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il C:\Program Files\AWE 20\Library\Grenhous. odb<Tutorial .. [IlJ[=] B3

ANCESTORS 4]

Tools "grenhous.odb<BaseiTools>"|

CONSTRUCTOR
END
MEMBER DrawLine IS
ALWAYS
Scale
radial = width,
axial = length;

STUMP tension = 0;
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New Features in Version 20

NEW FEATURES I N VERSICN 2.0

Synt ax ext ensi on

Tar gt

L-Qy ect s can now cont ain end-1ine cooment s in the C+ style.  Suich com
nent s¢ art wth dode slash "//" and stop a the end of the line

Exanpl e:

Redwood age = 2000; //this is an end-line conment

Al thetext inside end-line coment isigwored. The only exception is a pseudo-
conment wth taget drective

Drective

/ITARGET=RT_PLANT
/ITARGET=PLANT

Regular plant sinthe AVB 1.0 styl e and tine-dependent (evol ving) plants can
be created using L-(ject s The defalt isaregda pat. To nake eval ving
pats, load L-Qyect code intothe editor, axd pace thet arget specification
drective // TARGET=RT_PLANT a the very beginning of the L-Qyject code on a
sepaaelire The drective //TARGET=PLANT wll gve the sane ef fect as no
dredivea dl, i.e agaicpat wll be generated

For evdving plant's, conpiling the code wil create a specia ogject that keeps a
copy of the L-Oyect code in nenory and rebuilds the plant for each new frane.
The appearance and behavior of this tine dependent object does not dif fer from
thet o aregda pat. The only exception is that nanual changes to plant
geonetry nade by the local plant nanipulator wll be lost each tine the frane
changes. Wnd, on the ather hand, works wth evaving plant s

Note: See the description of the pseudo-constant _T used to access the
current frane nunber fromL-Chject code.

Warning: Wile naking a plant evolve in tine you nust pay specia atten-
tionto naterial s since they are | oaded only once: after the plant was
generated fromL-Qpject code the very first tine. |If on different
g ages of evolution the plant uses different set of naterias, you
nust force the L-(hjects interpreter to load al of themregard ess of
the frame nunber. To inplenent this, use the followng trick:

L-Systens New Features in Version 20 227

o



CHAP_7C. QXD 6/5/2003 10:18 PM Page 228 $

L- Systens

Declare a non-Terminal , such as RegisterA |l Mterials in the MBV
BES section. Define it as fol | ows:

MEMBERS
RegisterAl Mterids;

MEMBER RgsterAlMterids IS
ALWAYS
MATERI AL file="ny nateria s. odd",
resour ce="sanpl e1";
MATERI AL file='ny nateria s. odd",
resour ce="sanpl e2";

//dae here refereces to d | materid s usad /linthe
pat
END
END

Gl RgisterAlMterials a the very beginning of the constructor. It isdso
good to call RgsterAlMierids for inherited djects, not just to copy code.
Thi s keeps everything autonatical |y consistent.

The practice wth registering naterials is aso usefu for naking severd plats
of the sane kind, which nevertheless use dif ferent set of naterids. Wth nate-
ridsregstraian dl dats of this kind wll have the sane nateria s set and can
be used inthe Area Edlitor altogether.

Ref erences to o ect dat a- bases

Worl d Buil der can store and access L-Qyject s and their conponent s in dject
Gt a bases. In paticda, @Bfiles can store L-Qyjects, and pats of L-Qyect s
aspantext, aswvel as Fuctios defined by their gdat. Asonaterids in
libraries can be accessed fromL-(yjects This neans that you can inherit L-
oj ect s fromdat abases and easily access themrelying on their graphical repre-
sent ation by icons rather then on their nanes.

In order to suyppart this newfeature, the syt ax of string const at' s was extend-
ed

Inheriting dyect s located in odb
Inthe section ANCESTORS you can specify a path nane to .L files wth the
ancestor code; or a path tothe dyect da abase acconpanied by the conpl ete
pahinside the dat abase. The conbi ned pathis are string const at. The pah
i nside det abase is encl osed by angul ar bracket s and delinmnted by "\" characters:

"path to_odb il e<path i nsi de_odb>"
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The library Roat node is nat included inthe inside-library pah Inlibraies the
pahis case sesitive.  The pahtothefileit self can be reduced to just a nane,
if thefileis accessibe viaredrection (interrd Wxld Bil der pah).

Exanpl e:

ANCESTORS
None "none. L",
Start U0 " grenhous. odb<Base\ Start Up>;

Inthe exanple, the dject Noneis inherited as inthe previous version.  The
object Startp0 is inherited using the new nethod whi ch uses a dat abase obj ect
located a "grenhous.odb'. The nane of the object inthe .Bis Statlpadit
resides in the Base section.

The MATERI AL Terminal now al so accept s an extended formof resource para-
neter. If trefileparaneter refers to an .odb file then the resource paraneter
nust specify the conplete pahimside the .@Bfile The resource pahinths
case should not cont ain angul ar bracket s

Exanpl e:
MATERI AL
file'"Genhaus. o',  //its location nust be on

//the red rection path
resour ce="Mit eri al s\ Bark\ BrownTruk0'; //mo angdar //bracket s here

The sang convention works for the | MPORT Termnd .

Newbui [ t-in functi ons

The six newhui lt-in fuctions for L-(ject s are: LI NEAR STEPR,
SMOOTH_STEP, PULSE STEP, MN MX

LI NEAR STER(a, b, X)

Rtums 0if x<a retuns 1if xoh, aherwse retuns (x-a)/(b-a).

a b
LINEAR_STEP(a,b,x)
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SMOOTH_STEP(a, b, x)

Sane as linear step, except it grovs fromOto 1 non linearly.

It is desigedto

nake the derivative continuous and to nake the curve snoother. Between a

adbit reuns t*t*(30-20), were t{x-8/(b-3):

a b
SMOOTH_STEP(a,b,x)

PUSH a, b, x)
Rtuns 0if x<aor xb;, otherwse returns 1

a b
PULSE(a,b,x)

STEA(a, X)
Rtuns 0if x<aad 1if x>=a

STEP(a,x)

MNa, b)
Returns the mninumof two val ues.

MAX(a, b)

Returns the naxi numof two val ues.

Predefined paraneter (pseudo-const ant) T

Avays equal s the current anination tine in Wrld Bilder. For exanple, at

frane 120 it iseqd to 120 adfoa fraeOit iseqd to0 Thevaueof Tis
used during building the plant, soif the L-(yject code uses _T, thentheresuts
ditsinepaaiomwll bedffeeat fa df ferent anination franes. There can be

no user-defined (yject paraneters wth the nane _T.
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This paraneter is used for naking evolving plants  see the Rose exanple in
"grenhous. odb".

New Terminal s

FORCE
Smiates aforce applied to the Tutle The action o this Termrd is simla to
the actionof A Swth non-zero rot ations, since it aso changes ori ent aion o
the Tutle The dfferenceisthat A4 Srot aion paraneters are specified in the
curent locd coordnates of the Turtle, and for the FORE Terminal paraneters
aeinthe coodates of thepat. Aso AXSspecifies therot aioneqidtly by
ang e, but the FORE specifies sone "strength® wth which the Tutleisrd aed

Par anet er s:

fiddlype specifies vhat kind of coordinates are used for force defin -
tion Vaid values are O-cartesian coordinates (g ves uniformisatropic
focefidd), 1 cylindicd coordnates (gves axid symetric force fidd)
ad 2 sphericad coordnates (sphericaly symmetrical force fied).
Dfadt vdueis O

drX drY, drZ arethree coordnates of the force vectar in the chosen
coordnate system Defadt vdueis O

ais sdetsthe Tutleads & fected by the force. Vaid vaues are 0-X
1-Y, 2Z DOfadt vdweisO

strength  is the strength wth wich the Tutleisrd aed For higher va -
ues the selected axis tends to turn in the force direction closer and cl os-
g. Stingstreghto, say, 100000 wll nake the Turtle axis turn a nast
exactly inthe face drection Dfalt vdweis O
Exanple 1. Dowward directed Grtesian vector field similates gravity:

FORCE

fiddType=0, dirX0, dirY=0, dirZ -1, strength=l,

se this to simil ate branches saggi ng down.

Exanple 22 Add fidd gving cost at cl ockwse force wll twst/bend plat pats
around upward direction:

FORE //twsts plant couter clockwse around vertica /lais
fiddTypesl, drX0 dr¥e, drZ&Q strengt h=1,;

Exanple 3: Aface goiedto Y-axis will tunledf toface drection of the farce
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FORCE

fiddType=0, axis=l, dirX0, drY=0, drzl,
strengt h=1;
LEAE //here leaf wil besligtly tunedtonake its /lsurface face
upwar d
//The feature can be used together wth LIGT Termind //to sind ate the ef fet
o ligt smpats

PCS
A Terminal used to get infornation about the Tutle s locationin space and, con-
versdy, toset the newlocation of the Tutle

Paranet er s:

XY,z cartesian coordnates of the Tutleinfdat s coordinate system
ordinates do not have default val ues.

Snce the Termnal can be used to set and to get the position, the neaning of its
paraneters depends on the context. To get the position of the Tutle just use
PBx, RBy and RCBz as usual variables inthe right side pats o assign-
nents and in pred cates.

Exanpl e:

MEMBER Sanpl e(d PosUsage IS

IF (PG5 z>0) THEN //ask about currernt height of

/Itke Tutle location
STUMP length = R3B X, //use Tutle s X
//coordinate as stunp length

END
END
A'so you can use R3B5to set the newposition for the Tutle Ths Termna
does not change the Tutle aiet aim

Exanpl e:
RCB x=7, y=2, z=3; //noves the Tutletothe pant

(7,23
/[ dter that operation RCBy woul d return a val ue of 2

PLOT
Alows the use of functions specified by their free-hand drawn plat.  The func-
tion nust reside in sone object dat abase. Qeating and changing functions is
explained inthe next section

Par anet er s:
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nane uni que nane of the function object wth conpl ete pahtoit. The
nane nust obey rules of redirection and path conventi ons.

