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Mos t  CAD app l i ca t i ons  p rov i de  p rog ramming  l anguages  f o r  au toma t i on  and 

gene ra t i ve  des i gn .  Howeve r,  p rog rams  w r i t t en  i n  t hese  l anguages  a re  no t  po r t ab l e 

because  t hey  execu te  on l y  i n  t he  f am i l y  o f  CAD app l i ca t i ons  f o r  wh i ch  t hey 

we re  o r i g i na l l y  w r i t t en .  Consequen t l y,  use r s  a re  l ocked- i n  t o  one  f am i l y  o f  CAD 

app l i ca t i ons  and  t hey  canno t  r euse  p rog rams  w r i t t en  f o r  o t he r  f am i l i e s .

I n  t h i s  pape r,  we  p ropose  a  so l u t i on  t o  t h i s  p rob l em:  Rose t t a ,  a  p rog ramming 

env i r onmen t  t ha t  i s  compa t i b l e  w i t h  seve ra l  CAD app l i ca t i ons .  Rose t t a  i s  composed 

o f  ( 1 )  an  abs t r ac t i on  l a ye r  t ha t  a l l ows  po r t ab l e  and  t r anspa ren t  access  t o  seve ra l 

d i f f e r en t  CAD app l i ca t i ons ;  ( 2 )  back -ends  t ha t  t r ans l a t e  t he  abs t r ac t i on  l a ye r 

i n t o  d i f f e r en t  CAD app l i ca t i ons ;  ( 3 )  f r on t -end  p rog ramming  l anguages  i n  wh i ch 

use r s  w r i t e  t he  gene ra t i ve  des i gn  p rog rams ;  and  (4 )  an  i n t e rmed i a t e  p rog ramming 

l anguage  t ha t  encompasses  t he  l anguage  cons t r uc t s  essen t i a l  f o r  geome t r i c 

mode l i ng  and  t ha t  i s  used  as  a  comp i l a t i on  t a rge t  f o r  t he  f r on t -ends .

Rose t t a  a l l ows  use rs  t o  exp lo re  d i f f e r en t  f r on t -ends  and  back -ends ,  i n  o rde r  t o 

f i nd  a  comb ina t i on  t ha t  i s  mos t  su i t ab l e  f o r  t he  p rob l em a t  hand .  As  a  r esu l t ,  use r s 

have  access  t o  d i f f e r en t  p rog ramming  l anguages ,  name l y,  v i sua l  and  t e x t ua l , 

wh i ch  can  be  used  i n t e rchangeab l y  t o  w r i t e  gene ra t i ve  des i gn  p rog rams ,  w i t hou t 

b reak i ng  po r t ab i l i t y.  Fu r t he rmo re ,  Rose t t a  ensu res  t ha t  a  s i ng l e  p rog ram can  be 

used  to  c rea te  i den t i ca l  geome t r i c  mode l s  i n  d i f f e r en t  CAD app l i ca t i ons .  Th i s 

app roach  p romo tes  t he  deve lopmen t  o f  p rog rams  t ha t  a r e  po r t ab l e  ac ross  t he 

mos t  used  CAD app l i ca t i ons ,  t hus  f ac i l i t a t i ng  t he  d i ssem ina t i on  o f  t he  p rog rams 

and  o f  t he  unde r l y i ng  i deas .
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Figure 1.  Perforated Hollow Sphere program in 

Rosetta using the Racket programming language 

and the Rhinoceros 3D back-end

Fig. 1

integrative tools and techniques

1	 Introduct ion

Po r t ab i l i t y  i s  a  so f twa re  r equ i r emen t  o f  t he  u tmos t  impo r t ance  because  i t  i s  a 

key  f ac to r  f o r  so f twa re  r euse .  So f twa re  r euse  i s  a  common  p rog ramming  p rac t i ce 

t ha t  i nc reases  no t  on l y  t he  p roduc t i v i t y  o f  t he  so f twa re  deve lopmen t  p rocess ,  bu t 

a l so  t he  qua l i t y  o f  t he  so f twa re  i t se l f .  Mo reove r,  so f twa re  r euse  i s  t he  key  su r v i v a l 

f ac to r  f o r  sma l l  and  med ium-s i zed  p rog rammer  commun i t i e s .

