #48-61   V     -    W20  (D0.8 0)
48-63   L16   #48-1    A27   +    W60  (D0.7 0)
48-64   L21   #48-63   V               (D0.7 0)      {+}
47-1    L77   #T5      A62   S260 W75  (D5.4 0)
47-2    L88   #47-1    V     R1   W15  (D3.1 0)
47-3    L3    #47-2    V     -    W25  (D2.0 0)      {+}
47-4    L40   #47-1    A28   -    W50  (D0.8 0)
47-5    L24   #47-4    V               (D0.6 0)
47-6    L25   #47-1    A53   -    W55  (D0.6 0)
47-7    L14   #47-6    V               (D0.6 0)
47-8    L69   #47-1    A73   -    W60  (D1.9 0)      {+}
47-9    L9    #47-8    A34   R8   W35  (D1.0 0)
47-9a   L38   #47-9    V               (D1.0 0)
47-10   L24   #47-9a   V               (D0.7 0)
47-11   L37   #47-8    A48   -    W45  (D1.1 0)
47-12   L50   #47-11   V     +    W20  (D1.0 0)
47-13   L28   #47-12   V               (D0.7 0)      {N}
47-14   L21   #47-11   A2    R1   W45  (D0.5 0)
47-14a  L31   #47-11   A21   R8   W45  (D0.5 0)
47-14b  L8    #47-14a  V               (D0.5 0)      {N}
47-15   L12   #47-11   A34   -    W45  (D0.6 0)
47-16   L26   #47-12   V               (D0.6 0)      {N}
47-17   L24   #47-8    A65   -    W5   (D0.6 0)  J2  {PR}
47-18   L20   #47-17   V               (D0.5 0)  J1  {N}
47-19   L35   #47-8    A51   +    W45  (D1.0 0)
47-20   L45   #47-19   V               (D0.8 0)
47-21   L25   #47-19   A34   -    W50  (D0.6 0)
47-22   L28   #47-8    A39   +    W60  (D1.0 0)
47-23   L41   #47-22   V               (D0.9 0)
47-24   L43   #47-2    A2    -    W45  (D1.0 0)
47-25   L56   #47-2    A41   -    W55  (D2.2 0)
47-26   L60   #47-25   V               (D2.0 0)
47-27   L45   #47-26   V     -    W20  (D1.2 0)      {N}
47-28   L60   #47-25   A35   -    W45  (D1.1 0)
47-29   L55   #47-28   V               (D1.0 0)      {N}
47-30   L23   #47-28   A52   R1   W60  (D0.8 0)      {N}
47-31   L25   #47-28   A50   R5   W50  (D0.8 0)      {N}
47-32   L58   #47-25   A44   -    W45  (D1.0 0)
47-33   L52   #47-32   V               (D0.8 0)      {N}
47-34   L28   #47-32   A52   -    W65  (D0.6 0)      {N}
47-35   L34   #47-32   A54   +    W45  (D0.7 0)      {N}
47-36   L34   #47-26   A27   -    W45  (D1.0 0)      {N}
47-37   L47   #47-26   A43   -    W45  (D1.0 0)      {N}
47-38   L45   #47-26   A56   -    W45  (D1.0 0)      {N}
47-39   L40   #47-26   A59   R6   W50  (D1.1 0)      {N}
47-40   L49   #47-26   A57   +    W45  (D1.1 0)      {N}
47-41   L52   #47-26   A38   +    W45  (D1.0 0)      {N}
47-42   L46   #47-26   A25   +    W45  (D1.0 0)      {N}
47-43   L68   #47-25   A49   +    W55  (D1.2 0)
47-44   L56   #47-43   V               (D0.9 0)      {N}
47-45   L30   #47-43   A66   -    W65  (D0.7 0)      {N}
47-46   L33   #47-43   A66   +    W40  (D0.7 0)      {N}
47-46a  L65   #47-25   A34   R5   W20  (D1.0 0)
47-46b  L55   #47-46a  V     +    W5   (D0.8 0)      {N}
47-46c  L10   #47-46a  A48   R5   W50  (D0.5 0)      {N}
47-46d  L19   #47-46a  A58   R5   W75  (D0.7 0)      {N}
47-46e  L36   #47-46a  A62   R1   W50  (D0.8 0)      {N}
47-47   L4    #47-2    A58   -    W75  (D1.2 0)      {+, ON}
47-48   L44   #47-47   A1    -    W40  (D1.0 0)
47-49   L51   #47-48   V               (D0.9 0)      {N}
47-50   L19   #47-48   A31   -    W45  (D0.6 0)      {N}
47-51   L19   #47-48   A41   -    W45  (D0.6 0)      {N}
47-52   L12   #47-2    A75   R8   W90  (D1.6 0)      {+}
47-53   L55   #47-52   A2    R1   W25  (D1.2 0)
47-54a  L72   #47-53   V               (D1.1 0)      {N}
47-54   L6    #47-53   A48   -    W45  (D0.6 0)      {N}
47-55   L50   #47-53   A52   +    W30  (D0.7 0)      {N}
47-56   L12   #47-2    A81   -    W45  (D1.3 0)      {#}
47-57   L51   #47-56   A2    -    W30  (D0.9 0)
47-58   L58   #47-57   V     +    W15  (D1.1 0)      {N}
47-59   L56   #47-57   A43   -    W50  (D0.7 0)      {N}
47-60   L60   #47-3    A1    -    W20  (D1.2 0)
47-61   L45   #47-60   V               (D1.0 0)      {N}
47-62   L51   #47-60   A46   -    W40  (D0.7 0)      {N}
47-63   L55   #47-60   A57   +    W55  (D0.6 0)      {N}
47-64   L60   #47-3    A2    R1   W25  (D1.4 0)
47-65   L3    #47-64   V               (D0.9 0)      {N,+}
47-66   L33   #47-64   A33   -    W50  (D0.7 0)      {N}
47-67   L76   #47-64   A55   -    W30  (D1.1 0)      {N}
47-68   L55   #47-64   A50   +    W30  (D0.9 0)      {N}
47-69   L56   #47-3    A1    +    W15  (D1.7 0)
47-70   L91   #47-69   V               (D1.5 0)      {N}
47-71   L70   #47-69   A51   -    W45  (D1.0 0)      {N}
47-72   L68   #47-69   A50   +    W45  (D1.2 0)      {N}
47-73   L7    #47-2    A82   +    W45  (D1.9 0)      {+}
47-74   L52   #47-73   A1    -    W25  (D1.7 0)
47-75   L60   #47-74   V               (D1.0 0)      {N}
47-76   L38   #47-74   A51   -    W45  (D1.0 0)      {N}
47-77   L40   #47-74   A48   +    W30  (D0.7 0)      {N}
47-78   L55   #47-73   A2    +    W15  (D1.4 0)
47-79   L88   #47-78   V               (D1.2 0)      {N}
47-80   L7    #47-78   A38   -    W60  (D0.5 0)      {N,#}
47-81   L40   #47-78   A51   -    W35  (D1.0 0)      {N}
47-82   L43   #47-78   A48   +    W30  (D0.9 0)      {N}
47-83   L32   #47-2    A62   +    W90  (D0.5 0)
47-84   L7    #47-83   A2    -    W45  (D0.5 0)      {+} 
47-85   L55   #47-2    A38   +    W45  (D1.9 0)
47-86   L81   #47-85   V     S285 W25  (D1.5 0)
47-87   L68   #47-86   V     R1   W15  (D1.0 0)      {N}
47-88   L47   #47-85   A44   -    W45  (D1.0 0)
47-89   L14   #47-88   V               (D0.4 0)      {N}
47-90   L39   #47-86   A70   -    W70  (D0.6 0)      {N}
47-90a  L58   #47-86   A77   R6   W20  (D0.7 0)      {N}
47-91   L36   #47-86   A72   +    W65  (D0.6 0)      {N}
47-92   L14   #47-86   A52   +    W45  (D0.5 0)      {N}
47-93   L31   #47-85   A51   +    W15  (D1.0 0)
47-94   L20   #47-93   V               (D0.6 0)      {N}
47-95   L52   #47-85   A39   +    W40  (D1.3 0)
47-96   L48   #47-95   V               (D1.0 0)      {N}
47-97   L22   #47-95   A40   -    W45  (D0.6 0)      {N}
47-98   L28   #47-95   A45   +    W45  (D0.5 0)      {N}
47-98a  L8    #47-95   A38   +    W45  (D0.6 0)      {N}
47-99   L27   #47-2    A3    +    W40  (D1.0 0)
47-100  L60   #47-99   V               (D0.9 0)
47-101  L28   #47-100  V               (D0.6 0)      {N}
47-102  L35   #47-99   A19   -    W45  (D0.7 0)
47-103  L60   #47-1    A72   +    W45  (D3.0 0)
47-104  L56   #47-103  V     R1   W15  (D2.6 0)
47-105  L74   #47-104  V     R1   W15  (D2.0 0)
47-106  L100  #47-105  V     R1   W15  (D1.4 0)      {N}
47-107  L20   #47-103  A44   -    W60  (D0.9 0)
47-108  L35   #47-107  V               (D0.8 0)
47-109  L35   #47-103  A57   -    W45  (D1.0 0)
47-110  L56   #47-109  V     +    W15  (D1.0 0)
47-111  L34   #47-109  A30   -    W45  (D0.9 0)
47-112  L41   #47-104  A25   -    W45  (D0.9 0)
47-113  L27   #47-112  V               (D0.9 0)      {N}
47-114  L74   #47-104  A46   -    W35  (D1.4 0)