X specifies argunent of the function
y returs fuctionvdue @ curet x
Exanpl e 1:

MEMBER ShapeTruk 1S
ALWAY S
PLOT
nane="@Q enhous. odb<M ot s\ Sanpl eFunction>', //sel ect s function oy ect
x=hagt; //sasthe argunent tothe
/lcurent hei gt
Sae
radia = AQy, //etrats the val ue ad
/I sit totheradd scde
add =scde
STUWP;
END
END

Exanpl e 2:

PLOT //sd ect function o ect
nane=" Q& enhous. odb<P ot s\ Sanpl eFuncti on>";
/lonce the function is specified, you can set the //argunent and extract
vaueinacycdewthou re //setting the function nane
SEQUENCE i=1,100 OF
PLOT x=i; /lsa's the argunent
Dummy val ue = PLOTy
/1Bt be careful about // changi ng
PLOT. nane i nsi de Durmy!
END;

LI GHT
Provides L-(pject s wth infornation about lighting conditions a the current
Tutle position. It does not change either Light sources location or other para-
net ers.

Par anet er s:

nane is a case-sersitive string paraneter. It sded stheligt sarcein
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the scene by nane. For unaniiguous use, al light sources in the Sene
nust have uni que nanes. Zero values are returned for other paraneters
if thereis nolight source wth the specified nane in the Sere.

drX drY, dirZ three conponents of the unified vectar of direction from
the curent Tutle locaiontothe sdected ligt sowrce  The vector is pre-
sented in plant coordi nate system

red, green, blue conponents d theligt inexsity & the Tutle position
Shadow maps & fect these vaues. Thus LI GHT Ternminal can be used to
nodel the ef fect of enviroment on the plant evd ution patsd apat in
shadow w [l grow sl ower. The range of red, green, blue conponent sis
typicaly 01, honever for light sources wth intensity higher than 1,
these val ues can al so be higher 1

Exanpl e 1: The followng code queries LIGTT about its positioninader totun
the ledf totheligt.

LI GHT nane = "Light SourceQ'; //sdect light source It
//must be present in the Sene.
FORCE
fiddType = 0, //CGxrtesian coordi nates
/Imowturn the force vectar inthe drection of ligt
dirX = LIGI.drX
drY = LIGHL.drY,
drz=UGT.drZ
strength = 1,
ais=2 /ladgpy foacetothe Yaistotun
/Ithe led suface totheligt
HERM TLEAF,;

Exanpl e 2: Assuming that the light source has (r,gb) intemsity (1,1,1) check for
the shadow

// SoneFol i age is non-Ternminal for foliage which grows only //when not in shad-
ow
MEMBER SoneFol i age IS

IF (LIGHT.red =1) THEN //due to the assunption we can

/1 check only one conponent
DoSoneFol i age; // nake sone unconditional foliage

END

/[ldomthingif the Tutleisinshadow nofdiage
END

//to use SoneFoliage, you nust set LIGHT.nane to a

//spedfic ligt
LI GHT nane = "Li ght Source0";
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SoneFoliage; // LigtSourcel intensity is used inthe
/lpred cate here

Functi on o ect

The Function yect is aspecia library-resident ogect curently used only for L-
yects. It rgresats functions [0 2Jfi{0 1] in a graphical way. For arqu-
nents less than O, thevdue a O wll be returned, for argunent s greater than 1,
thevdue a 1wll beretured

Qeate a Function Qyject  procedure
1 enalibrary or nake a newone. Mke sure that you uncheck
"reed oly" if you are gpening a library. You can not edit |ibraries opened
for reed only. Intherigt pand o thelibrary pane, click the right nouse
button, and select "Geate yject s| Function" in the pop up nenu.

Anewicon wth question sign wll appear and you will be pronpted for a
nane of the new obj ect.

2 Type in the nane and doubl e-click the icon.

The properties part of the Properties Eitar will dspay three itens: lcon,
Aiinated Icon and Edit.

Warning: Do not use the Delete key while typing in the nane, since thisis
interpreted as a conmand for del eting the object froma dat abase.

3 Sedt EHit. Then press Eiit Poperties in the new property dial og.

A sub-node Function Hot wil appear under the Eiit property in the proper -
ty tree

|BiEat SEpIER Uit
futaly
Animated icon
Edit
Fuhction Plot

4. SHect Fuction Hat.

Anew property page wll appear. The green line here represent sthe pa
o defadt function y=x
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Function Aot
Property Page

8

Save F'iu:turﬂi-

dickirsice the gid area o the ddog

I nmedi atel y the function value at the place where you clicked wll change
and the newval ue wll be such that the plot wll go through nouse cursor.
Wi | e you nove nouse, function will change. Awpar o curet Xad Y
val ues is shown under the grid area, when the nouse is inside this area
Tostgedting dickaggnimsidethedadaog You can enter edit node and
exit it as nany tines as required

"Save picture" saves the picture to the file and the picture nay be used for
the fuction icon

Cick "Save RActue'.
The Save file dia og box wll appear.

Sect afileand press &K G to the Icon property page and click the
Load button. SHect afile you just saved

Anewicon wll be assigned to the fuxction oyect. Thisiconwll repace
defaul t icon wth question sign

To save editing, cick Store @yect inthe Eit page.

Programm ng Envi r onnent

Msinthe previoss version, dl editingof L-jectsis pefanedinated edtor
wi ndow. However, the new environnent of fers severd featues of visud pro-
granming, which sinplifies and speeds up plant design.
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Detothe dility tostore L-(jects in.odb files you have two possibl e vays to
$art a newL-Qpject.

Trad tiond nethod:
1 CQick AleNwad sdect L-@ject inthelist. CGick &
Awndowwth text edtor wll appear.

Note: You nust have up-to-date versions of two World Builder plug-ins
LSYSTEM BEM and PLN TERM BEM Both of them nust be | ocated
either inthe World Builder execut ables directory or at any |ocation
specified in redirection as the bemsection. |f you dont have these
plug-ins, thenthe list wth L-Qyject options wll not appear.

New odb- based net hod:

1 renanewor existing ogect dat abese for ned fication Intherigt pane
nake a right nouse click. Inthe context nenu sel ect Geate Qyect 9L-

Qj ect.

Anewicon wth question sign wil appear and you wll be pronpted for a
nene far it.

2 Type anane for the newobject. Uhder this nane the object can be found
and referenced inthe library. (Hwever the L-(yject itsdf canhave adf -
ferent nane.) Double click theicon. Inthe RFoperty Tree of the Properties
Eitor sdect the Eit Roperty. It wil dspay a newRoperty page. PRress
the Eit Properties button on this page.

Anewwndowwth text *OBJECT None END" wll gypear. You can add a
newicon the dyect inthe st andard way.

Despite the fact that this way seens to be longer, it hes cart ai n advant ages.
Frst, dl L-Qject s related to an application can be placed in one dat abase
along wth naterials and other 3Dstuf f. Second, you can supply themwth

i cons, which hel ps to speed searching for arequired oyject. Last, but not |east,
you can inherit ojects fromthe agject dat abase by a sinpl e drag-and-drop pro-
cedure into the L-(yject s edtar.

Rgt a ter opening of the L-Qyect editor wndowthere wil be an edtraitemin
the top dropdown nenu. The itemis called L-Qyjects and cont ans the fdlow
ing coomands: Qeate L-Qpjects tenplate, Expand nane, and Gonpile L-

@y ect.

Mking an object tenplate  procedure

Qce the L-(yect editor wndowis open, you can place there a tenplate for a
new L-Qyj ect definition
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1 RessQrl Twiileinthe L-Qyect editor wndow.

Anewtext wth basic sections of L-Qyect definition wll appear. You can
undo this operation by pressing Al t-+Backspace.

Qonpi | ing L-Qj ect s

The conpi |l ation conmand w il save al| L-(pject docunent s currently loaded in
al editor wndows (unlike in version 1.0, were you had to save each w ndow

nanually). Ater that acompiler wil beinvoked If there are no syt ax errars, a
plat o evdving plant wil be created and placed into the scere.

Note: An evolving plant keepsits own copy of the L-Chbject definition, but
it does not have copies of inherited or inported L-Chjects

If the dfintion o L-Qyect cotans syntax errors, then a nessage wll be dis-
paed The L-Chject docunent wth an error will be loaded if not a ready

| oaded by the user and the highight will be placed a the error.  Messages on
Syt ax errors renain the sane as in previous version.

Anew error nessage was added:
"fileis mt |-systemi
This neans that referenced file or dat abese dgject isnat avdid L-Qject. The

nost frequent reason of this nessage is wong redirection settings. The next
frequent reason is that the referenced file or oyect does not exist.

Expand Nane

Sone of words or their pats can be used inthe editor to speed up entering
code. SHect thevard or itspat ad press Grl E If there is no expansion for
the selection, the nessage wll appear instead of the sel ection:

<The selectionis not extendible. Rress At+Bksp for undo.>
Press At Backspace for undo.
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Words and pat s that can be expanded are the fd |l owng.

PnActQerint Pirctiira

Sone Termrd s support visud edting If the Ternminal support s visud edting
then & ter pressing Grl Eonthe selection cotanng the Termina nane or its
dilreviation specifiedinatable, there wll appear a previewwndow and a new
page in the Froperties Eitor. The previewwndoww || display a plant el enent
corresponding to the Termrd.  You can ad ust projection and resd ution of the
previ ew w ndow.