Fo r  examp le ,  t he  Pe r l  p rog ramming  l anguage  i s  suppo r t ed  by  an  on l i ne  co l l ec t i on 

o f  so f twa re  and  documen ta t i on  ca l l ed  t he  Comprehens i ve  Pe r l  A rch i ve  Ne two rk 

(CPAN ) .  Th rough  CPAN,  Pe r l  use r s  have  access  t o  t ens  o f  t housands  o f 

modu les  t ha t  cove r  p r ac t i ca l l y  e ve r y  t ask  t hey  m igh t  t h i n k  o f .  CPAN re l i e s  on  t he 

con t r i bu t i ons  o f  t he  Pe r l  commun i t y  and  i t  i s  one  o f  t he  r easons  f o r  t he  success 

o f  Pe r l .  The  Au toL ISP  commun i t y  i s  ano the r  examp le :  t he re  a re  t housands  o f 

Au toL ISP  sc r i p t s  a va i l ab l e  on  t he  I n t e rne t  t ha t  Au toCAD use rs  can  use  t o  speed 

up  t he i r  des i gn  t asks .

I n  add i t i on ,  po r t ab i l i t y  and  r eusab i l i t y  a r e  qua l i t i e s  t ha t  a l l ow  so f twa re  t o  adap t 

t o  new env i r onmen ts .  Fo r  examp le ,  cons ide r  t he  se t  o f  p rog rams  w r i t t en  i n 

Rh i noSc r i p t ,  t he  p rog ramming  l anguage  o f  Rh i noce ros  3D .  These  p rog rams  m igh t 

become  use l ess  i f  Rh i noce ros  3D  rep l aces  Rh i noSc r i p t  w i t h  ano the r  p rog ramming 

l anguage .  I n  t h i s  scena r i o ,  use r s  have  two  op t i ons :  e i t he r  d i sca rd  t he  Rh i noSc r i p t 

p rog rams  o r  r ew r i t e  t hem i n  a  suppo r t ed  p rog ramming  l anguage .  Un fo r t una te l y, 

bo th  op t i ons  a re  i nadequa te .

Even  t hough  t he re  a re  many  CAD app l i ca t i ons ,  t he  f ac t  r ema ins  t ha t  p rog rams 

w r i t t en  i n  t he  p rog ramming  l anguage  o f  a  pa r t i cu l a r  CAD app l i ca t i on  a re  no t 

po r t ab l e  ac ross  t he  ma jo r i t y  o f  o t he r s .  Th i s  s t r ong  coup l i ng  be tween  a  p rog ram 

and  a  CAD app l i ca t i on  i s  no t  on l y  dange rous  t o  t he  su r v i v a l  o f  t he  p rog ram i t se l f , 

i t  a l so  damages  t he  so f twa re  p rocess  p roduc t i v i t y,  t he  so f twa re  qua l i t y  and  t he 

commun i t i e s .

I n  o rde r  t o  add ress  t h i s  p rob l em,  we  p ropose  Rose t t a ,  a  p rog ramming  env i r onmen t 

t ha t  ( 1 )  i s  spec i f i ca l l y  t a i l o r ed  f o r  gene ra t i ve  des i gn ,  ( 2 )  i n t eg ra tes  w i t h  d i f f e r en t 

CAD app l i ca t i ons ,  and  (3 )  accommoda tes  d i f f e r en t  p rog ramming  l anguages .

I n  t he  r es t  o f  t h i s  pape r,  we  exp l a i n  t he  imp lemen ta t i on  o f  Rose t t a  and  we  i l l u s t r a t e 

i t s  use  w i t h  examp les  f r om gene ra t i ve  des i gn .  F i na l l y,  we  eva l ua te  Rose t t a ,  we 

compa re  i t  w i t h  s im i l a r  app roaches  and  we  p resen t  t he  conc l us i ons .

2	 Rosetta

Prog rams wr i t t en  i n  the  p rog ramming  l anguages  p rov ided  by  CAD app l i ca t i ons  su f fe r 

f rom po r tab i l i t y  i ssues .  I n  o rde r  to  ove rcome th i s  d i f f i cu l t y,  we  have  been  deve lop ing 

Rose t ta ,  a  f l ex ib le  and  ex tens ib le  p rog ramming  env i ronment  tha t  connec ts  f ron t -

end  p rog ramming  l anguages  ( f ron t -ends )  and  back-end CAD app l i ca t i ons  (back-

ends ) .  The  f ron t -ends  rep resen t  the  p rog ramming  l anguages  i n  wh ich  use rs  wr i t e 

the  gene ra t i ve  des ign  p rog rams.  The  back-ends  rep resen t  the  mode l i ng  ta rge t ,  i n 

wh ich  the  geomet r i c  mode ls  tha t  resu l t  f rom the  gene ra t i ve  des ign  p rog rams a re 

c rea ted .  (F igure  1 )  i l l us t ra tes  Rose t ta  w i th  the  Racke t  p rog ramming  l anguage  and 

the  Rh inoce ros  3D back-end c rea t i ng  a  pe r fo ra ted  ho l l ow sphe re .