47-115  L67   #47-114  V               (D1.0 0)      {N}
47-116  L21   #47-114  A58   -    W40  (D0.6 0)      {N}
47-117  L41   #47-114  A72   -    W35  (D1.0 0)      {N}
47-118  L37   #47-114  A70   +    W45  (D1.0 0)      {N}
47-119  L13   #47-114  A54   +    W45  (D1.0 0)      {N}
47-120  L45   #47-104  A53   S260 W25  (D1.0 0)
47-121  L36   #47-120  V               (D0.9 0)      {N}
47-122  L42   #47-105  A7    R8   W50  (D1.0 0)      {N}
47-123  L66   #47-105  A42   -    W60  (D1.0 0)      {N}
47-124  L66   #47-105  A65   -    W50  (D1.1 0)      {N}
47-125  L83   #47-105  A68   R6   W30  (D1.3 0)      {N}
47-126  L75   #47-105  A60   +    W50  (D1.3 0)      {N}
47-127  L42   #47-105  A40   +    W55  (D1.0 0)      {N}
47-128  L74   #47-104  A50   +    W20  (D1.4 0)
47-129  L76   #47-128  V     R1   W10  (D1.1 0)      {N}
47-130  L18   #47-128  A44   -    W45  (D0.4 0)      {N}
47-131  L43   #47-128  A65   -    W45  (D0.6 0)      {N}
47-132  L50   #47-128  A70   +    W45  (D1.0 0)      {N}
47-133  L38   #47-128  A63   +    W50  (D0.8 0)      {N}
47-134  L37   #47-104  A48   +    W70  (D0.9 0)
47-135  L29   #47-134  V               (D0.6 0)      {N}
47-136  L50   #47-104  A25   +    W45  (D1.0 0)      {N}
47-137  L40   #47-136  V               (D0.9 0)      {N}
47-138  L24   #47-104  A2    R2   W45  (D1.0 0)
47-139  L24   #47-138  V               (D0.9 0)      {N}
47-140  L34   #47-103  A54   +    W55  (D1.0 0)
47-141  L48   #47-140  V     -    W30  (D1.0 0)
47-142  L30   #47-141  V               (D0.8 0)      {N}
47-143  L28   #47-140  A36   +    W25  (D0.7 0)  
47-144  L38   #47-140  A31   +    W45  (D0.7 0)
47-145  L38   #47-103  A42   +    W70  (D0.9 0)
47-146  L21   #47-145  V               (D0.8 0)
47-147  L36   #47-103  A31   +    W45  (D0.7 0)
47-148  L22   #47-147  V               (D0.7 0)
47-149  L31   #47-1    A48   +    W70  (D1.0 0)
47-150  L29   #47-149  V     R1   W20  (D1.0 0)
47-151  L35   #47-150  V     R1   W20  (D1.0 0)
47-152  L25   #47-151  V     R1   W15  (D0.8 0)      {N}
47-153  L23   #47-150  A24   -    W55  (D0.6 0)
47-154  L16   #47-151  A33   -    W50  (D0.6 0)      {N}
46-1    L54   #T5      A66   S350 W75  (D3.9 0)
46-2    L71   #46-1    V     +    W20  (D3.5 0)
46-3    L22   #46-1    A33   -    W50  (D0.6 0)
46-4    L24   #46-3    V               (D0.6 0)
46-5    L45   #46-1    A50   -    W55  (D1.5 0)
46-6    L50   #46-5    V     +    W30  (D1.0 0)
46-7    L42   #46-6    V               (D0.8 0)
46-8    L34   #46-7    V               (D0.8 0)      {N}
46-9    L24   #46-5    A30   -    W55  (D0.6 0)
46-10   L28   #46-9    V               (D0.6 0)
46-11   L34   #46-5    A43   -    W40  (D0.8 0)
46-12   L31   #46-11   V               (D0.6 0)
46-13   L22   #46-6    A47   -    W50  (D0.6 0)
46-14   L31   #46-13   V               (D0.6 0)      {N}
46-15   L38   #46-5    A40   +    W50  (D0.8 0)
46-16   L27   #46-15   V               (D0.5 0)
46-17   L35   #46-2    A2    -    W65  (D0.7 0)
46-18   L32   #46-17   V     +    W35  (D0.5 0)
46-19   L55   #46-2    A39   -    W45  (D1.0 0)
46-20   L54   #46-19   V     +    W30  (D0.9 0)
46-21   L22   #46-20   V               (D0.6 0)      {N}
46-22   L21   #46-19   A42   -    W70  (D0.6 0)
46-23   L26   #46-22   V               (D0.5 0)      {N}
46-24   L30   #46-19   A43   +    W40  (D0.5 0)
46-25   L60   #46-2    A55   -    W50  (D2.7 0)
46-26   L100  #46-25   V     S80  W20  (D2.3 0)
46-27   L12   #46-26   V               (D0.5 0)
46-28   L45   #46-25   A     -    W50  (D1.3 0)
46-29   L40   #46-28   V               (D1.0 0)      {N}
46-30   L41   #46-28   A36   -    W70  (D0.7 0)      {N}
46-31   L35   #46-28   A35   +    W65  (D0.8 0)      {N}
46-32   L7    #46-26   A4    -    W60  (D0.7 0)      {N}
46-33   L70   #46-26   A43   -    W45  (D1.3 0)      {N}
46-34   L7    #46-26   A65   -    W45  (D0.5 0)      {N,#}
46-35   L60   #46-26   A89   -    W45  (D1.6 0)      {N}
46-36   L15   #46-26   A92   +    W45  (D0.5 0)      {N,+}
46-37   L10   #46-26   A79   +    W45  (D0.5 0)      {N,+}
46-38   L89   #46-26   A50   +    W45  (D1.2 0)      {N}
46-39   L41   #46-26   A3    +    W65  (D1.0 0)      {N}
46-39a  L38   #46-25   A57   +    W40  (D1.3 0)      {+}
46-39b  L38   #46-39a  A28   -    W40  (D0.8 0)      {N}
46-39c  L38   #46-39a  A33   +    W10  (D0.8 0)      {N}
46-40   L50   #46-25   A40   +    W45  (D1.4 0)
46-41   L58   #46-40   V               (D1.1 0)      {N}
46-42   L36   #46-40   A44   -    W45  (D0.9 0)      {N}
46-43   L33   #46-40   A44   +    W50  (D0.4 0)      {N}
46-44   L67   #46-2    A69   -    W10  (D2.0 0)
46-45   L34   #46-44   V               (D0.8 0)      {+}
46-45a  L43   #46-44   A43   -    W60  (D0.8 0)
46-45b  L22   #46-45a  V               (D0.6 0)      {N}
46-46   L67   #46-44   A60   -    W45  (D1.6 0)
46-47   L60   #46-46   V     R1   W30  (D1.0 0)      {N,+}
46-48   L43   #46-46   A61   -    W45  (D0.6 0)      {N}
46-49   L31   #46-46   A57   +    W60  (D0.6 0)      {N}
46-50   L19   #46-45   A20   +    W45  (D0.5 0)      {N}
46-51   L79   #46-44   A65   +    W30  (D1.6 0)
46-52   L83   #46-51   V     R1   W10  (D1.4 0)      {N}
46-53   L66   #46-51   A52   -    W50  (D0.6 0)      {N}
46-54   L61   #46-51   A73   +    W40  (D1.1 0)      {N}
46-55   L30   #46-51   A34   +    W40  (D0.6 0)      {N}
46-56   L68   #46-2    A62   +    W45  (D1.3 0)      {AB}
46-57   L76   #46-56   A62   -    W40  (D1.1 0)
46-58   L12   #46-56   A58   +    W45  (D0.5 0)      {+}
46-59   L49   #46-56   A41   +    W50  (D0.7 0)
46-60   L28   #46-2    A60   +    W45  (D1.3 0)      {AB}
46-61   L34   #46-60   A2    +    W30  (D0.6 0)
46-62   L49   #46-2    A44   +    W55  (D1.0 0)
46-63   L59   #46-62   V     -    W30  (D0.8 0)
46-64   L35   #46-63   V               (D0.5 0)      {N}
46-65   L19   #46-62   A39   -    W70  (D0.5 0)
46-66   L22   #46-62   A42   +    W60  (D0.4 0)
46-67   L45   #46-2    A32   +    W40  (D0.9 0)
46-68   L35   #46-67   V               (D0.7 0)
46-69   L10   #46-2    A1    +    W80  (D0.5 0)
46-70   L51   #46-1    A51   R5   W10  (D1.0 0)
46-71   L36   #46-70   V               (D0.6 0)
46-72   L32   #46-71   V               (D0.6 0)
46-73   L5    #46-72   V               (D0.5 0)      {N}
46-74   L12   #46-70   A49   -    W45  (D0.5 0)
46-75   L43   #46-1    A48   +    W65  (D1.0 0)
46-76   L2    #46-75   V               (D0.5 0)      {+}
46-77   L32   #46-75   A39   -    W50  (D0.5 0)
46-78   L30   #46-75   A37   +    W45  (D0.6 0)
46-79   L22   #46-78   V     -    5    (D0.6 0)
45-1    L27   #T4      A2    S180 W5   (D1.8 0)      {AB}
44-1    L23   #T4      A3    S45  W70  (D0.7 0)      {N, PR}
43-1    L27   #T4      A5    S300 W90  (D0.7 0)      {N, PR}
42-1    L77   #T4      A36   S315 W80  (D2.9 0)
42-2    L35   #42-1    V               (D1.8 0)      {AB}