For ALL Terminal the property page wil cot an Termind paraneters:

L-Systens New Features in Version 20 23*
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Rl Type Property Fill type:  [Pine Meedles =
Page
randorm seed |48354?24
length 1 -
angle [155 =
denzity | >
tenzior 1 .
Finizh and place data'into dlipboard!
Ay changes in paraneters will be at once displayed in the previ ew w ndow.
You can easy adj ust paraneters by using spinners or typing in new val ues.
Dal og paraneters has the sane names and neaning as HLL Termnal par ane-
tes Ater finishingedting press "Fnish ad pace dat aintodipwad”. The
text inthe edtor Wil be udated Instead of the previous sdection there wil be
pasted a text fromthe right coum of the table wth new paraneters val ues.
The sane procedure works for HERM TLEAF Terminal. Wien you press Qrl E
onoed theleft colum entries for HERMTLEAF Terminal, the previ ewwn-
dowwth sanple leaf wll appear and the property page wll cotantheddog
Hermit Leaf Leaf top corrdinates i
Property Page Tx |1 ::jj it i[l ﬁ
[ Rt Top
ok 11 it S
120 = {7 = |
T
[ Wi I'I ::jj [ Wb ;-1 ﬁ
?'W'u:uz 41 ::jj |tz "I ﬁ [

Finizh and place data into clipboard]

As inthe case of ALL Termna, the daog cot ains fields of HERM TLEAF
Terminal and al | ows you to change themwhile viewng the | eaf updated in the
preview w ndow. The "F nish and place dat ainto clipboard' button a so finishes
editing and places text wth newparaneters into the L-Qyject code.
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If you nove the nouse/ keyboard focus to sone other object in the Scene while
using one of these two diaogs, it wll dsappear since the newsel ected o ect
wil dsdayits omn Property Page.  You can return to the editor wndow (click on
istoptopreserve sdection) and press Qrl Eagan. The daog wth Terninal
paaneters wil return

A'so you can select an existing Termnal (HLL or HERMTLEAF) and cal | visual
edtigfa it. Odparaneters in the selection will be replaced by new

Drag and drop
Aother festure that adds to the visual aspect of L-C(jects progranming is
drag and drop support. There are two types of itens that can be
dragged and dropped: L-Qpject and L-(bj ect Conponent .

Both itens can be crested directly at the ogject dat abese. Qick rigt button at
therigt pane and select Geate hjects nenu item Bit typicdly these itens
represent reusabl e pats of L-(yject s code ad are crested intidly inthe edtor
Wi ndow.

L-yect Thsistedt cotanngasytaticdlyvdidddfintiond anL-
Oy ect. It nust have the key wvord OBJECT and the key word END. Ate
selecting text that neet s these requirenents, you can drag and drop it
inothe dyject dat abase. (The library nust be open for nodification.)
The L-Qyect itemis used for inheriting djects Todit inothe edtar
you need to have in the editor sone L-(j ect definition wth an ANCES-
TORS section aready present.  The reference to the library dgect is
placed ino the ANCESTORS section & ter dropping, so the curent
dject wil inherit the dject fromthe det abase. Mking a plant that just
irngits sone basic features fromthe library object s wil be very easy
wth this drag-and-drop support.

L-QOp ect conponent In the drag and drop context this is just a fragnent of
L-Qyject code. It does not have to contain aconplete L-(yject defintion. This
piece of code can be selected, placed into the library and later dropped back
inothe edta. For exanpl e, grenhous.odb cont ains sone useful pieces of
code inthe Termna s section.

L-Systens New Features in Version 20 241

o



CHAP_7C. QXD 6/5/2003 10:19 PM Page 242 $

242

L- Systens

MAKI NG PLANTS | N WORLD BUI LDER

This section explains howto nake plants in Wrld Bilder. The process of
naki ng plant s | ooks very nuch like progranming. It is not assuned that you
have any progranming experience, though such experience can definitely hel p.

We introduce the concept s of L-Qyect s¢ arting froma sinpl e version of

LA styl e 2D graphi cs and then noving up to the object-oriented version of
L-Systens, called L-Qyjects. In theory you do not need any other books on the
subject to underst and L-Systens. Thereis alist of references a the end of the
chapter which can hel p you during your work with L-Qyjects in Wrld Bil der.

As already nentioned, L-(pjects are an object oriented version of L-Systens.
L-systens are a very powerful tool for nathenatical nodeling and conputer
gahics. Awng the najor applications of L-systens are st atic nodels of
pats ad other ohjects (see references 1,2, & 3) along wth dynanic nodel s of
devel opnent (see reference 4).

L-systens are already wdely used in Gonputer Gaphics. Sone exanpl es are
conmercial plug-ins for 3D Studio and sone public domain products. Despite
this L-Systens renain a too nainly for conputer science professionas.  The
reasons becone obvious if we conpare the evol ution of L-systens design wth
conventional progranm ng.

The evol ution of progranming | anguages st arted wth very technical and com
pl ex | owlevel |anguages whi ch evol ved into nore underst andabl e and conpre-
hensi ve high-level |anguages. Recently, visua and object oriented | anguages
have been repl acing the procedura |anguages for nany applications. The nod-
ern era of L-systens seens to correspond to the procedural era in program
mng According to the logic of this evd ution, we can expect the appearance of
obj ect-oriented and visual progranming techni ques for L-systens which wil
sinplify the nodel i ng process.

The current inpl enent ation of L-Systens in World Biil der corresponds to the
beg ming of the dyect-oriented stage The nain goal was to devel op a pro-
gramm ng paradigmfor codi ng L-systens whi ch support s nodul arity and i ncor -
porates the advant ages of inheritance. Both of these newfeatures are ained at
i ncrenent a design and code reusability.

Keeping these ains in mnd, we extensively used Gtccam s razor to nini nhze
the nuniber of new notions added to L-systens. This resutedin quite a snall
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programming | anguage called L-Qpjects. It hasasinpe syt ax and is nore
readabl e then nast of its predecessors.

This section is organized as fdlonws. Wed at wth abrief inroduction to L-sys-
tens. W introduce sone non-classical features, which evolves into the obect-
oriented version of L-Systens. W illustrate the dscussion wth a set of exam
des Thelast sectionis devoted to the L-(yject s programming envi ronnent

and describes howthis is inplenented in the current version of Wrld Bilder.

The best vay to read this sectionis tostat wthabrief look a exanples inthe
Exanpl e 2D Turtle Gaphics and L-(yj ect s section. Exanpl es present in the
text are aso aned to help you in underst andi ng what are soneti nes rat her
abstract notions.

L-systens and L-obj ect s

L-systens are a nathenatical nodel ing tool proposed by A Li ndennayer in
1968 A conprehensi ve introduction to classical L-systens can be found in
works by P Pusinkiewcz (see references 1 &2). For det ail ed di scussi on see
reference 3. Here ve briefly present only the key concept s inacoted sutabe
for further d scussion

L-systens are closely related to turtle graphics and generative granmars.

Turtl e graphics Lamstyle graphics
LA is a language that produces graphics froma sinple set of commands
tha nove a pen or tutle around on the screen. A LADstyle tutleis atod
for drawng on a plane. It responds to conmands |ike nove forvard and draw

line segnent or turnright by ange 90 degrees etc.

Between execution of two sequential conmands the turtle preserves itssde A
dae o thetutleindudes Grtesian coordnates of the tutle s position ad the
headng ange - thedrectioninvhichthe tutleis facing W cancdl thetutle
agahicsinepeter o just aninterpreter.

Wsual |y coomands are represented by synbols. For exanpl e, we can denote
line drawng by the synbol F and the turn conmand by the synbol R. A
sequence of conmands (a program corresponds to a word using this al phabet.

Exanple 1 : Thetutleinepre ation of the word FRFRRF- is a square (see fig-
ue l).
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Resutsd tutle ¥ y
R F R
command:
FRFRFRF
F F
F T
"y
We add two new syniool s to the input al phabet of the turtle [and ]. The sym
kd [ nakes the turtle push the current state onto a pushdown st adk  The right
bracket ] nakes the turtle pop a st ae fromthe st ack and nake it the current
$ded thetutle
Eape2: If intidly thetutle vas headed dong axis Y and vas | ocated at
(00 thenthetutleinepe ation of the vord FRHRR-is a T shape (see
figre 2.
The resut of the r
word: FFR F] RRF A E
2
1

We can assenfl e valid input words for the turtle if we use the fdlowng tvo
rdes:

e There is a one-to-one correspondence between left and rigt bracket s
This neans that bracket s al ways cone in pars

e Each bracket [ appears in the word before the correspondi ng bracket |
You nust store the st ate wth a push before you can restore it wth a pop.

The depth of bracket enfedding is not constrained. You can have as nany |ev-
ds o bracket s as you need.

A gereral i zed version of the turtle wth structures nodel ed by words consi sting
of turtle coomands is used in Wxld Bilder for nadding trees. A nat henati cal
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treeis a graph (a set of nodes connected by edges) wthout cycles. Grcles are
connections that produce circul ar references vhere the connections between
nodes Wil never refer back to a previous node. Wirds of commands with
bracket s can be used for building tree-like structures because the space of vdid
words can be napped onto the space of nathenatical trees in anatura wvay.
(You can inagine a nathenatical tree as a tree where you do not care about
geonetry of its branches. The only concernis the layout of forks.)

We can build an abstract nathenatical tree corresponding to a valid word usi ng
the fdlowng sinpl e procedure.

1 Wegat fronanode cdled root.

2 Wilepasing the vord wframleft toright we add a newedge line for each
syhd if itism [a ] We attribute to the edge the correspond ng sym
bd. Thus each edge is narket by a syniol .

3 For each bracket [we generate a the current node a branch point. The
subword between [ and corresponding ] defines a subtree wthitsrod a
the branch point.

This procedure defines an abstract tree because it does not specify orient aion
length and other paraneters of edges.

For the node a we can define a path fromthe tree roat tothe node. It isthe
connect ed sequence of edges wthout repetitions starting a the root and ternn -
nating a the node. For such path we can wite syniol s associ ated wth edges
inavwrd Let wsdendeit Wa. This vord defines a programfor the turtle
whi ch noves the turtle fromitsinitid location @ thetreeroat to the node a.

Exanple 3 : The pah W A) = FFRRRF corresponds to the node Ainfigre2
from and WB) = FFRF corresponds to B. Renentber that Risthe tunrigt by
90 degrees conmand.

Par anet er s
For a nore accurate (but al so nore fornal ) di scussion see reference 6.

It isnaresutable to contra the turtle using conmands wth nuneric par ane-
tas The length of aline segnent is anatura paraneter for the conmand F.
For the turn conmand R we can choose an angle as a paraneter. Intradtiod
not ation paraneters are added in round bracket s ter a cormand syniol .

Exanple 4 : The paranetric word H 1) R120) 1) R 120) H1) causes the turtle
todavatriage

A synbol can have nore then one paraneter. For exanple, inaddtiontothe
line segnent length it is naturd tosupdy the line wth a cd or defined by an
index toacda pdetea by RGB conponents o thecda. Wudly paraneters
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aeidatified by their positioninthe paamter list.