The  loose  coup l i ng  be tween  the  f ron t -ends  and  back-ends  g i ves  use rs  the  f l ex ib i l i t y 

to  exp lo re  d i f f e ren t  comb ina t ions .  Fo r  examp le ,  one  use r  can  wr i t e  a  gene ra t i ve 

des ign  p rog ram in  Au toL ISP and  choose  Rh inoce ros  3D as  mode l i ng  ta rge t ,  wh i l e 

ano the r  use r  can  choose  JavaScr ip t  as  f ron t -end  and  Au toCAD as  back-end.  On 

the  o the r  hand,  Rose t ta  i s  ex tens ib le  i n  the  sense  tha t  i t  a l l ows  new f ron t -ends  and 

back-ends  to  be  p lugged- in  to  the  p rog ramming  env i ronment ,  w i thou t  b reak ing  the 

po r tab i l i t y  w i th  ex i s t i ng  p rog rams.

In  o rde r  to  accommodate  bo th  f l ex ib i l i t y  and  ex tens ib i l i t y  i n  the  same a rch i tec tu re , 

we  de f i ned  an  abs t r ac t i on  l a ye r,  wh i ch  r ep resen t s  t he  App l i ca t i on  P rog ramming 
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I n t e r f ace  (AP I )  o f  t he  p rog ramming  env i r onmen t ,  and  an  i n t e rmed i a t e  p rog ramming 

l anguage  ( I PL ) ,  wh i ch  p rov i des  t he  co re  l anguage  cons t r uc t s  essen t i a l  f o r 

geome t r i c  mode l i ng .  When  comb ined ,  t he  abs t r ac t i on  l a ye r  and  t he  I PL  es t ab l i sh 

a  commun ica t i on  p ro toco l  be tween  t he  f r on t -ends  and  t he  back -ends .

The  r es t  o f  t h i s  sec t i on  i s  ded i ca ted  t o  exp lo r i ng  t he  a fo remen t i oned  componen ts 

o f  t he  a rch i t ec tu re  i n  f u r t he r  de ta i l ,  name l y,  t he  abs t r ac t i on  l a ye r,  t he  I PL ,  and  t he 

f r on t -ends /back -ends .

2 .1 	 ABSTRACTION LAYER

The abstract ion layer encompasses the funct ional i ty common to CAD appl icat ions, 

which includes (1) shape constructors, the procedures to create geometr ic shapes, 

namely, c i rc les and boxes; and (2) t ransformat ions, the procedures that apply geometr ic 

t ransformat ions, including, t ranslat ions, lof ts, extrusions, and sweeps.

In order to understand the re levant shape constructors and transformat ions for generat ive 

design, several  CAD appl icat ions were surveyed and the resul ts were general ized in 

order to accommodate the most used CAD appl icat ions.

2.2	 INTERMEDIATE PROGRAMMING LANGUAGE

The IPL is the compi lat ion target of the f ront-ends, but i t  can also be used direct ly to 

wr i te generat ive design programs. This language is an extension to Racket, a dia lect of 

the Scheme programming language (Kelsey 1998). The IPL is supported by DrRacket, 

a pedagogic programming envi ronment sui table for the development of programming 

languages (F indler 2002; F lat t  1999).

Because the IPL is used as a compi lat ion target for the f ront-ends, the main focus of th is 

language is to provide the core funct ional i ty essent ia l  for generat ive design. Therefore, 

certa in l inguist ic features, such as presentat ion ( i .e.,  syntax),  are not addressed by th is 

language. In fact,  because the presentat ion is such an important aspect of a language 

and there are several  possible syntaxes, including v isual and textual  ones, the only way 

to accommodate al l  possibi l i t ies is to defer the choice of the presentat ion to the f ront-

ends, whi le mainta in ing an abstract syntax in the IPL. The need for an abstract syntax 

is one of the reasons for support ing the choice of Racket as a start ing point for the IPL.