42-3    L30   #42-1    A30   -    W60  (D0.9 0)
42-4    L40   #42-3    V               (D0.8 0)
42-5    L32   #42-4    V               (D0.7 0)      {N}
42-6    L4    #42-1    A48   -    W90  (D1.1 0)      {+}
42-7    L8    #42-6    A1    +    W30  (D1.0 0)
42-8    L25   #42-7    V               (D0.8 0)      {N}
42-9    L20   #42-1    A69   R8   W45  (D1.3 0)      {AB, ON, #}
42-10   L29   #42-9    A2    -    W60  (D0.9 0)  J1  {N, PR}
42-11   L34   #42-1    A74   R6   W30  (D1.1 0)      {AB, ON, #}
42-12   L34   #42-11   A3    +    W70  (D0.6 0)  J1  {N, PR}
42-13   L32   #42-2    A4    -    W55  (D1.1 0)
42-14   L71   #42-13   V     +    W10  (D1.0 0)      {N}
42-15   L60   #42-13   A30   -    W45  (D0.9 0)      {N}
42-16   L45   #42-13   A22   +    W50  (D0.9 0)      {N}
42-17   L36   #42-2    A2    +    W60  (D1.1 0)
42-18   L43   #42-17   V               (D1.0 0)      {N}
42-19   L26   #42-17   A2    -    W40  (D0.7 0)      {N}
42-20   L58   #42-17   A31   -    W45  (D1.1 0)      {N}
42-21   L52   #42-17   A28   +    W45  (D0.9 0)      {N}
42-22   L65   #42-1    A68   S115 W15  (D2.0 0)
42-23   L22   #42-22   V     R5   W45  (D1.0 0)      {+}
42-24   L55   #42-22   A62   -    W60  (D1.2 0)
42-25   L17   #42-24   V               (D0.7 0)      {N,+}
42-26   L45   #42-24   A32   -    W45  (D1.0 0)      {N}
42-27   L17   #42-24   A51   -    W45  (D0.7 0)      {N,+}
42-28   L14   #42-24   A45   +    W45  (D0.7 0)      {N,+}
42-29   L23   #42-23   A20   -    W65  (D0.5 0)      {N}
42-30   L54   #42-22   A61   +    W50  (D1.4 0)
42-31   L89   #42-30   V               (D1.2 0)      {N}
42-32   L54   #42-30   A42   -    W40  (D0.9 0)      {N}
42-33   L51   #42-30   A43   +    W60  (D0.9 0)      {N}
42-34   L44   #42-30   A31   +    W70  (D0.7 0)      {N}
42-35   L29   #42-22   A40   +    W55  (D1.0 0)
42-36   L8    #42-35   V               (D0.5 0)      {N,#}
42-37   L26   #42-35   A17   -    W40  (D0.7 0)      {N}
42-38   L28   #42-1    A54   +    W45  (D1.0 0)      {ON}
42-39   L32   #42-38   V               (D0.7 0)      {#, ON}
42-40   L18   #42-38   A24   -    45   (D0.9 0)
42-41   L24   #42-40   V               (D0.7 0)
42-42   L3    #42-38   A2    +    W45  (D0.8 0)
42-43   L37   #42-1    A34   +    W55  (D1.1 0)
42-44   L54   #42-43   V     -    W10  (D1.0 0)
42-45   L36   #42-44   V               (D0.7 0)      {N}
42-46   L25   #42-44   A48   +    W45  (D0.6 0)      {N}
42-47   L25   #42-43   A33   +    W40  (D0.8 0)
42-48   L31   #42-47   V     -    W25  (D0.7 0)      {N}
41-1    L24   #T4      A38   S270 W85  (D3.0 0)
41-2    L65   #41-1    V     -    W30  (D1.8 0)      {+}
41-3    L4    #41-1    A22   -    W75  (D0.5 0)
41-4    L37   #41-2    A40   -    W50  (D1.1 0)
41-5    L36   #41-4    V               (D0.7 0)      {N}
41-6    L49   #41-2    A58   -    W35  (D1.0 0)
41-7    L54   #41-6    V     +    W10  (D0.7 0)      {N}
41-8    L32   #41-6    A43   -    W45  (D0.7 0)      {N}
41-9    L25   #41-6    A40   +    W70  (D0.5 0)      {N}
41-10   L60   #41-2    A60   +    W30  (D1.3 0)
41-11   L69   #41-10   V     -    W10  (D1.0 0)      {N}
41-12   L40   #41-10   A55   -    W50  (D1.0 0)      {N}
41-13   L36   #41-10   A52   +    W45  (D0.7 0)      {N}
41-14   L26   #41-10   A40   +    W45  (D0.7 0)      {N}
41-15   L42   #41-2    A52   +    W50  (D0.8 0)
41-16   L38   #41-15   V               (D0.7 0)      {N}
41-17   L47   #41-1    A15   +    W50  (D2.0 0)
41-18   L67   #41-17   V     R1   W20  (D1.6 0)
41-19   L82   #41-18   V     -    W10  (D1.0 0)      {N}
41-20   L31   #41-17   A40   -    W50  (D0.7 0)
41-21   L31   #41-20   V               (D0.6 0)      {N}
41-22   L39   #41-18   A45   -    W55  (D0.7 0)      {N}
41-23   L58   #41-18   A61   -    W50  (D1.0 0)      {N}
41-24   L63   #41-18   A64   +    W40  (D1.0 0)      {N}
41-25   L48   #41-18   A58   +    W60  (D1.0 0)      {N}
41-26   L18   #41-18   A27   +    W60  (D0.6 0)      {N}
41-27   L45   #41-17   A43   +    W45  (D1.0 0)
41-28   L42   #41-27   V     -    W15  (D0.8 0)      {N}
40-1    L25   #T4      A44   S225 W90  (D0.9 0)  J1  {N,PR}
39-1    L39   #T4      A45   S180 W90  (D1.0 0)  J1  {N,PR}
38-1    L80   #T4      A45   S150 W70  (D4.0 0)
38-2    L107  #38-1    V               (D2.4 0)
38-3    L5    #38-2    V     R1   W45  (D0.7 0)  C6  {#}
38-4    L38   #38-3    A0    -    W40  (D0.8 0)      {N}
38-5    L22   #38-3    A0    +    W40  (D0.7 0)      {N}
38-6    L37   #38-1    A30   -    W65  (D0.7 0)      {+}
38-7    L45   #38-1    A46   -    W70  (D1.0 0)
38-8    L53   #38-7    V               (D0.9 0)
38-9    L32   #38-8    V               (D0.5 0)      {N}
38-10   L29   #38-7    A42   -    W80  (D0.7 0)
38-11   L21   #38-10   V               (D0.5 0)      {N}
38-12   L22   #38-7    A39   +    W45  (D0.5 0)
38-13   L60   #38-1    A66   -    W65  (D1.3 0)
38-14   L40   #38-13   V     -    W30  (D0.9 0)
38-15   L23   #38-14   V               (D0.7 0)      {N,+}
38-16   L20   #38-13   A42   -    W40  (D0.8 0)
38-17   L21   #38-16   V               (D0.5 0)      {N}
38-18   L17   #38-13   A54   R2   W30  (D0.7 0)
38-19   L22   #38-18   V               (D0.7 0)      {N}
38-20   L39   #38-13   A54   R4   W30  (D0.8 0)
38-21   L25   #38-20   V               (D0.5 0)      {N}
38-22   L74   #38-1    A77   -    W50  (D2.2 0)
38-23   L15   #38-22   V               (D1.0 0)
38-24   L39   #38-23   V               (D0.8 0)      {N}
38-25   L46   #38-22   A48   -    W45  (D1.0 0)
38-26   L45   #38-25   V               (D0.8 0)      {N}
38-27   L67   #38-22   A67   -    W30  (D1.6 0)
38-28   L107  #38-27   V               (D1.2 0)      {N}
38-29   L63   #38-27   A58   -    W50  (D0.9 0)      {N}
38-30   L64   #38-27   A58   +    W60  (D0.9 0)      {N}
38-31   L46   #38-27   A45   +    W60  (D0.8 0)      {N}
38-32   L72   #38-22   A70   +    W60  (D1.7 0)
38-33   L90   #38-32   V               (D1.0 0)      {N}
38-34   L35   #38-32   A37   -    W70  (D0.7 0)      {N}
38-35   L52   #38-32   A66   -    W50  (D0.9 0)      {N}
38-36   L63   #38-32   A68   +    W25  (D0.9 0)      {N}
38-37   L46   #38-32   A55   +    W45  (D0.7 0)      {N}
38-38   L45   #38-22   A55   +    W70  (D1.0 0)
38-39   L38   #38-38   V               (D0.9 0)      {N}
38-40   L68   #38-2    A37   -    W45  (D1.4 0)
38-41   L90   #38-40   V     -    W10  (D1.0 0)      {N}
38-42   L67   #38-40   A64   -    W45  (D0.9 0)      {N}
38-43   L58   #38-40   A60   +    W45  (D0.6 0)      {N}
38-44   L7    #38-2    A72   -    W60  (D0.7 0)      {+}
38-45   L22   #38-2    A102  R5   W45  (D0.7 0)      {+}
38-46   L43   #38-45   A18   R1   W45  (D0.7 0)      {N}
38-47   L108  #38-2    A96   +    W35  (D1.7 0)
38-48   L107  #38-47   V     -    W5   (D1.2 0)      {N}
38-49   L22   #38-47   A2    -    W15  (D0.3 0)      {N}