It isnoresutadeto assign nanes (idetifiers) to paraneters. This leads to a
new version of paranetric synbo definition

Inthis newversion the paranetric synid is defined by its nane and by the
odred set o itsparaneters nanes. Al paraneters are rea nunbers (floating
poi nt nuniers).

The newdefinition of paranetric synbol of fers a newsynt ax for the turtle com
nand not @aian  This new synt ax | ooks nore |ike the val ues assignnent to struc-
ture nenbers in GH than the classic turtle conmand synt ax

In the newformthe coomand stats wth a synbol nane, then paraneters
nanes followwth val ues assigned in the fornat paraneter_nane = value. We
use a conma between two consecutive parangters and a senicolon to term -
nate the record.

Exanpl e 5 : Let the cormand F (nove forward and draw col ored |ine seg-
nent) have four paraneters: |is segnent length and r,g &b are col or conpo-
nent s Then the command

F 1=1, r=1, g=0, b=0;
dravs ared line segnent of unit length.

There are several advant ages to using i ndexed paraneters. The first advan-
tage is the possibility of listing command parangters in any order wthout confu-
sm

The second advant age is anaurd rue for defadt vaues of paramaters. It
allows the dropping of optionally paraneters in the synool s records.

Therde for the defaut vaues is defined as fd | ovs.

Suppose that in the word nade of paranetric synols (paranetric word) we
have an occurrence of the synbol S. Siuppose that S has a paraneter wth a
name p adthis paraneter has no explicitly assigned val ue at the given occur -
rece Let ishildatreefo thevard Let WS) be the path fromthe roat of
thetreetothenode S. Inthevard WS) ve ook for the last occurrence of S
wthavdue xeqicitly assiged to the paraneter p. By dfintionthevdue xis
the defalt vaue for the paraneter p. If there is no such occurrence then the
default value equals O (or any other predefined val ue, specified in advance).

Inaher vords, the last exdicitly assigred vdue is the defadt vaue for the
par anet er .

We canillustrate this covetioninthe terns of the tutle stae Let us staein
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thetutle st ack st ates for each synd of the input a phabet. WWile interpreting
input word we updat e each conponent of the al phabet state eechtineits vaue
vas assigned explicitly. Backet sd fect the dphebet state in the sane way as
aher tutle parangters. Thus at any step of interpret ation the current a phabet
¢ ate keeps dfalt vdues far dl paraneters. A theinitia nonent we can
assune that the al phabet stateis a zero vector.

Anot her advant age of the new paranetric synhd definitionis the possibility to
trest paranetric words in declarative fashion as definitions of sone (not neces-

sary graphical) agjects. Reviowsly paranetric words were nai nly considered as
tutle s progams, i.e list of execut ddeinstructionms.
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GENERATI VE GRAMVARS AND L- SYSTEMVS
Basi ¢ concept s

Minua codng of tutle s prograns is too laborious.  The so cal l ed generative
grammars of fer a nethod for autonatic generation of such prograns.

Let us call syniol s which are execut abl e coomands for the turtle terminal sym
bds (or just termnas). W need to extend the set of terninal s by nonterninal
syniol s, whi ch have the sane nature except they are just ignored by the Tutle
Terminal s and nontermnal s have the sane synt ax and can be equal |y used in

i nput vords.

Nor+ternminal s were introduced to define producti ons.

A producti on naps nonterninal (predecessor) into a valid word (successor):
n—w,

were thelef tpart is notermind, and therigt pat isavdidvad Therigt
part can cotaintermnas axd non-termnas. The left part nust be alvways a
non-ternmna syniol .

There could be one, fewor no productions defined for each nonterminal. Al
producti ons are organi zed into the ordered list.

Sets of ternminals, nonternminal s and producti ons together wth a st arting vord,
cdledintiaa, define the generative granmar .

Let us define the rewiting process for the generative granmar .

The rewiting process is aseries of singe steps.  (Oh each step we scan the
curent word fromleft torigt and for each nontermind n lok fa the first pro-
ductioninthe list wth the predecessor n. Ater that we repl ace the nontermna
wththerigt pat o the prodction The process st at s fromthe initiaar.

The process is infinite if for each step there exist s a production applicable to the
curent word.

Note: Qassical L-systens have a paralel nechanismof rewiting. Thisis

an inportant feature for a variety of nodel s and for programi npl e-
nmentaion for parallel conputers. In Wrld Builder we use only a
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sequential nechanismof rewiting.

Exanple 6 : Let the granmmar G have terminds R F, nontermnals a b and the
producti ons set:

a — RFb

b — RRRFa
If theintiaa isavadd asinge syifhd a, then the rewiting process will
never stop. Thetutleinepe ation of internediate steps lodks like a st aircase.
A gpication of a— RFb gives horizont d lines axd b —» RRRFa g ves verticd
lires

This exanpl e shows that there is no natura nechanismto termnate infinite
rewitig The conmon sol ution is to provide wth a grammar a set of nuniers
linting the depth of recursion for each production. (Anare naturd so ution to
this prodemis of fered by paranetric L-systens discussed | ater)

L- Syst ens

We define an L-systemas a par casisting o theinepee (the tutle) adthe
generative granmmar .

The &l phabet of terninal s nust coincide wth the set of synols wth nontrivial
inerpret ations. Nontermnal s are valid input synol s but have no such interpre-
taion i.e aeigoed by thetutle

We wil cal the generative granmar in this definition an L-granmar .

Note: There are obvi ous net hodol ogi cal reasons to deconpose the
notion of L-systens into two weakly connected pats. e can use
different interpreters (not only LA3style turtle) to obtain different
represent ati ons of the |anguage generated by L-grammar.

Nowwe wll summarize the nain dif ferences fromthe classica version of L-sys-

tens. The interpreter and the generative granmar are al nost i ndependent

pats of an L-system Their only coomon el enent is the al phabet of terminal s.

Al nontermnals are valid input synbd s for the interpreter but are ignored by it.

The rewiting process is finte, sequetid and determnistic.

Paranetric L-Systens

It israurd towe aparamtric a phabet s inthe grammar definition This gen-

edizaioniscdled aparanetric granmar. It was introduced by P.Rrusi nki ew cz

(see reference J).

Hre ve wil discuss the notion of a production in a paranetric granmar.

The new el enent of a production is a predicate. It is a Bod ean function wvhi ch
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defines conditions of the production gpplication.  The usual not aion far apara-
netric production i s:

niFn-w

The predicate w here is defined on the space of al synol s paramaters. It
neans that not only paraneters of the predecessor can be used as argunent s
This is possibl e because for each position of the synbd in a word we can
define defallt values of paraneters, so we can use paraneters of any syniol
anong argunent s o the pred cate

Froduction nIFt — wrewites the synbd nintheverdoly if x has val ue
True. Sonetines we skip the predicate for the sake of brevity.

Intherigt part of the production we can use functions instead of just const at
nuneric val ues for parangters in the successor .

Val ues of these functions are cal cul ated and assi gned to the correspond ng
paraneters at the nonent of production application. The order of paraneter
evaluation in the successor is fromleft torigt. Suare bracket s at inthe
usual manner. Wth the accurence of the lef t radet, dl paraneter val ues are
pushed onto a st ack and then are restored af ter the correspondi ng right bracket.
Within any sing e synd the order of paraneter eval uation is induced by the
order on the paraneters nanes set. (S the order of paraneters in the sym
ld srecadis mt sigificat.)

These convertions elininate ani guity in cases like the folowng.  The syniol
Fr=l, g=+L

inthe vord

Fr=0, b0, Fr=l, g7+

wil g df feret paraneters val ues depending on the order of paraneter eval u-
aim

Exanpl e 7 : Let the synbol n have three paraneters g h ¢ ordered as wit -
ten  Then the production

nlFa+b>c Flma+b-c¢c Fl=s
can be applied to the syniol
n a3 b4, =2

It wll beregaced wth F 15 FI13.
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Scope resal uti ons

Df ferent paranetri c syniol s can have paraneters of the sane nane. To sdve
this common probl emof naming conflicts we introduce a scope resal ution for
parangter nanes. There are only a fewscopes for paraneter nanes. \Wéwill
descri be these scopes later.

As usual nanes wth prefixes serve to identify the scope of nanes explicitly. If
the synibol has the nane S adits paraneter has nane p then the par Sp
idatifiesths paamater inadl cotexts. Hre Sisaprefix for the nane p.

Two nanes wth prefixes are dif ferent if those nanes df fer as pdrs The usage
of nanes wth prefixes is the sane as that of ordinary nanes.

Exanpl e 8 : Let adencte anagle of rataionand let it be the nane of the
synbol s R parangter. Let asothe synbd n have paraneters g b and c.
Then the production

nlFa+b>c Raxm

does not change the value of R a because the nane a defined in the synhd R
hi des the sane nane defined in the synibol n. To access the val ue of the para-
neter afromthe synbol ninside the scope defined by R one nust explicitly
speci fy this scope:

nilFa+b>c Rang.
Now n wll be rewitten by the ra ation synbd wth the angle equal to na.

This exanple il lustrates the scope defined by the producti on predecessor. The
predi cate and the successor bel ong to this scope.

Now the consistency of the production definition wth the definitions of the pred -
cate and the paraneters as functions on the a phabet staeis dvias. Thsis
inplied by the fact that a any step of rewiting any conponert of the a phabet

date vector could be accessed. This distinguishes our definition fromthe clas-

sic vhere the predicate and the successor depends only on the predecessor s

par anet er s.

Exanpl e :  The successor in the production

nilFa+b>c RaFl

defines theratation by an ange equa to the curent length H of aline segnent.
Intiga SELF

Another enhancenent is a special nonterminal: SELF. It isthed arting syntol
ad there is oy one production for it:
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HF IF Trie —» a
vwhere aistheintiao o the granmar.

We repace the dd intiao wththe newinitiaor wichis the vard SELF. The
synbol SELF could not be used in any successor in any production. The |an-
guage generated by this newversion of the grammar is the sane as before the
inroduction of the st arting synhd .

The synbol SELF can have paraneters. These paraneters play the rd e of
gobal const at s and can not be nodified because there are no productions wth
SELF occurring in the successors. It distingui shes these paraneters fromall
other synbol s parangters. Qwiously al other paraneters can be nodified.