By using the IPL, e i ther di rect ly or as a compi lat ion target, generat ive design programs 

can be executed, generat ing the appropr iate geometr ic models in the CAD appl icat ion 

of choice. As part  of i ts execut ion, the program generates internal ly a scene graph 

which represents the structure of the geometr ic models to be drawn, including thei r 

re lat ionships and transformat ions (Döl lner 2000). Before feeding the scene graph into 

the CAD appl icat ion, several  t ransformat ions and opt imizat ions are performed to adapt 

the scene graph to the requirements of that part icular CAD appl icat ion.

2.3	 FRONT-ENDS / BACK-ENDS

The f ront-ends are the programming languages in which users wr i te the generat ive 

design programs. Users accustomed to the Scheme language wi l l  feel  at home 

using di rect ly the IPL, but those who prefer something di f ferent might appreciate the 

di f ferent languages that can be used on the f ront-end, both textual  and v isual.  After 

surveying the programming language landscape through the generat ive design pr ism, 

we selected a representat ive subset: AutoLISP, Processing, and JavaScr ipt.  In order to 

accommodate both textual  and v isual presentat ions, we also considered Grasshopper 

and Generat iveComponents. We plan to provide emulat ion for these languages and we 

al ready have prel iminary vers ions for three di f ferent f ront-ends, namely, RosettaFlow, 

Rosetta AutoLISP and Rosetta JavaScr ipt.  The rest of th is sect ion is dedicated to 

expla in ing these f ront-ends.

RosettaFlow is a v isual  programming language inspired in Grasshopper and Generat ive 

Components. Simi lar ly to Grasshopper, RosettaFlow represents a generat ive design 

program as a data f low diagram, in which an operat ion is represented by a box and data 

f low is represented by a connector between boxes. This appl icat ion al lows the user to 
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descr ibe the generat ive design program visual ly and automat ical ly generate the code in 

the IPL. The generated code is then executed in Rosetta and the geometr ic models are 

created in the CAD appl icat ion of choice.

Rosetta AutoLISP and Rosetta JavaScr ipt are textual  f ront-ends that fa i thfu l ly implement 

the syntax and semant ics of AutoLISP and JavaScr ipt,  respect ively, using normal ized 

model ing pr imit ives. The main purpose of these f ront-ends is to att ract the large 

community of designers that learned and used these languages in the past and to 

s impl i fy thei r  t ransi t ion to Rosetta.

Where back-ends are concerned, we have implemented two, namely, for AutoCAD and 

Rhinoceros 3D, and we plan to implement more. Given that the back-ends are highly 

dependent both on the API provided by the CAD appl icat ion and on the communicat ion 

f ramework used to access that API,  i t  is not expected that each of the current ly 

implemented back-ends provides the same coverage over the corresponding CAD 

appl icat ion.  

3	 Evaluat ion /  Results

In th is sect ion, we perform the evaluat ion of Rosetta and i ts main components, resort ing 

to examples of generat ive design programs.

3.1	 ROSETTA PROGRAMMING ENVIRONMENT

Rosetta has been successful ly used for the development of several  d i f ferent generat ive 

design programs wr i t ten in Racket, AutoLISP, JavaScr ipt,  and RosettaFlow. In th is paper 

we i l lustrate only a few examples.

The DrRacket programming envi ronment, in which Rosetta is based, has been 

instrumental  in th is development ef fort  by providing the edi tor wi th the typical  features 

required for programming, including syntax highl ight ing and text formatt ing, a l lowing 

the debugger to quickly ident i fy the cause and the locat ion of programming errors, and 

the l istener has been a fundamental  tool  for incremental  development and interact ive 

test ing.   This a l lows us to quickly exper iment with generat ive design programs with 

di f ferent combinat ions of parameters.

3.2	 ABSTRACTION LAYER

As ment ioned before, the shape constructors and transformat ions def ined in the 

abstract ion layer resul t  f rom a general izat ion of the funct ional i ty common to the most 

used CAD appl icat ions. Using the API provided in the abstract ion layer to wr i te programs 

is the key factor for v i r tual iz ing the di f ferent back-ends, resul t ing in portable generat ive 

design programs. Nevertheless, the def in i t ion of th is abstract ion layer prevents the use 

of any CAD-speci f ic funct ional i ty,  making i t  impossible to wr i te portable programs that 

take advantage of that funct ional i ty.