38-50   L68   #38-47   A75   -    W60  (D0.9 0)      {N}
38-51   L39   #38-47   A98   -    W50  (D0.9 0)      {N}
38-52   L30   #38-47   A100  +    W45  (D0.9 0)      {N,+}
38-53   L65   #38-47   A83   +    W55  (D0.9 0)      {N}
38-54   L56   #38-47   A57   +    W60  (D1.0 0)      {N}
38-55   L12   #38-2    A80   +    W60  (D0.7 0)      {+}
38-56   L13   #38-2    A54   +    W60  (D0.7 0)      {+}
38-57   L57   #38-2    A33   +    W45  (D1.2 0)
38-58   L65   #38-57   V     +    W25  (D0.9 0)      {N}
38-59   L36   #38-57   A49   -    W80  (D0.5 0)      {N}
38-60   L32   #38-57   A48   +    W85  (D0.5 0)      {N}
38-61   L72   #38-1    A74   +    W50  (D1.1 0)
38-62   L54   #38-61   V               (D1.0 0)
38-63   L30   #38-62   V               (D0.6 0)      {N}
38-64   L34   #38-61   A67   -    W45  (D0.8 0)
38-65   L35   #38-61   A68   +    W50  (D0.8 0)
38-66   L22   #38-65   V               (D0.5 0)      {N}
38-67   L66   #38-1    A72   +    W60  (D1.5 0)
38-68   L51   #38-67   V     -    W10  (D1.0 0)
38-69   L48   #38-68   V     -    W10  (D0.9 0)      {N}
38-70   L18   #38-67   A45   -    W70  (D0.6 0)
38-71   L14   #38-70   V               (D0.5 0)      {N}
38-72   L38   #38-67   A60   -    W60  (D0.7 0)
38-73   L26   #38-72   V     +    W35  (D0.5 0)      {N}
38-74   L30   #38-68   A44   -    W55  (D0.6 0)      {N}
38-75   L41   #38-68   A48   +    W60  (D0.8 0)      {N}
38-76   L21   #38-68   A32   +    W45  (D0.5 0)      {N}
38-77   L20   #38-67   A65   R4   W50  (D0.5 0)
38-78   L38   #38-67   A58   +    W80  (D0.7 0)
38-79   L31   #38-78   V               (D0.5 0)      {N}
38-80   L45   #38-1    A48   +    W45  (D1.0 0)
38-81   L50   #38-80   V               (D1.0 0)
38-82   L18   #38-81   V               (D0.5 0)      {N}
37-1    L28   #T3      A5    S320 W90  (D0.9 0)
37-2    L44   #37-1    V               (D0.9 0)      {+}
36-1    L35   #T3      A10   S125 W90  (D1.0 0)
36-2    L42   #36-1    V     -    W10  (D0.9 0)
36-3    L29   #36-1    A32   -    W55  (D0.9 0)
36-4    L31   #36-1    A32   +    W65  (D0.9 0)
35-1    L65   #T3      A23   S180 W70  (D3.4 0)
35-2    L111  #35-1    V     -    W30  (D2.8 0)
35-3    L162  #35-2    V               (D2.3 0)      {N}
35-4    L28   #35-1    A53   -    W70  (D1.2 0)
35-5    L18   #35-4    V     -    W35  (D0.6 0)
35-6    L10   #35-2    A3    -    W80  (D0.5 0)      {N}
35-7    L57   #35-2    A41   -    W45  (D0.9 0)      {N}
35-8    L77   #35-2    A74   -    W60  (D1.0 0)      {N}
35-9    L111  #35-2    A102  -    W60  (D1.0 0)      {N}
35-10   L130  #35-2    A105  R8   W45  (D1.1 0)      {N}
35-11   L135  #35-2    A108  S110 W25  (D1.2 0)      {N}
35-12   L8    #35-2    A101  +    W60  (d0.6 0)      {N}
35-13   L76   #35-2    A71   +    W65  (D1.0 0)      {N}
35-14   L60   #35-2    A38   +    W50  (D1.0 0)      {N}
35-15   L27   #35-2    A4    +    W50  (D0.7 0)      {N}
35-16   L54   #35-1    A61   +    W40  (D1.5 0)
35-17   L64   #35-16   V               (D1.0 0)      {N}
35-18   L36   #35-16   A49   -    W50  (D0.9 0)      {N}
35-19   L36   #35-16   A48   +    W50  (D0.9 0)      {N}
35-20   L88   #35-1    A46   +    W45  (D1.8 0)
35-21   L114  #35-20   V               (D1.3 0)      {N}
35-22   L31   #35-20   A43   -    W55  (D0.9 0)      {N}
35-23   L46   #35-20   A62   -    W45  (D0.9 0)      {N}
35-24   L80   #35-20   A80   -    W45  (D1.0 0)      {N}
35-25   L70   #35-20   A78   +    W35  (D1.0 0)      {N}
35-26   L33   #35-20   A44   +    W50  (D0.9 0)      {N}
35-27   L45   #35-1    A41   +    W65  (D0.8 0)
35-28   L44   #35-27   V               (D0.8 0)      {N}
34-1    L68   #T3      A25   S5   W65  (D2.8 0)
34-2    L98   #34-1    V     R1   W20  (D2.5 0)
34-3    L109  #34-2    V     R1   W10  (D1.4 0)      {N}
34-4    L40   #34-1    A42   -    W70  (D0.8 0)
34-5    L27   #34-4    V               (D0.6 0)      {N}
34-6    L53   #34-1    A62   R8   W65  (D1.0 0)
34-7    L38   #34-6    V               (D0.6 0)      {N}
34-8    L24   #34-6    A49   -    W45  (D0.6 0)      {N}
34-9    L50   #34-1    A67   R5   W30  (D0.9 0)
34-10   L31   #34-9    V               (D0.6 0)      {N}
34-11   L46   #34-2    A43   -    W75  (D0.9 0)      {N}
34-12   L52   #34-2    A72   -    W65  (D0.9 0)      {N}
34-13   L70   #34-2    A88   -    W35  (D1.0 0)      {N}
34-14   L55   #34-2    A94   R5   W50  (D1.1 0)      {N}
34-15   L89   #34-2    A95   +    W60  (D1.6 0)      {N}
34-15a  L22   #34-2    A90   R8   W40  (D0.7 0)      {N,#}
34-16   L68   #34-2    A65   +    W50  (D1.0 0)      {N}
34-17   L48   #34-2    A35   +    W50  (D1.0 0)      {N}
34-18   L55   #34-1    A58   +    W45  (D1.0 0)
34-19   L61   #34-18   V               (D0.8 0)      {N}
34-20   L34   #34-18   A52   -    W45  (D0.7 0)      {N}
34-21   L28   #34-18   A50   +    W45  (D0.6 0)      {N}
33-1    L27   #T3      A47   S135 W115 (D0.9 0)  J1  {N, PR} 
32-1    L38   #T3      A48   S100 W85  (D1.5 0)      {#, AB, ON}
31-1    L64   #T3      A48   S160 W75  (D2.2 0)      {AB}
31-2    L63   #31-1    A43   +    W60  (D1.3 0)      {+}
31-3    L52   #31-2    A36   -    W60  (D0.7 0)      {N}
31-4    L58   #31-2    A51   -    W60  (D0.9 0)      {N}
31-5    L70   #31-2    A50   +    W60  (D1.0 0)      {N}
31-6    L32   #31-2    A18   +    W55  (D0.8 0)      {N}
30-1    L75   #T3      A53   S65  W80  (D2.7 0)      {AB}
30-2    L80   #30-1    A58   -    W50  (D1.8 0)
30-3    L114  #30-2    V     -    W5   (D1.6 0)      {N}
30-4    L26   #30-2    A2    R2   W70  (D0.9 0)      {N}
30-5    L47   #30-2    A48   -    W55  (D1.1 0)      {N}
30-6    L70   #30-2    A69   -    W69  (D1.0 0)      {N}
30-7    L80   #30-2    A75   S70  W50  (D1.0 0)      {N}
30-8    L62   #30-2    A62   +    W45  (D0.9 0)      {N}
30-9    L43   #30-2    A36   +    W60  (D1.0 0)      {N}
30-10   L38   #30-2    A22   +    W65  (D1.0 0)      {N}
30-11   L58   #30-1    A40   +    W55  (D1.3 0)
30-12   L80   #30-11   V               (D1.0 0)      {N}
30-13   L31   #30-11   A32   -    W75  (D0.6 0)      {N}
30-14   L46   #30-11   A47   -    W60  (D1.0 0)      {N}
30-15   L62   #30-11   A56   +    W70  (D0.8 0)      {N}
30-16   L47   #30-11   A47   +    W65  (D0.7 0)      {N}
30-17   L27   #30-11   A28   +    W65  (D0.6 0)      {N}
29-1    L60   #T3      A57   S320 W80  (D2.2 0)      {+}
29-2    L58   #29-1    A42   -    W50  (D1.5 0)
29-3    L57   #29-2    V     +    W10  (D1.0 0)      {N}
29-4    L30   #29-2    A31   -    W55  (D0.7 0)      {N}
29-5    L40   #29-2    A44   -    W50  (D0.8 0)      {N}
29-6    L41   #29-2    A53   R6   W30  (D1.0 0)      {N}
29-7    L49   #29-2    A51   +    W45  (D0.6 0)      {N}
29-8    L59   #29-1    A53   +    W50  (D1.4 0)
29-9    L62   #29-8    V     -    W10  (D1.0 0)      {N}
29-10   L41   #29-8    A52   -    W50  (D0.8 0)      {N}
29-11   L48   #29-8    A57   +    W35  (D0.9 0)      {N}