Further we consider only granmars reduced to the formwth the st arting sym
bd SELF. Thus ve actually einmnate the initiator fromthe granmar definition

Exanple 9 : Qnsider the granmar with terminals R Fand nontermnals g h
SELF. lg whbethe ony paraneter of the termnal R. It denotes the cl ockwse
rd ation angle neasured in degrees. Let Fand b have no paraneters. Assune
tht a and SELF each have one paraneter of the sane nane d (denoting
recursion degh).

The granmar productions are the fol l owng (conpare wth):
HFIFd>0 — a d=SELFd

alFd>0 > Rw -0 E b

bIF Trre - Rw-w F addl

If theintid vdwe o the paraneter d o the starting syniol equals 3 then the
rewiting process is finte and resut s inthe paranetric word:

Rw-90; FE Rw90, F Rw-90;, E Rw90, F Rw-90, FE Rw90, F,

If intidly thetutledredtionves hoizat d thenthetutleinepea diond ths
vord is a three segnent st aircase

¥
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Sunmary of noncl assi ¢ feat ures
Tohdpyouinreadng addtiod literaue ve briefly list nonclassic feaues
whi ch were introduced.

Al paraneters have nanes and their val ues are referenced by nanes. This
elimnates the dependence on the order of paraneters.

Scopes resol utions for nanes were introduced. Pefixes are used to avoi d
anbi gui ty when paraneters of dfferent synbol s have the sane nane.

The st arting synbdl SELF sustitutes the dassicd intiago. It isdsouwsafa
storing the va ues of g obd const at s

The rewiting process is sequentia and determnistic.
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MODULAR PROGRAMM NG AND L- SYSTEMS

The L-systens nodel s desi gn resenl es conventional progranming. It is well
known that the coding process is nuch nore ef ficet if it is suypoted by a
lirary d & andard procedures and functions. Thisis the nativetion for introduc-
ing into L-systens a nechanismsinilar to a call of an external procedure from
alibrary or fromanother nodul e.

Suppose that we have a paranetric granmar. W can organize the cdl o
another granmmar frominside the right part of a production of the first granmar
inthe fdlowng vay. W can use the synbol SELF of the second grammar in
the first granmar in the sane way as we use other nonterminals.  To d stingui sh
it franthe SELF of the first granmar we can assign the nane for the second
grammar and use it wth nonterminals of the nain granmar. This new syniol
ve wll call theinterface synd of the granmar. It hes sane paraneters as the
synbol SELF. We wll call the occurrence of the interface synid a granmar
al.

The call nechanismworks in the foll owng way:

Wen the right part wth a granmar call overwites the predecessor, thendl
paraneters of the granmar call (i.e paraneters of the interface synbd) are
cadcuaedinaregda way. Then the rewiting process of the external grammar
isgated Theresult of the process is substituted on the place of the grammar
al.

Thi s nechani smworks correctly wth the fol | owng assunpti ons:
Terminals of both (nain and external) granmar nust be the sane.

Nonterminal s of the external grammar nust all dif fer fromnontermna s of
the nain grammar.

The last condtion pratect stheside ef fex s of the cdl. |If the edxerrd grammar
has common nonterninals with the nain grammar, then & ter inedding the
resut of the cal intothe word ve can later gpply productions fromthe nain
grammar to nonterninal s which cone fromthe external grammar. This leads to
sice e fet sd thedl.

Itisvaydfficdt tosaisfy thelast coddtioninactud gpdicaios. The sinpl est
vay toavoid side ef fed sinthis caseis todinnate adl nontermrd s fromthe
vord derived in the external granmar before it replaces the interface synol .
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This soutionis used in L-(yject s conpiler, soin practice you can use any Set
of nonterninal s.

Exanple 10 : Asinple exanple of a granmar call. Let the grammar from
be the nain grammar. W nodify the production for the syndl b as fdlovs:

bIF Trre - hwRw a d=d1;

Hre his aninterface synbol of the externad gramar H wth termnds F, R
The grammar H has no nonterminal s except SELF and has only one producti on.
The only paraneter of SELF is w. And the only production is:

HF IF Trtre - F Rw -SHFw

Qne can check that the new version of the granmar generates the sane | an-
guage.

Note:. In the terminol ogy of reference 6 an external grammar is called a
subor di nat e granmar .

The nechanismof a grammar cal |l hel ps to support nodul arity in L-systens
dsign Anexterna granmar is simlar to the nodul e which export s only one
object (aword in the | anguage defined by granmar). This nodu arity al | ons
one to deconpose L-systens nodel s easier and build libraries of reusabl e com
ponent s

L-dyect s as L-systens wth inherit ance

Snde Inerit ance
Followng the logic of the evol ution of conventional progranming | anguages, ve

introduce L-systens wth inherit ance.

Roductios wil pday therde o virtud fuctios. Mmeqict nonvirtud cdl o
the inherited production cou d be perforned through the explicit type cast to the
grammar ancestor. The inherited paraneters of syniol s behave like dat a mem
bers of classes in C+.

The interested user can find al the technical detalsinreference 6. Hre ve wil
pacejust adaft of the nainidea

Suppose that you have a granmar and you want to extend it and nodify j ust
fewthngs. The usual way is to create a newcopy and edit it to neet your new
gds Thsisatradtion way wich leads to duplication of the code. Mre
over, thedf ference between the prototype and the new version i s hidden
anong conmmon det dls

(pj ect-oriented desi gn proposes a new approach. W can create a new gram
nar and place a reference onits prototype - the first granmar. The reference
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wll nean that we use all features of the prototype except those which are rede-
fined in the new granmar . The new granmar can have a set of required addi -
tiod festures.

The prototype is called the ancestor (or super-grammar, if followng C+ nane
styles) and the derived grammar is called the descendant (or sub-granmar).
The rel ation between the ancestor and the descendant is called inherit ance.

L-Systens wth inherit ance ve wil cal L-(yjects

Let us describe in nore det als howthe inherit ance is organi zed and works.
Frst velist al extensions aloved in the descendant:

The descendant can have nore nonterninal s wth respect to the ancestor and it
ingits al nonterminals fromthe ancestor.

In the descendant s inherited nonterninal s can have additional paraneters,
dog wthdl inerited paraneters. Al addtiod paraneters have default val ue
0

A descendant can redefine productions for inherited nonternina s.
The rewiting process is nodified in anatura wvay.

To rewite the nontermind ve search for the proper production first inthe list of
productions in the descendant. |f nothing found, then we search in the ances-
tor.

To cal the production formof the ancestor explicitly ve use a prefix - aninter -
face nane of the granmar - before the nonternminal nane. In this case the
search of the production st at s fromthe list of the ancestor specified by the pre-
fix

A inport ant feature of the newrewiting process is the folowng  Sippose we
have a nontermnal N intherigt part of the productionin the ancestor. W can
add productions wth N as predecessor in the descendant. It neans that the
bebeviaor of N was redefined. The ancestor knows nothing about it, but when
we expand the synibol N occurred inthe rigt part of the acestor s production,
ve wll use the newproduction for N. So we add new properties to producti ons
of the ancestor wthout changing themexplicitly.

Nte thet the st arting synbd SELF of the extended granmar is al so an exten-
sond the starting synol fromthe ancestor. It neans that the ancestor s con-
$ats are cot ai ned anong const ats of the extended granmar and constitutes
thetal d the const at slig. This behavior resenl es the behavior of an inherited
dat a nenber in GH.

Gammar inheritance have al the features of inherit ance in nodern program
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nng | anguages. Froductions gpplications ook like cals of virtuad functions.
The search of the appropriate production st at s anong the descendant s pro-
ductios. Then the search continues on the inherited productions. |Inherited
productions coul d be rewitten by descendant s productions. This corresponds
to the usual for GOP polynorphism Here it is supported by rewitingtine
search of the actud cdl address . The address is defined according to the
type of the granmar. Deetothis, the ancestar s productions can evoke pro-
ductions of descendant s

Nnvirtud cdls aedsoavdldde Mmexpicit type cast suppresses the virtua
cal nechanism Inthis case the production fromthe particda acestor is
evoked and the cal | address is known a priori.

Therdaion o ineritareistrasitive You can use the descendant as an
ancestor for another granmar.

We described asinge inheritace A grammar can have only one direct ances-
tor inthecase o singeingitance. Bit it canbeinherited by mitiple gram
nars.

Exanpl e 11: (onsider the grammar G (see dso) wth termnds F and R,
nontermnal s a, b, SHF and producti ons:

HF IF Trie — a
alF Trie - h
bIF Trie —» a

(Here the syntool s have no paraneters.)

This granmar generates only infinite words vhich are tenpl ates for periodic
vwords. The granmar is a counterpart of the abstract class of C+inthe
respect that it does not generae finte vards wth notrivia tutle inerpret aion
( aostract classes coud not be instantiated in CH terninol ogy).

onsider the extension of this granmar, where the synbols SELF and a each
have one paraneter naned d. This paraneter corresponds to the recursion
depth. Poductions inthis extended granmar are the fol | owng:

SHF IF Tree - a d=SELFd

alFd>0 - Rw -9, FE Gaddl

bIF Trie - Rw -w E Gh

It is easy to check that this grammar is equiva et to the grammars in and .

Bdowvve list words derived a the first six steps in the extended grammar. W
¢ at with d=3:
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0 SEF d=3;
1 ads3

2 Rw -9 F Gadz

3 Rw-O E b

4 Rw-90, F Rw90, F Gh

5 Rw -9, F Rw0;, F ad=2

6 Rw-0 F Rw90, F Rw-90, F Gadl
I

Mitige Inerit ance
Mitigeinherit ance of L-ojjectsisastragt forvard generdization of the previ -
ous section. Instead of just one reference to one ancestor we can use refer -
ences to several granmars.

We need to order these references, and aso be carefu of dif ferent nanes for
ancestars.  The procedure of searching the proper production in the case of
nitipge inerit ance has two variant s

It is convenient to conpare these variant s using an inherit ance graph.