With th is s i tuat ion in mind, we provide a choice: users can ei ther wr i te portable programs 

using the API def ined in the abstract ion layer or they can take advantage of CAD-speci f ic 

funct ional i ty.  The lat ter choice may resul t  in programs that are not portable, however, i t 

makes Rosetta avai lable to a broader audience of Designers.

3.3	 INTERMEDIATE PROGRAMMING LANGUAGE

Since the f ront-ends use the IPL as a compi lat ion target, i t  is possible to wr i te programs 

that contain modules wr i t ten in di f ferent programming languages. For the user of a 

module i t  is not re levant to know in which language i t  was wr i t ten but only how to use 

the exported funct ional i ty.  This a l lows a s igni f icant f reedom both to the module wr i ter as 

wel l  as to the module user.

3.4	 SEMANTIC DIFFERENCES IN BACK-ENDS

Even  though  the re  i s  an  abs t rac t ion  l aye r  tha t  a l l ows  t ranspa ren t  access  to  seve ra l 

CAD app l i ca t i ons ,  these  app l i ca t i ons  s t i l l  p resen t  semant ic  d i f f e rences .  Fo r 
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example, a sol id sphere in AutoCAD is the space enclosed by the sphere surface, whereas, 

the same sphere in Rhinoceros 3D is simply the spherical surface. This difference has 

very important consequences: for example, in AutoCAD, the subtraction of two concentric 

spheres of different radius results in a hol low sphere, whereas, in Rhinoceros 3D, the same 

operation results in an error because the two spherical surfaces do not intersect. In order 

to solve these problems, each back-end understands the l imitat ions of the corresponding 

CAD application and provides ways around those l imitat ions. As an example, reconsider 

the shape in Figure 1. This object can be produced by subtracting cones from a hol low 

sphere. However, when using the Rhinoceros 3D back-end, Rosetta delays the creation 

of the hol low sphere unti l  one of the cones perforates a hole in the outer sphere. This 

reordering of operations is automatical ly done by Rosetta, by application of algebraic rules, 

in order to correctly generate the intended f inal shape.

3.5	 AUTOCAD AND RHINOCEROS 3D BACK-ENDS

As an example of the use of the AutoCAD back-end, consider the Sphere Cloud program 

and the Shelter program.The Sphere Cloud program creates a number of randomly 

posit ioned spheres inside a spherical region. Figure 2 i l lustrates the interaction between 

the JavaScript front-end and the AutoCAD back-end. The main function, “sphere-cloud”, 

is ful ly parameterized, such that it is possible to specify the number of spheres inside the 

spherical region, as well as the minimum and maximum radii for the spheres and the radius 

for the spherical region.

The Shelter program subtracts a sphere from a set of tubes placed in an orthogonal grid 

layout. Figure 3 i l lustrates the execution of this program.

Because Rosetta focuses on the portabi l i ty of i ts programs, we show that the same 

programs that generated the Sphere Cloud and the Shelter models in AutoCAD generate 

the exact same models in Rhinoceros 3D (Figures 4, 5). I t should be noted that Figure 2 

represents the Shelter program in JavaScript, while Figure 4 represents the semantical ly 

equivalent program in Racket.

3.6	 ROSETTA AUTOLISP

AutoLISP is one of the most used programming languages in generative design. However, 

this language has a few shortcomings which we have overcome in our implementation for 

the Rosetta programming environment. For example, one of the most frequent mistakes is 

to accidental ly misspell the name of some variable or function, but AutoLISP treats the use 

of undefined names as automatical ly bound to a default value, meaning that it wi l l  si lently 

accept the mistake. Usually, something wil l  go wrong, but in general i t wi l l  not be easy for 

the user to understand the cause of the error. In this regard, the syntax checker and the 

static debugger provided by Rosetta wil l  immediately point out to the user the cause of the 

error even before running the program.

Other similar problems that are automatical ly (and statical ly) detected by Rosetta AutoLISP 

include syntax errors, wrong number of arguments to function cal ls, and a subset of type 

errors.

3.7	 ROSETTAFLOW

Our implementation of RosettaFlow is sti l l  in the early stages of development. The purpose 

of this prototype is to demonstrate the capabil i t ies of Rosetta in incorporating not only 

textual but also visual programming languages. At the moment, RosettaFlow presents a 

very simple interface and a small set of operations, but we plan to extend it with more 

functional ity. Nevertheless, RosettaFlow is ful ly functional and integrated with Rosetta. As 

an example, consider Figure 6 which i l lustrates the schematic representation of the Sphere 

Cloud program. Due to the size of the visual program, only a fragment is i l lustrated.

