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Python 2.7.10 (default, Feb  7 2017, 00:08:15)  
[GCC 4.2.1 Compatible Apple LLVM 8.0.0 (clang-800.0.34)] on darwin 
Type "help", "copyright", "credits" or "license" for more information. 
>>>  
>>> def parse(string): 
...     size=len(string) 
...     newString ='' 
...     for i in xrange(0,size): 
...             c = string[(i+size-1)%size] + string[i] + string[(i+1)%size] #wrap around 
...             newString += productions[c] 
...     return newString 
...  
>>> def processInput(line, times): 
...     print line 
...     for i in xrange(1,times): 
...             line=parse(line) 
...             print line 
...  



>>> productions = { #Wolfram rule 30 
... '   ': ' ', 
... '  %': '%', 
... ' % ': '%', 
... ' %%': '%', 
... '%  ': '%', 
... '% %': ' ', 
... '%% ': ' ', 
... '%%%': ' ', 
... } 
>>>  
>>> processInput( 
... 
'                                                           %                                                          
',  
... 89) 
                                                           %                                                           
                                                          %%%                                                          
                                                         %%  %                                                         
                                                        %% %%%%                                                        
                                                       %%  %   %                                                       
                                                      %% %%%% %%%                                                      
                                                     %%  %    %  %                                                     
                                                    %% %%%%  %%%%%%                                                    
                                                   %%  %   %%%     %                                                   
                                                  %% %%%% %%  %   %%%                                                  
                                                 %%  %    % %%%% %%  %                                                 
                                                %% %%%%  %% %    % %%%%                                                
                                               %%  %   %%%  %%  %% %   %                                               
                                              %% %%%% %%  %%% %%%  %% %%%                                              
                                             %%  %    % %%%   %  %%%  %  %                                             
                                            %% %%%%  %% %  % %%%%%  %%%%%%%                                            
                                           %%  %   %%%  %%%% %    %%%      %                                           
                                          %% %%%% %%  %%%    %%  %%  %    %%%                                          
                                         %%  %    % %%%  %  %% %%% %%%%  %%  %                                         
                                        %% %%%%  %% %  %%%%%%  %   %   %%% %%%%                                        
                                       %%  %   %%%  %%%%     %%%% %%% %%   %   %                                       
                                      %% %%%% %%  %%%   %   %%    %   % % %%% %%%                                      
                                     %%  %    % %%%  % %%% %% %  %%% %% % %   %  %                                     
                                    %% %%%%  %% %  %%% %   %  %%%%   %  % %% %%%%%%                                    
                                   %%  %   %%%  %%%%   %% %%%%%   % %%%%% %  %     %                                   