29-12   L39   #29-8    A49   +    W50  (D1.0 0)      {N}
29-13   L33   #29-8    A37   +    W60  (D0.8 0)      {N}
28-1    L45   #T2      A5    S315 W90  (D1.0 0)
28-2    L60   #28-1    V     +    W10  (D1.0 0)      {N}
28-3    L34   #28-1    A42   -    W55  (D0.8 0)      {N}
27-1    L70   #T2      A5    S240 W65  (D1.9 0)
27-2    L116  #27-1    V     R5   W10  (D1.5 0)      {N}
27-3    L85   #27-1    A63   -    W65  (D0.9 0)      {N}
28-4    L10   #27-1    A64   +    W65  (D0.8 0)      {N}
26-1    L75   #T2      A5    S150 W75  (D2.2 0)
26-2    L148  #26-1    V               (D1.6 0)      {N}
26-3    L64   #26-1    A43   -    W60  (D0.9 0)      {N}
26-4    L116  #26-1    A66   -    W40  (D1.2 0)      {N}
26-5    L109  #26-1    A70   +    W5   (D1.1 0)      {N, +}
26-6    L92   #26-1    A65   S70  W60  (D1.0 0)      {N}
26-7    L40   #26-1    A22   +    W65  (D0.6 0)      {N}
25-1    L88   #T2      A33   S230 W70  (D2.1 0)
25-2    L92   #25-1    V               (D1.4 0)      {N}
25-3    L58   #25-1    A59   -    W55  (D1.3 0)      {N}
25-4    L101  #25-1    A82   -    W45  (D1.3 0)      {N}
25-5    L75   #25-1    A86   R6   W25  (D1.1 0)      {N}
25-6    L92   #25-1    A85   +    W50  (D1.2 0)      {N}
25-7    L75   #25-1    A71   +    W50  (D1.2 0)      {N}
25-8    L43   #25-1    A46   +    W65  (D0.8 0)      {N}
24-1    L92   #T2      A40   S270 W70  (D2.3 0)
24-2    L130  #24-1    V     S5   W10  (D1.8 0)      {N}
24-3    L41   #24-1    A44   -    W70  (D1.0 0)      {N}
24-4    L56   #24-1    A65   -    W65  (D1.0 0)      {N}
24-5    L89   #24-1    A83   -    W55  (D1.6 0)      {N}
24-6    L98   #24-1    A89   S220 W30  (D1.3 0)      {N}
24-7    L80   #24-1    A79   +    W45  (D1.2 0)      {N}
24-8    L50   #24-1    A49   +    W45  (D1.0 0)      {N}
23-1    L145  #T2      A60   S170 W65  (D3.0 0)
23-2    L173  #23-1    V     -    W5   (D2.0 0)      {N}
23-3    L54   #23-1    A53   -    W70  (D1.0 0)      {N}
23-4    L75   #23-1    A90   -    W65  (D1.0 0)      {N}
23-5    L116  #23-1    A130  -    W60  (D1.4 0)      {N}
23-6    L126  #23-1    A140  -    W40  (D1.2 0)      {N}
23-7    L134  #23-1    A138  +    W45  (D1.5 0)      {N}
23-8    L70   #23-1    A137  S50  W25  (D1.3 0)      {N,+}
23-9    L93   #23-1    A112  +    W55  (D1.0 0)      {N}
23-10   L74   #23-1    A88   +    W70  (D1.0 0)      {N}
23-11   L55   #23-1    A52   +    W70  (D1.0 0)      {N}
22-1    L125  #T2      A65   S45  W65  (D2.7 0)
22-2    L163  #22-1    V     -    W10  (D1.9 0)      {N}
22-3    L65   #22-1    A60   -    W60  (D1.2 0)      {N}
22-4    L83   #22-1    A87   -    W70  (D1.1 0)      {N}
22-5    L18   #22-1    A119  -    W55  (D1.0 0)      {N}
22-6    L11   #22-1    A123  R6   W45  (D1.0 0)      {N}
22-7    L130  #22-1    A121  +    W50  (D1.1 0)      {N}
22-8    L106  #22-1    A108  +    W50  (D1.0 0)      {N}
22-9    L84   #22-1    A84   +    W50  (D1.0 0)      {N}
22-10   L52   #22-1    A40   +    W45  (D1.0 0)      {N}
21-1    L100  #T2      A112  S315 W60  (D2.9 0)      {AB}
21-2    L7    #21-1    A44   -    W55  (D0.5 0)      {N}
21-3    L69   #21-1    A88   -    W60  (D0.8 0)      {N}
21-4    L54   #21-1    A84   R5   W40  (D1.0 0)      {N}
21-5    L58   #21-1    A78   +    W60  (D1.0 0)      {N}
21-6    L55   #21-1    A49   +    W60  (D1.0 0)      {N}
20-1    L180  #T2      A116  S210 W65  (D3.6 0)
20-2    L170  #20-1    V     R1   W10  (D2.8 0)      {N}
20-3    L55   #20-1    A56   -    W60  (D1.0 0)      {N}
20-4    L76   #20-1    A107  -    W60  (D1.0 0)      {N}
20-5    L94   #20-1    A137  -    W40  (D1.3 0)      {N}
20-6    L129  #20-1    A169  -    W45  (D1.6 0)      {N}
20-7    L135  #20-1    A176  S265 W15  (D1.7 0)      {N}
20-8    L136  #20-1    A174  S85  W60  (D1.6 0)      {N}
20-9    L131  #20-1    A170  S60  W60  (D1.6 0)      {N}
20-10   L97   #20-1    A132  S80  W65  (D1.3 0)      {N}
20-11   L68   #20-1    A90   +    W60  (D1.1 0)      {N}
20-12   L61   #20-1    A72   +    W65  (D0.9 0)      {N}
19-1    L167  #T2      A188  S0   W60  (D3.6 0)
19-2    L162  #19-1    V     R1   W10  (D2.3 0)      {N}
19-3    L45   #19-1    A52   -    W65  (D1.5 0)      {N}
19-4    L62   #19-1    A80   -    W65  (D1.4 0)      {N}
19-5    L68   #19-1    A100  S280 W70  (D1.3 0)      {N}
19-6    L99   #19-1    A130  -    W65  (D1.6 0)      {N}
19-7    L128  #19-1    A162  -    W55  (D2.0 0)      {N}
19-8    L135  #19-1    A162  S300 W60  (D2.0 0)      {N}
19-9    L124  #19-1    A164  R5   W10  (D1.5 0)      {N}
19-10   L125  #19-1    A163  S70  W45  (D1.9 0)      {N}
19-11   L140  #19-1    A160  +    W55  (D1.8 0)      {N}
19-12   L103  #19-1    A138  +    W65  (D1.6 0)      {N}
19-13   L84   #19-1    A106  +    W70  (D1.4 0)      {N}
19-14   L65   #19-1    A96   R6   W45  (D1.2 0)      {N}
19-15   L54   #19-1    A54   +    W70  (D1.4 0)      {N}
18-1    L183  #T2      A122  S235 W60  (D3.7 0)
18-2    L169  #18-1    V     R1   W10  (D2.7 0)      {N}
18-3    L42   #18-1    A46   -    W55  (D1.0 0)      {N}
18-4    L54   #18-1    A64   -    W50  (D1.1 0)      {N}
18-5    L39   #18-1    A74   S280 W45  (D1.0 0)      {N}
18-6    L69   #18-1    A98   -    W60  (D1.2 0)      {N} 
18-7    L62   #18-1    A104  S240 W40  (D1.0 0)      {N}
18-8    L78   #18-1    A132  -    W65  (D1.6 0)      {N}
18-9    L124  #18-1    A174  -    W65  (D1.6 0)      {N}
18-10   L128  #18-1    A175  S290 W40  (D1.5 0)      {N}
18-11   L128  #18-1    A176  R5   W20  (D1.8 0)      {N}
18-12   L124  #18-1    A179  +    W40  (D1.6 0)      {N}
18-13   L121  #18-1    A172  +    W60  (D2.0 0)      {N}
18-14   L72   #18-1    A140  S140 W45  (D1.0 0)      {N}
18-15   L82   #18-1    A130  +    W55  (D1.5 0)      {N}
18-16   L66   #18-1    A82   +    W50  (D1.0 0)      {N}
18-17   L50   #18-1    A47   +    W50  (D1.0 0)      {N}
17-1    L54   #T1      A3    S180 W80  (D1.0 0)      {N}
16-1    L63   #T1      A9    S290 W80  (D1.2 0)      {N}
15-1    L98   #T1      A37   S240 W50  (D1.3 0)      {N}
14-1    L109  #T1      A43   S0   W80  (D1.3 0)      {N}
13-1    L134  #T1      A64   S150 W70  (D2.0 0)      {N}
12-1    L144  #T1      A70   S60  W75  (D1.8 0)      {N}
11-1    L154  #T1      A93   S255 W75  (D2.0 0)      {N}
10-1    L153  #T1      A105  S350 W65  (D2.2 0)      {N}
9-1     L162  #T1      A107  S160 W70  (D2.2 0)      {N}
8-1     L178  #T1      A117  S60  W60  (D2.4 0)      {N}
7-1     L215  #T1      A154  S120 W60  (D2.9 0)      {N}
6-1     L231  #T1      A156  S220 W55  (D3.1 0)      {N}
5-1     L224  #T1      A157  S280 W55  (D3.0 0)      {N}
4-1     L204  #T1      A158  S340 W50  (D2.8 0)      {N}
3-1     L222  #T1      A162  S190 W50  (D3.2 0)      {N}
2-1     L221  #T1      A163  S30  W45  (D3.0 0)      {N}
1-1     L218  #T1      A165  S105 W50  (D3.0 0)      {N}
                       