One impor tan t  f ea tu re  o f  Rose t taF low p rog rams i s  tha t  they  a re  comp i l ed  to  the  IPL 

and  execu ted  i n  D rRacke t .  A t  the  moment ,  the  execu t ion  work f l ow o f  Rose t taF low 

requ i res  manua l  i n te r ven t ion  to  comp i l e  and  execu te  the  gene ra ted  p rog ram,  bu t  we 

in tend  to  au tomate  th i s  p rocess .
Figure 2.  Sphere Cloud program in Rosetta using the 

JavaScript front-end and the AutoCAD back-end

Fig. 2
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Figure 3.  Shelter program in Rosetta using the 

Racket programming language and the AutoCAD 

back-end

Fig. 3
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4	 Related work

I n  th i s  sec t ion ,  we  p resen t  o the r  p rog ramming  env i ronments  tha t  se r ved  as 

i nsp i ra t i on  to  Rose t ta .

4.1 	 VISUALSCHEME

V isua lScheme i s  a  CAD p rog ramming  l anguage  (Le i t ão  2010 )  tha t  env i sages 

a  pedagog ica l  app roach  to  p rog ramming  and  i t s  i n teg ra t i on  i n  the  a rch i tec tu re 

cu r r i cu lum.  Fo l l ow ing  a  se r i es  o f  pedagog ica l  s tud ies  (Chen  1992;  Be rman 1994; 

Fe l l e i sen  2002,  2004;  Marceau  2011 ) ,  V i sua lScheme re l i es  on  the  Scheme 

p rog ramming  l anguage  as  a  teach ing  too l  fo r  an  aud ience  w i thou t  a  backg round in 

Compute r  Sc ience .

Rose t ta  i s  a  d i rec t  descenden t  o f  V i sua lScheme,  ma in ta in ing  the  same pedagog ica l 

conce rns ,  bu t  w i th  a  d i f f e ren t  app roach .  We s t i l l  de fend  the  use  o f  Scheme fo r 

the  gene ra l  aud ience  o f  Des igne rs  tha t  do  no t  have  a  backg round in  Compute r 

Sc ience .  Howeve r,  we  inc lude  add i t i ona l  p rog ramming  l anguages  fo r  those  who 

have  p rog ramming  expe r ience ,  so  tha t  they  can  choose  the  one  tha t  i s  mos t 

su i t ab le  fo r  the i r  p rog ram.  As  a  resu l t ,  CAD app l i ca t i ons  no  longe r  impose  the 

p rov ided  p rog ramming  l anguage  to  the i r  use rs .  O the r  bene f i t s  i nc lude  the  au tomat ic 

compat ib i l i t y  o f  the  chosen  l anguage  w i th  the  p rog ramming  env i ronment  and  the 

po r tab i l i t y  o f  the  p rog rams wr i t t en  i n  i t .

4.2 	 GRASSHOPPER AND GENERATIVE COMPONENTS

Grasshopper  and  Genera t i ve  Componen ts  a re  v i sua l  app roaches  to  gene ra t i ve 

des ign .  These  l anguages  have  a  v i sua l  syn tax  and  use rs  c rea te  p rog rams us ing 

boxes ,  wh ich  rep resen t  ope ra t i ons ,  and  connec to rs ,  wh ich  rep resen t  da ta  f l ow. 

These  v i sua l  p rog ramming  l anguages  make  i t  eas ie r  to  avo id  e r ro rs  assoc ia ted 

w i th  wr i t i ng  code  in  tex tua l  fo rm.  Howeve r,  comp lex  p rog rams tend  to  be  ve r y  l a rge 

g raphs  tha t  a re  ha rd  to  read  and  unde rs tand ,  and  even  ha rde r  to  ma in ta in .

Grasshopper  p resen ts  no t  on l y  w i th  an  appea l i ng  i n te r f ace  bu t  a l so  w i th  a  r i ch  se t 

o f  geomet r i c  func t ions  wh ich  ope ra te  t r anspa ren t l y  w i th  va lues  and  l i s t s  o f  va lues . 