As usual an inherit ance graph is a graph whose nodes correspond to gram
nars. Drected edges of the graph represent the inherit ance relation. W iden-
tify nodes attributed to the sane grammar (just like virtud classes in G+ inheri -
tace). Thus the graph is not necessarily atree but it is a DG (Drected
Acyclic Gaph). Adirected acyclic graph is a graph of connecti ons whose
arrangenent and direction do not produce circul ar references.

Df ferent variat s of the search procedure dif fer in the search orders on the pro-
ductions set. Qnseguently nodes of the inherit ance graph are al so traversed
indf ferent order.

Frst we discuss the sinplest generalization (fromthe inplenent ationparnt o
viey. Itis lirerized mitipge inheit ance.

Let us drawdirected edges of the graph as arroms. So, an arrow denotes the
ingitance relation. For exanple, A—»B daxs for B ingits A.

We attribute to each node in the graph to nuneric paraneters d and n- depth
and nunter respectively. Let the granmar Gg be the naxinal elenent. This
inplies that no arrong exit fromthe node Gy. This node has depth d=0 by defi -
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riticm Al nodes connected to Gg by a sing e arrow have the depth d=1. A
nodes wth yet undefined depth connected wth depth 1 nodes have depth d=2.
Ingenerd the depth of is equel tothe length of the shortest path from to G
Define a linear order on each set of gramars wth the sane depth in sone
vay (sudly thisis the order of references to the ancestor in the ancestars list).
The paraneter n denotes the nunber produced by this order.

The lexi cographic order of the set of pars (dn) defines the order by which we
traverse the graph ad cdlect dl productions in one linear list.

We use this list to search for productions as inthe previous sections.  In paticu-
la, the search for an occurrence of the synol cast to sone type st at s fromthe
first production of the grammar of this type. Fomthis point the wdetal o the
list is scamned and prefixes are ignored

i -
G:L,l P i " S
Bt ol S
..... ——
- S A N --;.GW

Infigure 4 the indices of granmars correspond to pars(dr). The searchis
perforned al ong dashed arrons. Solid arrows denote inheritance  The |inear
list of productions constructed for this grgph | odks |ike

F. Ru Ry o sBipFug
d=0 d=1 .. d =M

This corresponds to the linearized inherit ance graph:

G= G b =Gy = = Gy = = Gy

There are several advant ages to the described nechani smwhi ch are useful for
inpl enent ation. Bit asothereis an dvious dsadvart age It is possibdeto
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apply to a synbal cast to the type h a producti on unreachabl e fromthe node H
inthe original nonlinearized graph. For exanpl e such applicationis possibe for
productions fromthe granmar wth the sane depth as H but wth higher n.

The second approach el imnates such possibility. The search is all ovned only
aginst sdid aroms intheinheritance graph. It is nore close to the regu ar
mitige inherit ace, like in G+

We wll cdl thefirst goroech linear mitige inherit ance and the second strict
mitipd e inherit ance.

Exanpl e 12: In assunptions of the consider another extension of G - the
grammar H. Newnonterminals x and y are added. The set of productions is
the fdlonng

HF IF Trre - a d=SELFd
alFd>0 - x Gaddl
bIF Trie —»y, Gh

Synbol s x and y have no paraneters. This granmar H also could be treated
as an abstract class hecause a word generated by this granmar has no nontriv-
id tutleinepd aiom

onsi der another grammar Q wth termindls F and R, nonterminds x and y, ad
product i ons.

XIF Tree - Rw -90;, F
yIF Trie - Rw -w F

This granmar generates a trivial |anguage because there is no production for
the &t arting syniol .

Gamrar Hand Qlinearly inherited by the grammar Z The grammar Z adds
not hing and cont ai ns nothi ng except references to H and Q.

The grammar Z generates a | anguage equi val ent to the | anguage in Exanpl es
10 and 11

The list of productions for the granmar Z consist sd ligs fromH Qand G con-

caenated inthe order: H Q G Theinheritance graph for Zis depicted in fig-
ue s
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The Inherit ance 03
Network of Four r‘-..__'.

G anmar s -
™.,

Gviosly inthe case of strict inheritance, productions of the gramar Q are nat
reachabl e fromthe granimar H against sdid arrons. But productions from Q
are reachabl e al ong dashed arrows. Thus inthe linear and strict cases ve

di andfferent |anguages.

It is possibetouse bath versions of inherit ance simult aneously. W choose |in-
ex irherit ance as the base nechanism But we | eave an opportunity to specify
productions searched in the strict sense. Nanes wth prefixes cast to the type
inthe stridt irherit ance nanner are denoted as ab.

Suich a choice of a base inheritance nodel is inspired by the redities of sof t-

vare application. W use L-objects for nodeling plant s and it has turned out

thet lineer inherit ance better suits simlating cross breading of dif ferent kinds
o dats Thisisillustrated by Exanpl e 14 frompat Il.
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PROGRAM | MPLEMENTATI ON OF L- GBJECTS

Die to the snal | nunber of basic notions used in defining L-Qyjects, thar pro-
graminpl enent ation is conpact ad sinple.  Actually the | anguage description
cosistsd thelig o df ferences innot aion of L-Qyjects, the description of sev-
erd exensions and the definition of the interface wth a file gperating system

Wed art wth the description of generad e enent s | eaving asi de specification of
atermnas dphabet and itstutleinepe dicn As an exanple of L-object s
applications, we consider first 2Dturtle graphics and show a si npl e exanpl e of
an L-ogects program  Then vwe describe the interpreter inplenented in Wrld
Bilder and discuss its conmands.

Aset of these exanples goes wth WrldBildy infiles. An additiona L-object
fileis used to convert regdar Wirld Billder L-aject sino 2Dtutle gaohics.
See the files in the directory LSYSTEMB TUTCR AL.

Grerd defintions
The description of each L-oject is stored in a separae file wth the edension

.L. Naes of syntols and paraneters are the usud idetifiers. The length of
idatifiesis mt restricded The language is case sersitive. DElinters are t ab,
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space, carriage return and line feed synbols. CGrment s are encl osed by pars
d Fad 7.

For grammars calls and inheritance all L-agjects are referenced by file nane
and by the nane of the granmar. W introduce paraneters of the string type to
stare file nanes. Atwdly dl string paraneters store only a nuneric i ndex of
the corresponding string const at. It isanindxinothe stringt abl e which
eist s duingaconpilation stage. It neans that nanes of string paraneters
can appear in arithnetic expressions. Bt a string const at it sel f cannot appear
in nathenati cal expressions. String cost ats are encl osed by quotes:

For an external grammar call we reserve the nane | MPORT. Asynbd wththis
nane has a string paraneter naned file. The nunber of other parameters and
their nanes nust correspond to the nuniber and nanes of paraneters of the
external grammar specified by the paaneter file An occurrence of the syniol

| MPORT evokes rewiting process in the externa granmar wth parangters
specified in the nain grammar .

For exanple if the file EXAMPLE L cont ains the granmar wth paraneters
recursi onCepth and branchi ngAngl e then the synitol

| MPORT file=exanplel.l , recursionbBepth =2

evokes the granmar stored in file exanpl el.| . The paraneter branchi ngAngl e
dringthis cal hes the dfadt vd ue specified inthe file exanpl el. | .

We assune that any terminal s al phabet contains bracket s[and ] Their action
ves oefired in Rart 1.

Reserved Keywor ds:

ALWAYS ANCESTORS AND
CONSTRUCTOR END IF

IS MEMBER MEMBERS
OBJECT OF OR
PARAMETERS SEQUENCE THEN

Specific termnals are added to this set of reserved words each tine the new
fidd of goicaionis studed Later ve wll describe termnds used in Wrld
Bilder.

Aithnetic expressions are the sane as in C+ and use a conventional set of
operations denoted in a st andard way. Aonic factors in expressions are para-

neters nanes, paraneters nanes wth prefixes, and floating point nunbers. Al
nuners are converted to the floating point form
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Log ca operations are the fdlowng AND, ORand NOT. Qonparison opera-
tiasae 3 > < = < < (gede, gede o eqa, not equd, eqd, less or
eqdl, |ess respectivdy). The priority of operations is the sane as in G+

We use the keyword THEN instead of an arrowin the not aion nlF T — w.

The keyword ENDtermnates the production record.

The keyword ALWAYSis used for brevity instead of the sequence IF True
THEN.

L-o ect s synt &
Infornal description

M L-objects description cosist s of tvwo pats Thefirst part is the dedaaios
and the second is the definitions.

Declarations st art fromthe interface synbd nane.  Thenfdloms thelist o its
paraneter nanes wth their default values. Then fdlows alist of noternina s
wththar paraneters. Default values for user-defined nonternina s are

assuned to be 0. Nonterminals are followed by the list of inherited granmars.

The definition section of the granmar cont ans productions.  The production for
thest arting synbol is indented by synt ax adis cdled CONSTRUCTOR.

Al sections are | abel ed wth correspondi ng keywords and are termnated wth a
semcol on or END.