http://www.uni-forst.gwdg.de/~wkurth/cb/html/workshop07/ws07_derer.pdf
http://www.uni-forst.gwdg.de/~wkurth/dtd_code.pdf
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Simple File export

= Example: Gallery/Technics/print_in_file2.gsz

import java.io.*;
PrintWriter tmpfile;

protected void init () {

// create the file

tmpfile = new PrintWriter(new FileWriter(”/home/../outl.csv”));
[ Axiom ==> A(1);

OCONOUTARWNE
[

11| public void run () [
12| al:A(x) ==> F(x) [RU(30) RH(90) a2:A(x*0.8)] [RU(-30) RH(90) a3:A(x*0.8)]

14 tmpfile.println(”” + al.len + ” " + a2.len + " ” + a3.len)
15 //write data to the file

16 tmpfile.flush();

171 %

18| ]

20| // close the file

21| public void end(){

22| tmpfile.close();
}
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Objects

Available primitives objects, NURBS, Polygonals and LightNodes

File Edit

Panels Net Help OpenGrolMP
ﬁlnsert File

Sphere
NURBS I Supershape s e
Box
Cylinder
Cone
Frustum
Parallelogram

Polygonal »
Scene Objects ¥

Text Label
Point Cloud
Instance
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Tropism Nodes

» growth in response to an environmental stimulus
» Commands: RD, RP, RN
> e.g. Phototropism: Shoots bends towards a light source

Sphere sun = new Sphere(0.25). (setShader(YELLOW),
setTransform(5,0,5));

public void run () [ ’
top bud ==> RN(sun, 0.2) F(0.2) top bud;
]

NoupbhWN [

Point-Tropism(point/direction, power)
Heliotropism

Michael Henke - GroIMP Prague, 16.09.2013 22/55
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Algorithm Switch Shader

Allows us to define tow
different textures for an object.
‘ One is used by the light

model (raytracer) and defines the
optical properties of the object
for light absorption, reflection
etc., the second one is used

for visualisation in the 3D view.

i Shader leafTexture = shader(”leaf”); i

| Phong leafShader = new Phong(). ( |

| setDiffuse(new RGBColor(reflectance, reflectance, reflectance)), |

\ setDiffuseTransparency(new RGBColor(transmittance,transmittance, |
transmittance)));

~Nowu;m A WN =

‘ leaf.setShader(new AlgorithmSwitchShader(leafTexture , leafShader)); ‘

Michael Henke - GroIMP Prague, 16.09.2013 23/55
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Billboard generator

Integrated tool to generate billboards.

e

(Hemmerling 2010)

Michael Henke - GroIMP Prague, 16.09.2013 24 /55
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Intersection avoidance mechanism

The class Avoidlntersection uses rays and intersection tests to obtain a
new direction for growth.

= Example: Gallery/Technics/smart_line.gsz
Michael Henke - GroIMP Prague, 16.09.2013 25/55
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Undo

Undo derivation steps.