                                  %% %%%% %%  %%%   % %%  %    % %% %     %%%%%   %%%                                  
                                 %%  %    % %%%  % %% % %%%%  %% %  %%   %%    % %%  %                                 
                                %% %%%%  %% %  %%% %  % %   %%%  %%%% % %% %  %% % %%%%                                
                               %%  %   %%%  %%%%   %%%% %% %%  %%%    % %  %%%%  % %   %                               
                              %% %%%% %%  %%%   % %%    %  % %%%  %  %% %%%%   %%% %% %%%                              
                             %%  %    % %%%  % %% % %  %%%%% %  %%%%%%  %   % %%   %  %  %                             
                            %% %%%%  %% %  %%% %  % %%%%     %%%%     %%%% %% % % %%%%%%%%%                            
                           %%  %   %%%  %%%%   %%%% %   %   %%   %   %%    %  % % %        %                           
                          %% %%%% %%  %%%   % %%    %% %%% %% % %%% %% %  %%%%% % %%      %%%                          
                         %%  %    % %%%  % %% % %  %%  %   %  % %   %  %%%%     % % %    %%  %                         
                        %% %%%%  %% %  %%% %  % %%%% %%%% %%%%% %% %%%%%   %   %% % %%  %% %%%%                        
                       %%  %   %%%  %%%%   %%%% %    %    %     %  %    % %%% %%  % % %%%  %   %                       
                      %% %%%% %%  %%%   % %%    %%  %%%  %%%   %%%%%%  %% %   % %%% % %  %%%% %%%                      
                     %%  %    % %%%  % %% % %  %% %%%  %%%  % %%     %%%  %% %% %   % %%%%    %  %                     
                    %% %%%%  %% %  %%% %  % %%%%  %  %%%  %%% % %   %%  %%%  %  %% %% %   %  %%%%%%                    
                   %%  %   %%%  %%%%   %%%% %   %%%%%%  %%%   % %% %% %%%  %%%%%%  %  %% %%%%%     %                   
                  %% %%%% %%  %%%   % %%    %% %%     %%%  % %% %  %  %  %%%     %%%%%%  %    %   %%%                  
                 %%  %    % %%%  % %% % %  %%  % %   %%  %%% %  %%%%%%%%%%  %   %%     %%%%  %%% %%  %                 
                %% %%%%  %% %  %%% %  % %%%% %%% %% %% %%%   %%%%         %%%% %% %   %%   %%%   % %%%%                
               %%  %   %%%  %%%%   %%%% %    %   %  %  %  % %%   %       %%    %  %% %% % %%  % %% %   %               
              %% %%%% %%  %%%   % %%    %%  %%% %%%%%%%%%%% % % %%%     %% %  %%%%%  %  % % %%% %  %% %%%              
             %%  %    % %%%  % %% % %  %% %%%   %           % % %  %   %%  %%%%    %%%%%% % %   %%%%  %  %             
            %% %%%%  %% %  %%% %  % %%%%  %  % %%%         %% % %%%%% %% %%%   %  %%      % %% %%   %%%%%%%            
           %%  %   %%%  %%%%   %%%% %   %%%%%% %  %       %%  % %     %  %  % %%%%% %    %% %  % % %%      %           
          %% %%%% %%  %%%   % %%    %% %%      %%%%%     %% %%% %%   %%%%%%%% %     %%  %%  %%%% % % %    %%%          
         %%  %    % %%%  % %% % %  %%  % %    %%    %   %%  %   % % %%        %%   %% %%% %%%    % % %%  %%  %         
        %% %%%%  %% %  %%% %  % %%%% %%% %%  %% %  %%% %% %%%% %% % % %      %% % %%  %   %  %  %% % % %%% %%%%        
       %%  %   %%%  %%%%   %%%% %    %   % %%%  %%%%   %  %    %  % % %%    %%  % % %%%% %%%%%%%%  % % %   %   %       
      %% %%%% %%  %%%   % %%    %%  %%% %% %  %%%   % %%%%%%  %%%%% % % %  %% %%% % %    %       %%% % %% %%% %%%      
     %%  %    % %%%  % %% % %  %% %%%   %  %%%%  % %% %     %%%     % % %%%%  %   % %%  %%%     %%   % %  %   %  %     
    %% %%%%  %% %  %%% %  % %%%%  %  % %%%%%   %%% %  %%   %%  %   %% % %   %%%% %% % %%%  %   %% % %% %%%%% %%%%%%    
   %%  %   %%%  %%%%   %%%% %   %%%%%% %    % %%   %%%% % %% %%%% %%  % %% %%    %  % %  %%%% %%  % %  %     %     %   
  %% %%%% %%  %%%   % %%    %% %%      %%  %% % % %%    % %  %    % %%% %  % %  %%%%% %%%%    % %%% %%%%%   %%%   %%%  