Fornal definition

Anore formal and det aled definition of the | anguage synt ax fd | ovs:

L-a ect:
OBJECT declarations definitions END
decl arati ons:
obj _nane opt parans_decl opt nonterns_decl
opt ancest ors_decl
obj _nane:
idatifia
par ans_decl :
PARAMETERS obj _pa lig;
obj _pa lig:
obj _par_decl
obj _pa_list, dj_par_decl
obj par_decl:
par_nane_decl = const ant_expressi on
par_nane_decl :
idatifier
nont er ns_decl :
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MEMBERS norterns |ist;

nonterns |ist:
nont er m decl
nonterns_|ist, nontermdecl
nont er m decl :

nont er m nane_decl opt nont erm par ans_decl
nont er m nane_decl :

idatifia
nont er m parans_decl :

(parans_list)
parans |ist:

par _nane_decl

paams list , par_nane_decl
ancestors_decl :

ANCESTORS axcestars |ist;
ancestars |ist:

ancest or _decl

ancestors_list, ancestor_decl
ancest or_decl :

obj ect _nane const ant_string
dfintios

opt constructor opt productions |ist
constructor:

CONSTRUCTOR paranetric word END
productions_|ist:

product i on_def

productions |ist, production def
product i on_def :

MEMBER nontermnane ISdtergiveslist END
dteraives |ist:

dterretive

dtemaives list, dtermative
dtermaive

IF predicae THEN paranetric_word END

ALWAYS paranetric_word END
pred cat e

bool ean functi on
paranetric_vord:

paranetri c_syniol ;

paranetric_word paranetric_syniol ;

[paranetri c_word]
paranetri c_syniol :

synbol _nane opt parans

cycl e operator
par ans:

par anet er

parans, paraneter
par anet er :

L-Systens Program | npl enent &im 265

o



CHAP_7C. QXD 6/5/2003 10:19 PM Page 266 $

L- Systens

param name = arithnetic_expressi on
par am nare:
nadi fi er . nont er m nane
nodi fi er: nont er m nane
nont er m nane
t erm nane
nont er m nane:
t er m nane:
idatifier
nadi fier:
obj _narre
cycle operator:
SEQUENCE cycle var =lowlim hi_lim OF paranetric_word END
cycl e var:
idatifier
lowlim
h_lim
arithnetic_expressi on

Actually in Wirld Biil der the declaration of parangters is nore extended:
paraneter (= default_val ue, nmin val ue: nax val ue, text conment)

Both nmin_val ue and nax_val ue are parsed by the conpiler but are ignored.
The text coment fieldis optional, but the cooma before it nust be present.
No senicol ons are required af ter the paraneter decl aration, but the senicol on
isreqired a the ed of the PARAMETERS section

Qe nore extension is the § conment which you can add right af ter declaration
o the dhject nane. This is a specia comment which (along wth extended defi -
ntiond paraneters) was planned to use for autonatic generation of a dial og
box wth paraneters and object description. For nowyou need to open a file
wth L-Opject and change paraneters in atext edtor, wichisnd ided. This
feature Wil gppear infutwre versions of Wrld Bilder.

Gycl es
The cycle operator SEQUENCE OF ENDis an extension of an abstract schene
fromPart 1. It vas introduced to € ininate unnecessary recursi on.

The cycle is expanded each tine when the production wth the cycleinits suc-
cessor rewites its predecessor occurrence.  The cycle body is substituted as
nany tines as there are integer nunbers between the |owand the high cycle
boundaries. The arder of substituionis returd: it stats fromthe lowlint o the
cycdevaiaddeadrus tothe highlimt. The cycle variabl e is used inside the
cycle body as dl other paraneters. The cycle defines the scope vhere this vari -
ddeisdefined Thecydeitsdf isidetifiedby therae of itscydevaiade
Thus, inbedded cycles wth the sane nane for the cycle variable are illegal .
Howvever dif ferent cycles can be inbedded wthout any restrictions.
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The keyword SEQUENCE (irsteed o CYCLE) enphasi zes the decl arative
neture of the L-ogect s | anguage.

Bool ean functi ons
Bodl ean functions used for the predicate definition shoul d be aways of the
form
PL ORP2 OR.. ORPN
vwhere H is a Bool ean product:
ClL AND@... ANDCN
ad G is an expression of the form
(arithmexpr conparison sign arithmexpr)
Conparison sigs are qite standard conpaisas. < > > <5 = <
The sinpl est exanpl e of Bool ean function is:
(esh).
Note that bracket s nust present inthis case too.

More exanpl es:

(0 AND (b>a)
(@0 AND(bg) OR (b9

Inthe last exanple AND (the Bool ean product) is conputed first, then OR (the
Bool ean addi ti on).

Functi ons
There are severa quite tradtiond hult-in fuctions inthe L-dject s | anguage.
Random nuniber generator can be called by the function RANDOMI owhi gh)
The seed for the randomnunier generator is defined by the specia paraneter
seed. Thsis apaameter of theineface synhd. If the paraneter is absent,
then the randomseed has sone unpredict ade st arting vd e

Note: There are no user-defined functions in the language. Neverthel ess
it is possible touse side effect s o inherit ance and production appli -
cation to simil ate user-defined functions.

@rsider atrivid L-oject (thisisthe mnind sy aticdly vaid L-dject):

OBJECT None END
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Let another object inherit the object None. One can introduce a new nontern -
rd inths acestor:

MEMBERS ... , WerFuxction(pal, par2 returnvdue);
and define the fdlowng production for this nonternina :

MEMBER Wser Function IS
ALWAY S None: User Functi on returnVa uesf (parl, pad; END
END

vhere f(parlpar?) is a user-defined arithnetic expression. Wen this produc-
tion rewites an occurrence of the synol User Function parl=a, par2=b; the
val ue x=f(a,b) is ca cu aed and assigned to the paraneter returnvd e
Recursion is suppressed here by strict type cast to the type None.  The obj ect
None has no productions. Thus the word rewiting the successor s occurrence
is

Wser Function parl=a, par2=b, returnva ue=x;

Ater that the value x=f(a,b) can be accessed fromal | producti ons by the nane
Wser Function.returnvdwe This trick allows one to organi ze procedures and
function of any conplexity wth any nuniber of input and output paraneters.

Note that ve use here strict type casting. Linear type casting in sone cases
can evoke productions of ancestars visible in the linearized i nherit ance graph.
The result is not the sane as inthe case of strict casting Linear casting does
not guarantee that nothing nore a this point wil becaled Theresut of
WerFunction cal | wil be unexpected.

Described trick is extensively used in exanpl es supplied wth Wrld Bilder .

Exanpl es 2D turtl e graphics and L-object s

Qsider the set of terminal s

[, ], Danine(lengthwdth, TurnBy(ang e).

The neaning of these terminals is obvious. W wll usethis set far drawng on
the plane in the fdlowng exanpl e.

Exanpl e 1

The file BEXAMPLEL.L contansthe dfintiondf asinpe 2Dtree The tutle
inerpret aion o this dfintion gypears in Hgre 5first tothe left

OBJECT Tree
PARAMETERS recursi onBepth =5, branchi ngAngl e =60;

MEMBERS Init, Banch(depth), Fork(side);
ANCESTORS Nre nore.| ;
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CONSTRUCTOR Int; END

MEMBER It IS

ALWAYS

TunB/ age =-90, /* tuns the tutle up */
Branch;

END

END

MEMBER Branch IS

IF (dept h<recursi onDepth) THEN

DrawLi ne

length = 5/ (dept h*dept h+l),

wdth = 0.2/ (depthtl);

SEQUENCE i=11 OF Frk sice =i; END;
END

END

MEMBER Fork IS

ALWAYS

[ TurnBy angl e = si de*branchi ngAngl €;

Branch depth = depth+l; ]

END

END
END
The tree defined by this dyect is too synmetric and artificid. Thisis wd for
sinpl e conputer graphics nodels. W can inprove the tree appearance by
changing nothing in the origind definition but rather by adding newfeatures to
the descendant s d th's djet.

Exanpl e 2
OBJECT Randonfor kTree
PARAMETERS probahi lity=0.85, // branching probability

ANCESTORS Tree exanplell ;
CONSTRUCTORInt; END

MEMBER Fork IS
I Trefirst dterdive //
IF (RANDOM O, 1) <probabi lity) THEN Tree Fork, END

/1 If thefirst dterdive falsthenthereis o /lbrach a this
point and one nust suppress the /lsearch of productions inthe
aoestar: //

ALWAYS END

END
END
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There are less branches in this newversion of the tree. Hre we define a new
version of the production for the synbd Fork.  The new production hides the
ddore Bt the dd production cou d be evoked explicitly. It heppens wth

probebility 0.85 when the first aternative in the production varks.  If the check

(RANDOM0,1)<0.85) fails then an enpty word rewites the synbol Fork. This
is due to the second a terrative.

The tutle inepret ation of the newversion appears next in the sane figure.
Qrved branches further inprove the tree appearance.

Exanpl e 3
OBJECT QurvedBranchTree
PARAMETERS
nSections =2, // the nunber of straight
//segnent s of branches

MEMBERS BranchSect i on( dept hSquare) ;
ANCESTORS Tree exanplel.l ;

CONSTRUCTOR Treelrit; END

MEMBER BranchSection IS
ALWAYS

TurnBy angl e = RANDOM - 36, 36) ;
DrawLi ne

length = 5 (nSecti ons*dept hSquar e+2) ,
wdth = 0.2/ (dept hSquar e+l) ;

END

END

MEMBER Branch IS

IF (dept h<recursi onDepth) THEN

SEQUENCE i =1, nSctions OF

BranchSecti on

dept hSguar e=dept h*dept h;

END;

SEQUENCE i=11 OF Fork sice =i; END;

END

END
END
We introduce a new syniol BranchSection inthsvesand thetree This
syntool is responsible for drawng straight segnent s of branches. The turtle
inerpret ation of this version gopears thirdin Fgure 6.

Ad firdly, we combine al inprovenentsinoe dject. Thsis atreewth
curved branches and irregul ar forks.
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Exanpl e 4
OBJECT Randonilree
PARAMETERS seed=5249; /* just a nunter */
ANCESTORS Randontor kTree exanpl e2.1 , QurvedBranchTree exam
pel ;
CONSTRUCTOR Int; END
END

Tretutleinepeaiond thefird vesionisthelast inFFgre 6

Tutle Gaphic 4 b a
Tress - Treg \t&’k 7 ';kl‘
Randonf or kt r ee, ﬁk\ _'E
Qur vedbr ancht r ee, h e

and Randontr ee.

The series of these L-(yject sillustrates anast al features of the L-Systens
language built into World Builder (except grammar call). Asothis L-Qyect pro-
vides an exanpl e of Increnent al Design approach in naking trees (Increnent &
Design in Wrld Builder originates from@yject Giented Brograming).

3Dtermnal s and 3D Tutle
Nowwe wll discuss 3D specifics of L-Qojects as they are inplenented in Wrld
Bilcd .

3D Tutleis qitesmla toits 2D count er pat.

The orient @ion o the Tutlein 3Dspace is defined by three paraneters. S, to
change it, we need al so specify three parangters. The ternminal synbol AXI S
serves this purpose.

Acther dif ferenceis that instead of actud drawng 3D Turtle crestes 3D prinn-
tives wich are arganized inatree. Thistreeis aRat Qject ina Wrld
Bilder scene. This trees can be rendered and edited (see the Rants sectionin

the Wirld Biilder QrLine Tuaids). A Skeleton Line represent ation of a Rat
Qyect actud ly dravs this tree

Hreisalist o terminds wth description of prinitives or actions defined by
them

| MPORT: calls the externa granmar.