¢ Model [Modi’ied] - GrolMP [ufobip]
File Edit Obijg

s Panels Net ﬂelp|QpenGr0IMP

@ Help

Function Browser R

............................................ API Documentation .

|/ = View |/ [ ] jEdit - Model.rgg (r Open Grogra.de ditor
Open GrolMP Wiki

Or inside XL code: use

Check for Updates
the undo() command.

About GrolMP

A helpful tool, e.g., when you search for certain criteria of your model. After
each step you can check you structure against you conditions. If they are not
fulfilled, undo the last step, change you parameters and try again.
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Support

Chart demo

Horizontal Bar

s 11 e
NG y

= Example: Gallery/Technics/ChartsDemo?2.gsz
Michael Henke - GroIMP

Histogram XY-Line

Prague, 16.09.2013
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http://wwwuser.gwdg.de/~groimp/grogra.de/gallery/Technics/ChartsDemo2.html

GroIMP
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'G
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Features

[e]e] o)

Examples

(o]

Support

Chart demo

Scatter

Waterfall

=

| Eile Edit search Markers Folding view

HE@oH &8 Ar+a0

[Btiava roject:/chartsbemo2i71n

[CJjEdit - tjava (moditied) | [ Attribute Edit

Magros Plugins Help

EHEE O & @

Tcanst Latasetret ay =
slprotected void init O |
s

25|public void run O (
36| cicylindor == c.

ellengthl := randon(0.5. 1.5
=)
2

= Example: Gallery/Technics/ChartsDemo2.gsz

Michael Henke - GroIMP

a

3" aychartrrsTo.cloar().cotcotummey (0, "vatuo")
o Znt col. double min, double max

| ayChartHISTo. setrictograngine (0, 0.

o chart(aycnartisto. HsTogRam)

a3

12| axion ==> Cylinder:

a1

yChartHISTO, 3ddRou ()., (st (0, cllength])):
»

Prague, 16.09.2013

27/55


http://wwwuser.gwdg.de/~groimp/grogra.de/gallery/Technics/ChartsDemo2.html
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Analysis Functions

» Usable for all on XL-based structures, e.g. RGG-models, models
from DTD/LSY/SSY-files

» Export interfaces:
* txt, * html, *.xml, *.csv, *.xls, *.pdf

» Functions based on the Grogra analysis functions

» Some analysis functions give a list for further processing
e.g. number of daughter shoots, shoots branching positions,
length and angles, ...

» It‘s a small overview of the analysis functions:

» Current 16 analysis functions
» Topological & distribution analysis, analysis ...

Michael Henke - GroIMP Prague, 16.09.2013 28/55
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» Usable for all on XL-based structures, e.g. RGG-models, models
from DTD/LSY/SSY-files
[+ view | GROGRA Functions |
data Analysis
# shoot-D diameter av.length max.length | no. of longe...| length sum | volume sum nsum order
1 6 0.10000000...|3.36159920. .. |3.36159992... 216 15.8096027...0.12416827...|0.0 0
2 20 0.10000000...|2.36159992...|2.36155992... 216 7.40479808...0.05815715.../0.0 1
3 48 0.10000000...|1.56158596...[1.56155996... 216 3.30240011...|0.02553688...0.0 H
4 104 0.10000000...|0.82158592...|0.52155992... 216 1.33115988...0.01045522...0.0 3
B 216 0.10000000...|0.40959595. . |0.40959995... 216 0.40959985...|0.00221699...0.0 4
6 209 0.10000000...|0.40959995. . [0.40959995... 209 0.40959995...0.00321699.../0.0 4
7 57 0.10000000...|0.92159992...|0.92159992... 202 1.33119988.../0.01045522...0.0 El
Bl 202 0.10000000...|0.40958595. . |0.40855995... 202 0.40955985...|0.00321685.../0.0 4
El 195 0.10000000...|0.40858595. . |0.40855995... 155 0.40955985...|0.00321685...0.0 4
10 41 0.10000000...|1.56159596...|1.56159995... 188 3.30240011...|0.02593698... 0.0 2
11 90 0.10000000.../0.92159992...[0.92159992... 188 1.33119988.../0.01045522...[0.0 3
12 188 0.10000000...|0.40959995...|0.40959995... 188 0.40959995...|0.00321699...0.0 4
3 181 0.10000000...[0.40559855...|0.40858 81 0.40955985...|0.00321685.../0.0 4
EE 0.10000000. 9952.../0.92158 74 1.3311 ...[0.01045 0.0 3
174 0.10000000. 9995...[0.40959995... 174 0.40958995...0.00221699...0.0 4
167 0.10000000...[0.40959995...[0.40959995... [L67 0.40959995...0.00321699...0.0 4
17 13 0.10000000...|2.36159992...|2.36159992... 160 7.40479808...|0.05815715...0.0 1
18 34 0.10000000...|1.56159996...[1.56155996... 160 3.30240011...|0.02593688...0.0 2
19 76 0.10000000.../0.82158592...[0.52155992... 160 1.33115988.../0.01045522...0.0 3
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Multilingual user interface

(= Model [2(#] - GrolMP [ufobip]
3f(F) | %% () ¥R &R (B) F% (M) #M(H) OpenGrolMP
[l w3
& Wi Strg-0 RGG T§
TIFRRFR) y GreentabX® | .o
RGG $58 : :
BAflE English, Chinese
@ % (© Strg-W
[ 8% (5 Strg+Umschatt-S
EE:L 10N
@R (0 Strg-Q
L o
g <]
Q
83
'M v
58
2 &b

Slovak, French, German
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Batch mode

Run GroIMP headless to realise repetitive simulations like automated
scenario test.

1[ java -cp ... de.grogra.pf.boot.Main --project-tree --headless Model.gsz

= Examples: Gallery/Technics/renderHeadlessDemo?2.gsz
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http://wwwuser.gwdg.de/~groimp/grogra.de/gallery/Technics/renderHeadlessDemo2.html
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Virtual Laser Scanner

Produced point clouds

715 529

— Etard 2011: Virtual Laser Scanner for GroIMP
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http://wwwuser.gwdg.de/~groimp/grogra.de/documentation/laserScannerDoc.pdf
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Physics Engine

Robotropism: Distributed Control of Plant
Control of the spatial shape of plants through small artificial
controllers attached to the plan.

— Masters 2010:

http://www.uni- forst.gwdg.de/~rhemmer/workshop/XL10/Robotropism_v1.pdf
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Open-GroIMP Specification

HTTP server: The Open-GroIMP plugin allows to call GroIMP from
other applications via the network.

Server

“Tient

http://wwwuser.gwdg.de/~groimp/grogra.de/documentation/Specification. txt
http://wwwuser.gwdg.de/~groimp/grogra.de/documentation/Description.txt
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Integrated Light Model

» External raytracer (POV-Ray)
» Built-in raytracer (Twilight) & stochastical pathtracer; HDR

» High performance light model (GPU Flux)
for pathtracer, bidirectional pathtracer and spectral rendering

. N

Supports full spectral
rendering (van Antwerpen
2011)
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Different Light Sources

Direct and indirect light sources

Light nodes: point-, spot light

Sky object (SunSkyLight shader based on Sunflow)
Individually defined light sources: SON-T, LED
Specific light spectrum

vV vy VY y

== Buck-Sorlin et al. 2010: Modelling of spatial light distribution in the
greenhouse: Description of the model.
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Sun model

winter » input: latitude, day of year,
time of day [h]

» simulation of direct sunlight as
a directional light source

Day 70 spring (parallel rays), which changes

position, thereby adjusting

direction

I

» simulation of diffuse skylight
with sky object (Preetham et al. 1999)

summer

—> Buck-Sorlin et al. PMA09: Modelling of spatial light distribution in the greenhouse:

Descrintion of the model.
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GreenLab/XL model

& GreenlabModel - GrolMP.

Edit Objects Panels Net Help OpenGrolMP

[resct st un ranren]

Tt - Groenl abModslrgy | [ Ariut Edtor | Green ab Parameters

Resetto Defau_|

| mport Parameters || Export Parameters

= View

View Camera Fit RenderView 3

435 % 344

Shaders

5659178550115
2320054620312
3483291952792

0097569310935

Male: 5.09810143773645

Layex: 0.0

1851. 5551109111523

Glabal | Topology | Growth | Geometry | Emvronment | B

H*rh logical A 33 |

Compute Physiology.