 %%  %    % %%%  % %% % %  %%  % %    %% %%%  % % % %  %% %%%%%  %% %   %%%% %%%%     %   %  %% %   %    % %%  % %%  % 
 % %%%%  %% %  %%% %  % %%%% %%% %%  %%  %  %%% % % %%%%  %    %%%  %% %%    %   %   %%% %%%%%  %% %%%  %% % %%% % %%% 
 % %   %%%  %%%%   %%%% %    %   % %%% %%%%%%   % % %   %%%%  %%  %%%  % %  %%% %%% %%   %    %%%  %  %%%  % %   % %   
%% %% %%  %%%   % %%    %%  %%% %% %   %     % %% % %% %%   %%% %%%  %%% %%%%   %   % % %%%  %%  %%%%%%  %%% %% %% %%  
%  %  % %%%  % %% % %  %% %%%   %  %% %%%   %% %  % %  % % %%   %  %%%   %   % %%% %% % %  %%% %%%     %%%   %  %  %   
%%%%%%% %  %%% %  % %%%%  %  % %%%%%  %  % %%  %%%% %%%% % % % %%%%%  % %%% %% %   %  % %%%%   %  %   %%  % %%%%%%%%%% 
        %%%%   %%%% %   %%%%%% %    %%%%%% % %%%    %    % % % %    %%% %   %  %% %%%%% %   % %%%%%% %% %%% %          
       %%   % %%    %% %%      %%  %%      % %  %  %%%  %% % % %%  %%   %% %%%%%  %     %% %% %      %  %   %%         
      %% % %% % %  %%  % %    %% %%% %    %% %%%%%%%  %%%  % % % %%% % %%  %    %%%%   %%  %  %%    %%%%%% %% %        
     %%  % %  % %%%% %%% %%  %%  %   %%  %%  %      %%%  %%% % % %   % % %%%%  %%   % %% %%%%%% %  %%      %  %%       
    %% %%% %%%% %    %   % %%% %%%% %% %%% %%%%    %%  %%%   % % %% %% % %   %%% % %% %  %      %%%% %    %%%%% %      
   %%  %   %    %%  %%% %% %   %    %  %   %   %  %% %%%  % %% % %  %  % %% %%   % %  %%%%%    %%    %%  %%     %%     
  %% %%%% %%%  %% %%%   %  %% %%%  %%%%%% %%% %%%%%  %  %%% %  % %%%%%%% %  % % %% %%%%    %  %% %  %% %%% %   %% %    
 %%  %    %  %%%  %  % %%%%%  %  %%%      %   %    %%%%%%   %%%% %       %%%% % %  %   %  %%%%%  %%%%  %   %% %%  %%   
%% %%%%  %%%%%  %%%%%% %    %%%%%%  %    %%% %%%  %%     % %%    %%     %%    % %%%%% %%%%%    %%%   %%%% %%  % %%% %  
%  %   %%%    %%%      %%  %%     %%%%  %%   %  %%% %   %% % %  %% %   %% %  %% %     %    %  %%  % %%    % %%% %   %  
%%%%% %%  %  %%  %    %% %%% %   %%   %%% % %%%%%   %% %%  % %%%%  %% %%  %%%%  %%   %%%  %%%%% %%% % %  %% %   %% %%  
%     % %%%%%% %%%%  %%  %   %% %% % %%   % %    % %%  % %%% %   %%%  % %%%   %%% % %%  %%%     %   % %%%%  %% %%  %   
%%   %% %      %   %%% %%%% %%  %  % % % %% %%  %% % %%% %   %% %%  %%% %  % %%   % % %%%  %   %%% %% %   %%%  % %%%%% 
  % %%  %%    %%% %%   %    % %%%%%% % % %  % %%%  % %   %% %%  % %%%   %%%% % % %% % %  %%%% %%   %  %% %%  %%% %     
 %% % %%% %  %%   % % %%%  %% %      % % %%%% %  %%% %% %%  % %%% %  % %%    % % %  % %%%%    % % %%%%%  % %%%   %%    
%%  % %   %%%% % %% % %  %%%  %%    %% % %    %%%%   %  % %%% %   %%%% % %  %% % %%%% %   %  %% % %    %%% %  % %% %   
% %%% %% %%    % %  % %%%%  %%% %  %%  % %%  %%   % %%%%% %   %% %%    % %%%%  % %    %% %%%%%  % %%  %%   %%%% %  %%% 
  %   %  % %  %% %%%% %   %%%   %%%% %%% % %%% % %% %     %% %%  % %  %% %   %%% %%  %%  %    %%% % %%% % %%    %%%%   
 %%% %%%%% %%%%  %    %% %%  % %%    %   % %   % %  %%   %%  % %%% %%%%  %% %%   % %%% %%%%  %%   % %   % % %  %%   %  
%%   %     %   %%%%  %%  % %%% % %  %%% %% %% %% %%%% % %% %%% %   %   %%%  % % %% %   %   %%% % %% %% %% % %%%% % %%% 
  % %%%   %%% %%   %%% %%% %   % %%%%   %  %  %  %    % %  %   %% %%% %%  %%% % %  %% %%% %%   % %  %  %  % %    % %   
 %% %  % %%   % % %%   %   %% %% %   % %%%%%%%%%%%%  %% %%%%% %%  %   % %%%   % %%%%  %   % % %% %%%%%%%%%% %%  %% %%  
%%  %%%% % % %% % % % %%% %%  %  %% %% %           %%%  %     % %%%% %% %  % %% %   %%%% %% % %  %          % %%%  % % 
  %%%    % % %  % % % %   % %%%%%%  %  %%         %%  %%%%   %% %    %  %%%% %  %% %%    %  % %%%%%        %% %  %%% % 
%%%  %  %% % %%%% % % %% %% %     %%%%%% %       %% %%%   % %%  %%  %%%%%    %%%%  % %  %%%%% %    %      %%  %%%%   % 



>>> productions = { #Wolfram rule 110 
... '   ': ' ', 
... '  Z': 'Z', 
... ' Z ': 'Z', 
... ' ZZ': 'Z', 
... 'Z  ': ' ', 
... 'Z Z': 'Z', 
... 'ZZ ': 'Z', 
... 'ZZZ': ' ', 
... } 
>>>  
>>> processInput( 
... 