Par anet er s:
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file: strimgparaneter. Qrtans afile nane in quotes wth the externd
grammar. For exanple filee TES. L. You need to specify a ful pahif
the fileis nat accessibe by redrection

Qher paraneters are optiond. Qly paraneters wth the sane nanes as in the
external gramar are allowed. Paraneters wthout explicitly defined val ues has
val ues specified inthe definition of the externa granmar .

NO SE: assigns a val ue to the randomseed during the rewiting process.

You can specify the val ue of the randomseed in the PARAMETERS section of
the l-dject dfintiondso Inths casethevdue o the seed paraneter is

assi gned before the rewiting process st at s

Par anet er s:

seed: avdue of the seed

AXI' S: cotrds aiet @iond the Tutle in 3Dspace

Par anet er s:

rotX rotY, raZ: defire the ra ation angle around the correspondi ng axis.

The ageis specifiedinradans. (Thereis acostat A inalanguage.)

Rra ra ationis perforned around X then Y ad firdly, Zais The tur -

tleis headed d ong the X axis.

scal eX scal eY, scaleZ: changes the scal e a ong correspondi ng axis.

The size and proportions of prinitives depends on the current scale. The
intid scdeis 1fo each dnension
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3D Tutle Grirds o
(L) oA
Er|

Er iy
=1y
T

BT
o1
x

JUMP: noves the turtle position forvard (along its X axis) onthe specified ds-
tance. [Dpes not af fect the aiet ation and scal e.

Par anet er s:

length: specifies the dst ance which the Tutle noves. The plant cont ans
a primtive corresponding to this synd. It has length and is nat ren-
dred soit isiniside

LI NE: draws a spline segnent of the length length.

Par anet er s:

length: defines the length of the segnent.

tension: contrds the spine paraneter. For zero tension the spline seg-
nent degenerates into aline

STUMP: defines a segnart of thetruk It isafigreldted dongthe spiine
pahwthdlipgicsedtion Theradi o thedlipse ae eqd to 1, andthe dlipse
appear s hecause of possible dif ferent scAdes dongthe YadZaxis. Two con-
sequent STUMP primtives are bl ended autonatica ly.

Par anet er s:
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length: defines the length of the segnent.

tension: contrds spline parangter. If tension equals O then the spline
degenerates into a line segnent.

twoS ded: if thsparaneter equals O then only those pat s of the segnent
are drawn, wich have nornal directed to the viewort. Back side of the
primtive suface is not dram. If it has non-zero val ue, then both sides
are rendered. It is swtched atonaticdly onif the Rdfile Seder is
at ached to the prinntive

HERM TLEAF: defines a prinitive consisting of Hernit splines. sed as a
nodel for |eaves.

Par anet er s:

Tz, TX, Vox, Moz, Mt x, \t z, Wx, Wy, Wz, Wx, Wy, Wz: these paraneters
are better underst andabl e on the schene:

A=A o W = e 0 ey
il a . L
" =] =|:".i."-:u:n..".'." -:-],r,".'."-:\c:j‘n.l'-:t =Nl )0 W z'j
by

i

l=f=idexpline

rid ht=id= plinz

roidd le2pline

L s

The spline patch is mrror synmetric wth respect tothe Y=0 dae It is dfind
by three spline curves: the mdd e and two side splines (wich are symmetric).
The surface is a snooth blend between | ef t and nmiddl e, and between right and
ndd e spli nes.

Because of the synmetry we can define only the mddle and the left side sdire
Each spline requires two t angent vectors to be defined  The statimgpart is
awvays (0,0,0), the terminal point has coordnates (Tx, 0, ™. The Y conponent
=0 because of the synmetry.

Left sk sdinetangent vectors are denoted W and W (st arting paint and the
termnal point respectively). W have: W = (Wx, Wy, Wz), and W = (WK,
Wy, Wz).

For the mmdd e spine the t angent vectors are Vo and M. Because of the sym
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netry: Vo = (Mox, 0 Vaz), ad M = (Mx 0 M2).

This prinitive alovs to define quite wde range of leaves. The Rrofil e Shader
alows to add newdet alstothe aignd suface

FILL: creates avduefill effexs like 3Dar brush or need es of pines ad
Spr uces.

Par anet er s:
fillType: sdect s the type o € fat:
0 swtchesdl efadsdf
1 ar brush
2 spruce needl es
3 pine need es.

air brush: voxels are randonhy placed in the eliptic vd une defined by
scd es dong the Tutle ais.

spruce needl es: lines are ddam  These lines radiates fromthe spline
segnent, the angl e between the line and the spline segnent is defined
by the angle paraneter. The length of the segnent is defined by the
length paraneter. The tension dfet s the spline segnent as inthe LINE
pintive The length of needesis 1inthe scae dongthe X ais.

pine needl es: lines are radaing fromone paint. The angle of the cone
raster is defined by the ang e paraneter. The length paraneter controls
the length of need es.

density: defines the nuniber of volune fill el enents (vods o lires).
angl e: works only wth pine and spruce needles  see above.

seed: assigns the val ue to the randomseed of random nunbers genera-
tor.

length: works only wth pine and spruce needles see above.

tension: works only wth spruce needles see above.

TAPE: apintive sinilar tothe segnet of the filmt g The st arting edge of
tretapeis thelire cut from(0, L,0) to (0,40 inthelocad coordnetes of the tur -

tle The ending edge is the sane |ine segnent for the next position of the turtle
Sde edges are splines.
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Par anet er s:
length: the length o the primtive
tension: cotrds spires.
twoSi ded: if nonzero then forced to be two-sided Defaut is 1

MATERI AL: assigs the naterid to dl primtives wich fdlovthe MATERI AL
intruition . The next MATERI AL overrides the previ ous.

Par anet er s:

file: the nane of the resource file (see binary *.shd files in MATERI ALS
dreday). You can create nateria resource file fromthe L-Qyects ed -
to.

resource: the nane of the resource in the resource file.

Both nanes nust be encl osed in quotes.

BACK_MATERI AL: assigns nateria for back sides of HERM TLEAF and
TAPE prinitives. Wrrks as the MATERI AL irstruction

Paranet er s:

file, resource: are sane as in the MATERI AL case.

Bult-in functions and Qnst at s
Qonst at s
R =34..,
LONG_MAX = naxi nal LONG i n the system
Functi ons
RANDOMnin val ue, nax_val ue) : returns randomnuniers unifornhy distrib-
uted in the range (nn val ue, nax val ue).
Uhary functions are quite st andard:
ABS: returns the absol ute val ue of the argunent

SIAN reurs-1if the aguert is megetive +Lif it ispsitivead Oif it is
zero.

SQRT: retuns square root of the argunent if it is positive ad O atherwse.

9N returns sine of the argunent
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CCs: returns cosine of the argunent

ASN  returns arcsine of the argunent

ACOS: returns arccosi nus of the argunent

TAN returrs t angent of the argunent

ATAN  returms arct angent of the argunent
COTAN returns cat angent of the argunent

EXP: returns exponent of the argunent

LN returns a natural | ogarithmof the argunent

If the argunent does not belong to the definition donain of the function, then O
value is returned, as inthe case of negative argunent for SQRT.

Warningg no runtine error reports are generated!
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L- OBJECTS PROGRAMM NG ENVI RONMENT
Debuggi ng L-obj ect s

Debuggi ng features of L-(yjects are cotrdled by the AVB. IN file

The first festure avaladeinthe curet versionis the possibility to creste a
dunp file wth the paranetric word derived during the rewiting process. It hes
the sane nane as the nain file wth the current L-Qyject and the extensi on

.Tep.

Change the Generat eLChj ect Report parangter to YESin AVBB.IN to swtch on
the reporting functi on

Warning: Report files are rather bigl Do not forget to swtch the option off
laer, otherwse your disk wil fill up.

A'so you can contra the naxinal depth of recursion. This can hdptofind the
erroneous recursive cals in L-obect s producti ons.

fssignasnall vaue like 4 of 5tothe MaxRecursi onDepth parangter in
AVBIN. If the specified depth wil be reached, the nessage wll appear wth
the nane of production (the MEMBER nang) where it happened.

Because of exponential groanh of dat a vol une in recursive al gorithns you need
to be careful while using recursive definitions. Qherwse songtines you can
occasional |y create nonstrously hig object s

You are encouraged to gai n experience nodifyi ng exanpl es whi ch cone on the
World Builder (D RM

L-Opject s conpiler repart s

The L-(pject s conpi ler report s onthe fdlowng erras:

( expected: Lef t bracket expected.

) expected: No pairing rigt bracket inthe arithnetic expressi on

, expected: A comma expect ed.

: expected: A col on expect ed.

}  expected The { } conment af ter the oject nane declaration is naot
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cl osed properly.
= expect ed: Mist be assi gnnent here.
file=... expected: The | MPORT synd requires file paraneter.

OF expect ed: The key word OF is missing
" expect ed: String expression encl osed in quat ations nust appear here.

can not eval uate const: You can not use arithnetic expressions in the
PARAMETERS section

drada irgit ance: The inherit ance graph can not have cycles. For
exanple, Acannat interit Bif Bdready inherits A

conpari son expect ed: Conmparison mssed af te IF key word.

CONSTRUCTOR expect ed: Mist never occur, since a costructar is
gxiod.

dupl i cated nane: You used the sane nane for another paraneter inside one
syniol .

END expected: The object or nenter definitionis not closed properly.
ENDI F expected: You dd nat close IF section properly.
identifier expected Here nust be an identifier.

IF o ALWAYS expected: Redicate is nmissing.

invalid expressi on: Invalid arithnetica expressi on

invid fidd nene The nane of paramster wthaprefixisinaid
invaid functi on nane: No such bui lt-in function.

invdid string i ndex You are addressing to the string wiich is not present

inthesrigtade It canhgopen oy if you cdcuae the vdue of the string
paraneter and can never occur if you use string const at s

IS expect ed: The key word ISis mssing
isnat anl-vduwe here The | &f t part of assignnent is wong.

ME MB E R expect ed: Mnfoers definitions nust fol l oweach other and
nust be opened wth the MEMBER key word.
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