Fo r  examp le ,  the  t r ans la t i on  ope ra t i on  can  be  used bo th  on  a  s ing le  sphe re  and 

on  a  l i s t  o f  sphe res .  Th is  t r anspa ren t  mapp ing  o f  ope ra t i ons  ove r  mu l t i p le  va lues 

a l l ows  fo r  sepa ra t i ng  the  cha in  o f  ope ra t i ons  f rom the  i npu t  va lues ,  such  tha t  the 

same p rog ram tha t  i s  used  fo r  t r ans fo rm ing  a  s ing le  shape  can  a l so  be  used fo r 

mu l t i p le  shapes .

Neve r the less ,  th i s  l i ngu is t i c  fea tu re  may  resu l t  i n  d i f f i cu l t  seman t ics .  Fo r  examp le , 

us ing  the  add i t i on  ope ra t i on  f rom Grasshopper,  use rs  can  choose  d i f f e ren t  da ta 

ma tch ing  s t ra teg ies  fo r  the  i npu t  va lues ,  wh ich  i nc lude  sho r tes t  l i s t ,  l onges t  l i s t 

and  c ross  re fe rence .  These  s t ra teg ies  i n t roduce  con fus ing  semant ics  and  may  l ead 

to  p rog ram de fec ts .  We a re  cu r ren t l y  s tudy ing  a  way  o f  i n t roduc ing  th i s  l i ngu is t i c 

fea tu re  i n  Rose t ta  wh i l e  avo id ing  the  need fo r  da ta  ma tch ing  s t ra teg ies .

Wh i l e  Grasshopper  ma in l y  uses  the  v i sua l  rep resen ta t i on  o f  the  gene ra t i ve  des ign 

p rog ram and the  geomet r y  d i sp layed  in  the  sc reen ,  Gene ra t i veComponen ts  (GC) 

uses  d i f f e ren t  rep resen ta t i ons  fo r  the  same p rog ram,  i nc lud ing  v i sua l  and  tex tua l 

ones  (Menges  2010 ) .  These  rep resen ta t i ons  comp lement  each  o the r  and  a re  l i nked , 

such  tha t  changes  i n  one  rep resen ta t i on  a re  p ropaga ted  to  the  o the rs .  Moreove r,  GC 

i s  used  no t  on l y  to  c rea te  geomet r y  bu t  a l so  to  imp lement  seve ra l  o the r  p rocesses 

re l a ted  to  a rch i tec tu re  and  c i v i l  eng inee r i ng ,  such  as  measu rement ,  eva lua t ion , 

con f i gu ra t i on  and  f ab r i ca t i on .  A t  t he  momen t ,  t he  pu rpose  o f  Rose t t a  i s  t o  deve lop 

gene ra t i ve  des i gn  p rog rams ,  so  t he  f ocus  w i l l  r ema in  on  p roduc i ng  geome t r i c 

mode l s ,  l eav i ng  o the r  p rocesses  t o  be  suppo r t ed  by  t he  CAD app l i ca t i ons  used 

as  back -ends .  Fu r t he rmo re ,  i t  i s  poss ib l e  t o  have  d i f f e r en t  r ep resen ta t i ons  o f  t he 

same  p rog ram i n  Rose t t a .  Examp les  o f  t hese  r ep resen ta t i ons  i nc l ude  Rose t t aF l ow 

and  t he  I PL .  These  r ep resen ta t i ons  a re  a l so  l i n ked ,  such  t ha t  i t  i s  poss ib l e  t o 

au toma t i ca l l y  gene ra te  t he  I PL  code  o f  a  Rose t t aF l ow  p rog ram.
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4 .3 	 PROCESSING

Process i ng  (Reas  2007 )  i s  a  p rog ramming  l anguage  and  env i r onmen t  spec i a l i z ed 

f o r  t he  p roduc t i on  o f  images ,  an ima t i ons  and  i n t e r ac t i ons .  I n i t i a l l y  des i gned  f o r 

s ke tch i ng ,  i t  has  g rown  to  become  a  p ro f ess i ona l  t oo l .  The  l anguage  i s  a  s imp l i f i ed 

ve r s i on  o f  Java  and  i s  capab le  o f  gene ra t i ng  app l e t s  f o r  Java -enab l ed  b rowse rs  o r 

s t anda lone  app l i ca t i ons  t ha t  r un  on  t he  ma jo r  ope ra t i ng  sys tems .