'                                                           Z                                                          
', 
... 89) 
                                                           Z                                                           
                                                          ZZ                                                           
                                                         ZZZ                                                           
                                                        ZZ Z                                                           
                                                       ZZZZZ                                                           
                                                      ZZ   Z                                                           
                                                     ZZZ  ZZ                                                           
                                                    ZZ Z ZZZ                                                           
                                                   ZZZZZZZ Z                                                           
                                                  ZZ     ZZZ                                                           
                                                 ZZZ    ZZ Z                                                           
                                                ZZ Z   ZZZZZ                                                           
                                               ZZZZZ  ZZ   Z                                                           
                                              ZZ   Z ZZZ  ZZ                                                           
                                             ZZZ  ZZZZ Z ZZZ                                                           
                                            ZZ Z ZZ  ZZZZZ Z                                                           
                                           ZZZZZZZZ ZZ   ZZZ                                                           
                                          ZZ      ZZZZ  ZZ Z                                                           
                                         ZZZ     ZZ  Z ZZZZZ                                                           
                                        ZZ Z    ZZZ ZZZZ   Z                                                           
                                       ZZZZZ   ZZ ZZZ  Z  ZZ                                                           
                                      ZZ   Z  ZZZZZ Z ZZ ZZZ                                                           
                                     ZZZ  ZZ ZZ   ZZZZZZZZ Z                                                           
                                    ZZ Z ZZZZZZ  ZZ      ZZZ                                                           
                                   ZZZZZZZ    Z ZZZ     ZZ Z                                                           
                                  ZZ     Z   ZZZZ Z    ZZZZZ                                                           
                                 ZZZ    ZZ  ZZ  ZZZ   ZZ   Z                                                           
                                ZZ Z   ZZZ ZZZ ZZ Z  ZZZ  ZZ                                                           
                               ZZZZZ  ZZ ZZZ ZZZZZZ ZZ Z ZZZ                                                           
                              ZZ   Z ZZZZZ ZZZ    ZZZZZZZZ Z                                                           
                             ZZZ  ZZZZ   ZZZ Z   ZZ      ZZZ                                                           
                            ZZ Z ZZ  Z  ZZ ZZZ  ZZZ     ZZ Z                                                           
                           ZZZZZZZZ ZZ ZZZZZ Z ZZ Z    ZZZZZ                                                           
                          ZZ      ZZZZZZ   ZZZZZZZZ   ZZ   Z                                                           
                         ZZZ     ZZ    Z  ZZ      Z  ZZZ  ZZ                                                           
                        ZZ Z    ZZZ   ZZ ZZZ     ZZ ZZ Z ZZZ                                                           
                       ZZZZZ   ZZ Z  ZZZZZ Z    ZZZZZZZZZZ Z                                                           