I«

I I D

Parameter Description
Chronological Age (W)

Type : integer
Range : [1, 100]
Unit : growen cyele
D [0 [aoD [oR [ LA [ LAl |E | @ Messages |
Growth rate

50

blade — pefiole — internode_female —male  layer — root — total

Michael Henke - GroIMP
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Main attention / Features of the GreenLab/XL model

v

GUI aided input method for parameter input

v

Make it “user save”

» Control of inputs (general)
» Number fields
» Choice boxes
» Check boxes

» Check input ranges

» Deactivate not used fields

» Measurement units

v

Description window (parameter description, type, unit, range)

v

Provide im- and export of GreenLab parameter files (“sci”
Support AMAPSymbol files (“smb’) for shape objects
Support of textures

v

v

Michael Henke - GroIMP Prague, 16.09.2013 38/55
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Cut-rose FSPM

(Buck-Sorlin et al. 2009, 2011)

Michael Henke - GroIMP Prague, 16.09.2013 39/55
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Soil / Root FSPM

(Henke, Sarlikioti, Pages, Buck-Sorlin, Kurth; unpubl.)
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Temperature sensitive rapeseed FSPM

(Tian, Wu, Henke, Zhou, Buck-Sorlin; unpubl.)

Three different temperature regimes are applied to young rapeseed
plants in a simulated climate chamber.
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Rice, barley breeder, wheat FSPMs

(rice: Xu et al. 2011, barley: Buck-Sorlin et al. 2005, wheat: Evers
etal. 2010)
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Arabidopsis, rapeseed, tomato FSPMs

(Arabidopsis: Evers et al. 2011, rapeseed: Groer ef al. 2007, tomato: Buck-Sorlin ef al. unpubl.)
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Modelling Park Landscapes

(Rogge & Moschner 2007, fiir Stiftung Branitzer Park, Cottbus.)
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Tree competition (spruce and beech FSPMs)

(Hemmerling et al. 2008)
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Where to find Help?
» GroIMP Project Page:
grogra.de &
» GroIMP Wiki page:
http://sourceforge.net/apps/mediawiki/groimp/index.php?title=Main_Page
*  Model - GrolMP
File Edit Objects Panels Net |Help| OpenGrolMP
@ Hel
) o = View Opend d
‘View Camera Fit Renderviev%m
» E-Mail: info(at)grogra.de
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Support

Where to find Help?

» Lectures:
Struktur-Funktions-Modelle auf 6kophysiologischer Basis
(german)

v

Video tutorial:
coming soon (english & german)

v

Courses and tutorials:
Step by step models

v

Example Gallery:
At grogra.de

v

Literature:
Publications W.Kurth
Publications grogra.de

Michael Henke - GroIMP Prague, 16.09.2013
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Where to find Help?

» General XL:
List of turtle commands (german)
Overview of XL syntax (german)

> Dissertations:
Kniemeyer, 2008
Hemmerling, 2012

» Master and bachelor thesis:
Selected students’ theses
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http://wwwuser.gwdg.de/~groimp/grogra.de/documentation/xl_turtle.pdf
http://wwwuser.gwdg.de/~groimp/grogra.de/documentation/xlsyntax01.pdf
http://opus.kobv.de/btu/volltexte/2009/593/pdf/thesis.pdf
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GrolMP API

Overview over the whole code of GroIMP

AllClasses

Packages.
a

Overview Package [SFTTY Tree Index Help

pev ciass nexrcusss rames o
SUMMARY NESTED FELo | ConsTR | uEmin peTAL LD | co

‘de.groora bilboard
de.grogra bilboard.vrm
blocks

arogra blocks arrangeBlock
arogra blocks functionParser
block:

de.grogra.pt.io

Class PropertyFileReader

java. Lang.cbjoct
La i

de.grogra.chem
de.grograexteplg

public class PropertyFileReader
Extends java. lang.Object

rojectt oader
roperty

Constructor Summary

1 )

ropertyEdior

Tang.String file_nane)

Method Summary

ropertyFieReader
ropertyQueue

Tang.String prop
Returns the specified property as boolean value.

o astDauble java.Lang.tring propertystring)
Returns the specified property as double value.

U prope g
Returns the specified property as array of double values.

Tang String prop o
Returns the specified property as float value.

Ei

tProg

pe=s 7 pron:
Returns the speclﬁed property as array of float values.

st
QuenState Break

Michael Henke - GroIMP

T qetimtArray Gava. ang.
ehirns the specifid property as a array of iteger values.

[ astmeger et Striv propertysiriog
Returns the specified property as integer value.

E Eu..mmma,amgm =)
Returns the number of read properties.

Tovm T st getString Java. lang String propertysiring)
Returns the specified property as string value.

et Load

Loading of a property file.

Prague, 16.09.2013
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GroIMP Example Gallery

Included as ”Show Examples” or on the net with nearly 400 examples.

Qe @-wi-

grogra.de

O-m -
oz

5
£
i
a

=
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GroIMP Command Observer

Overview and
list()
list("key”)
help("key”)

description of GroIMP commands via XL Console
lists all available commands
lists all available commands starting with the specific key
prints out the help of the command starting with the specific key

@ Messages | MIXL Console |

> lst0)

sllovninjectivanatchassyoetautt
allowtoninjectivetite

Pl aPLyUnTE Finiched  suisparent
booleanvalue bytevalue

) chart chartae clondtde clonesubarap
o

t defer  derive  descendants
sirectionathron diesince ttncesasiend 8
distribution doubleVelue
€

nddirection dlocation of
iportarapTorie

exportavscane extent
H

file  filter  flostvalue function
G
getConponentGraph _ getGraphsize o
getTineForTraversingGraph  graph  graphstate
H
height  hide
1
nclinstion interpretiv
intialue irandon  sshacestoris

inag
sntersectionLength
L

Teaf  Tocation location lognormsl 1
"

ancestor _ancestor angle

angle

@ Messages | @ XL Console |

= list("d")
dataset  defer derive descendants direction direction
directionalTropism distance distanceSquared distanceToline
distribution doublevalue
= help("derive”)
Name:

void derive()

retive|| Description:

This method induces & ., em. transformation boundary. sem, on the current RGG
extent (see the XL Language Specification). This means that all pending graph

moRenderedtnoge | mekeenderecinoge  ng
sakeRendaredtange  sikommanshes v, | modifications are, applied to the graph.
o >
W
nenedode nev@SVertices  normel g
o
abjectialue orthogonalTropsa
.
positiontErepise prirt  brint rine  print - print
i e, st brintin_pamtin brintn _printin_pranttn c
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GroIMP Function Browser

...or use the Function Browser

"= Function Browser

Search : |
Results Description
console |~|  |Name:
curve void derive()
dataset Description:
defer [ This method induces a . em,
derive transformation boundary, fem, on the
descendants =| |current RGG extent (see the XL Language
direction Specification). This means that all pending
direction [T ' |graph modifications are, applied to the
directionalTropism graph.
distance

distanceSquared
distanceToLine

distribution ® Model [Modified] - GrolMP [ufobip]

doublevalue . . .

enddirection File Edit Objects Panels Net |Help ‘ OpenGrolMP
endlocation o
export3DScene B ruil @ Help .

export3DScene [=] Function Browser &
;‘:T‘e"t z -] APl Documentation
ile

filter Edit - Model.rgg (1 Open Grogra.de
floatvalue o
function Open GrolMP Wiki
getGraphsize = Check for Updates
getMesh -

< L [ D] About GrolMP
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The Developer Team

Contact

Katarina Smolenova
Michael Henke
Yongzhi Ong

Winfried Kurth

Michael Henke - GroIMP

ksmolen@uni-goettingen.de
mhenke@uni-goettingen.de

yong@gwdg.de

wk@informatik.uni-goettingen.de

Prague, 16.09.2013
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Invitation and Call for Papers

International Summer School
“Modelling of Ecosystems by Tools from Computer Science”
combined with the 6th GroIMP user and developer meeting and with a workshop

“Functional-structural plant models in XL”

Date: 16 — 20 September 2013

Start: 16 Sept., 9:00 h
End: 20 Sept., ca. 16:00 h
Workshop: 17 Sept., 14—-17 h

GroIMP user and developer meeting: 17 Sept., 17— 18 h

Location:

Czech University of Life Sciences (CULS / CZU), Faculty of Forestry and
Wood Sciences, Praha-Suchdol,Prague, Czech Republic

WWWwW:
http://www.uni-forst.gwdg.de/~wkurth/ssc _prague.pdf
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Thank you for your attention!

www.grogra.de

(& G
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