Rose t t a  d i f f e r s  f r om P rocess i ng  i n  t ha t  i t  i s  no t  r es t r i c t ed  t o  a  s i ng l e  f r on t -end 

l anguage  and  was  des i gned  to  i n t eg ra te  we l l  w i t h  CAD app l i ca t i ons .  Th i s  i s  a 

d i r ec t  consequence  o f  t he  dec i s i on  t o  t a rge t  a r ch i t ec tu r a l  wo r k  t ha t ,  nowadays , 

r e l i e s  c r i t i ca l l y  on  CAD app l i ca t i ons .  Howeve r,  we  p l an  t o  i nc l ude  a  ded i ca ted 

f r on t -end  t ha t  emu l a t es  t he  P rocess i ng  l anguage  so  t ha t  a r ch i t ec t s  a l r eady  used 

to  P rocess i ng  can  eas i l y  m ig r a t e  t o  Rose t t a .

5	 Conclusions

We have  shown  t ha t  po r t ab i l i t y  i n  gene ra t i ve  des i gn  p rog rams  i s  a  ve r y  impo r t an t 

r equ i r emen t .  Un fo r t una te l y,  t he  cu r r en t  p rog ramming  env i r onmen ts  p rov i ded 

by  CAD app l i ca t i ons  do  no t  p romo te  po r t ab l e  p rog rams .  I n  o rde r  t o  so l ve  t h i s 

p rob l em,  we  p ropose  Rose t t a ,  a  p rog ramming  env i r onmen t  t ha t  i n t eg ra tes  seve ra l 

p rog ramming  l anguages ,  i n  wh i ch  use r s  w r i t e  t he i r  p rog rams  w i t h  mu l t i p l e  CAD 

app l i ca t i ons ,  i n  wh i ch  t he  geome t r i c  mode l s  a re  c rea ted .  As  a  r esu l t ,  use r s  can 

exp lo re  d i f f e r en t  comb ina t i ons  o f  f r on t -ends  and  back -ends  i n  o rde r  t o  f i nd  t he 

one  t ha t  i s  mos t  su i t ab l e  f o r  t he i r  needs .  Mo reove r,  t hey  can  use  p rog rams  w r i t t en 

by  o the r  des i gne rs ,  poss ib l y  w r i t t en  f o r  a  d i f f e r en t  CAD app l i ca t i on  and  w i t h  a 

d i f f e r en t  l anguage .

By  p rov i d i ng  a  d i r ec t  connec t i on  be tween  a  chosen  l anguage  and  a  chosen  CAD 

app l i ca t i on ,  Rose t t a  d i spenses  w i t h  t he  e r r o r-p rone ,  manua l  m ig r a t i on  o f  mode l s 

be tween  d i f f e r en t  CAD app l i ca t i ons ,  t hus  imp rov i ng  t he  des i gne r ’s  wo r k f l ow.  Th i s 

wo rk f l ow  can  be  f u r t he r  s imp l i f i ed  by  t he  add i t i on  o f  spec i f i c  back -ends  ( e .g . ,  f o r 

pe r f o rmance  ana l ys i s ) .

We  a re  now cu r r en t l y  e va l ua t i ng  Rose t t a  w i t h  a  g roup  o f  a r ch i t ec tu re  s t uden ts 

t ha t  vo l un tee red  as  be ta - t es te r s .   I n  f u t u re  wo rk ,  we  p l an  t o  expand  Rose t t a  i n 

seve ra l  ways :  ( 1 )  t he  l i ngu i s t i c  cons t r uc t s  o f  t he  I PL ;  ( 2 )  t he  suppo r t ed  f r on t -

ends  and  back -ends  ( e .g . ,  P rocess i ng  and  Rev i t ) ;  and  (3 )  Rose t t aF l ow.  I t  i s  ou r 

i n t en t i on  t ha t  ou r  wo r k  c rea tes  an  on l i ne  commun i t y  o f  p rog rammers  i n  t he  a rea  o f 

gene ra t i ve  des i gn  i n  wh i ch  t hey  can  sha re  and  deve lop  so f twa re  i n  a  co l l abo ra t i ve 

f ash i on .

Figure 4.  Sphere Cloud program in Rosetta 

using the Racket programming language and the 

Rhinoceros 3D back-end

Fig. 4
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Figure 5.  Shelter program in Rosetta using the 

Racket programming language and the Rhinoceros 

3D back-end

Figure 6.  RosettaFlow schematic for the Sphere 

Cloud program

Fig. 5

Fig. 6
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