                      ZZ   Z  ZZZZZ ZZ   ZZZ   ZZ        ZZZ                                                           
                     ZZZ  ZZ ZZ   ZZZZ  ZZ Z  ZZZ       ZZ Z                                                           
                    ZZ Z ZZZZZZ  ZZ  Z ZZZZZ ZZ Z      ZZZZZ                                                           
                   ZZZZZZZ    Z ZZZ ZZZZ   ZZZZZZ     ZZ   Z                                                           
                  ZZ     Z   ZZZZ ZZZ  Z  ZZ    Z    ZZZ  ZZ                                                           
                 ZZZ    ZZ  ZZ  ZZZ Z ZZ ZZZ   ZZ   ZZ Z ZZZ                                                           
                ZZ Z   ZZZ ZZZ ZZ ZZZZZZZZ Z  ZZZ  ZZZZZZZ Z                                                           
               ZZZZZ  ZZ ZZZ ZZZZZZ      ZZZ ZZ Z ZZ     ZZZ                                                           
              ZZ   Z ZZZZZ ZZZ    Z     ZZ ZZZZZZZZZ    ZZ Z                                                           
             ZZZ  ZZZZ   ZZZ Z   ZZ    ZZZZZ       Z   ZZZZZ                                                           
            ZZ Z ZZ  Z  ZZ ZZZ  ZZZ   ZZ   Z      ZZ  ZZ   Z                                                           
           ZZZZZZZZ ZZ ZZZZZ Z ZZ Z  ZZZ  ZZ     ZZZ ZZZ  ZZ                                                           
          ZZ      ZZZZZZ   ZZZZZZZZ ZZ Z ZZZ    ZZ ZZZ Z ZZZ                                                           
         ZZZ     ZZ    Z  ZZ      ZZZZZZZZ Z   ZZZZZ ZZZZZ Z                                                           
        ZZ Z    ZZZ   ZZ ZZZ     ZZ      ZZZ  ZZ   ZZZ   ZZZ                                                           
       ZZZZZ   ZZ Z  ZZZZZ Z    ZZZ     ZZ Z ZZZ  ZZ Z  ZZ Z                                                           
      ZZ   Z  ZZZZZ ZZ   ZZZ   ZZ Z    ZZZZZZZ Z ZZZZZ ZZZZZ                                                           
     ZZZ  ZZ ZZ   ZZZZ  ZZ Z  ZZZZZ   ZZ     ZZZZZ   ZZZ   Z                                                           
    ZZ Z ZZZZZZ  ZZ  Z ZZZZZ ZZ   Z  ZZZ    ZZ   Z  ZZ Z  ZZ                                                           
   ZZZZZZZ    Z ZZZ ZZZZ   ZZZZ  ZZ ZZ Z   ZZZ  ZZ ZZZZZ ZZZ                                                           
  ZZ     Z   ZZZZ ZZZ  Z  ZZ  Z ZZZZZZZZ  ZZ Z ZZZZZ   ZZZ Z                                                           
 ZZZ    ZZ  ZZ  ZZZ Z ZZ ZZZ ZZZZ      Z ZZZZZZZ   Z  ZZ ZZZ                                                           
ZZ Z   ZZZ ZZZ ZZ ZZZZZZZZ ZZZ  Z     ZZZZ     Z  ZZ ZZZZZ Z                                                           
ZZZZ  ZZ ZZZ ZZZZZZ      ZZZ Z ZZ    ZZ  Z    ZZ ZZZZZ   ZZZ                                                         Z 
   Z ZZZZZ ZZZ    Z     ZZ ZZZZZZ   ZZZ ZZ   ZZZZZ   Z  ZZ Z                                                        ZZ 
  ZZZZ   ZZZ Z   ZZ    ZZZZZ    Z  ZZ ZZZZ  ZZ   Z  ZZ ZZZZZ                                                       ZZZ 
 ZZ  Z  ZZ ZZZ  ZZZ   ZZ   Z   ZZ ZZZZZ  Z ZZZ  ZZ ZZZZZ   Z                                                      ZZ Z 
ZZZ ZZ ZZZZZ Z ZZ Z  ZZZ  ZZ  ZZZZZ   Z ZZZZ Z ZZZZZ   Z  ZZ                                                     ZZZZZ 
  ZZZZZZ   ZZZZZZZZ ZZ Z ZZZ ZZ   Z  ZZZZ  ZZZZZ   Z  ZZ ZZZ                                                    ZZ     
 ZZ    Z  ZZ      ZZZZZZZZ ZZZZ  ZZ ZZ  Z ZZ   Z  ZZ ZZZZZ Z                                                   ZZZ     
ZZZ   ZZ ZZZ     ZZ      ZZZ  Z ZZZZZZ ZZZZZ  ZZ ZZZZZ   ZZZ                                                  ZZ Z     
Z Z  ZZZZZ Z    ZZZ     ZZ Z ZZZZ    ZZZ   Z ZZZZZ   Z  ZZ Z                                                 ZZZZZ   Z 
ZZZ ZZ   ZZZ   ZZ Z    ZZZZZZZ  Z   ZZ Z  ZZZZ   Z  ZZ ZZZZZ                                                ZZ   Z  ZZ 
  ZZZZ  ZZ Z  ZZZZZ   ZZ     Z ZZ  ZZZZZ ZZ  Z  ZZ ZZZZZ   Z                                               ZZZ  ZZ ZZ  
 ZZ  Z ZZZZZ ZZ   Z  ZZZ    ZZZZZ ZZ   ZZZZ ZZ ZZZZZ   Z  ZZ                                              ZZ Z ZZZZZZ  
ZZZ ZZZZ   ZZZZ  ZZ ZZ Z   ZZ   ZZZZ  ZZ  ZZZZZZ   Z  ZZ ZZZ                                             ZZZZZZZ    Z  
Z ZZZ  Z  ZZ  Z ZZZZZZZZ  ZZZ  ZZ  Z ZZZ ZZ    Z  ZZ ZZZZZ Z                                            ZZ     Z   ZZZ 
ZZZ Z ZZ ZZZ ZZZZ      Z ZZ Z ZZZ ZZZZ ZZZZ   ZZ ZZZZZ   ZZZ                                           ZZZ    ZZ  ZZ   
Z ZZZZZZZZ ZZZ  Z     ZZZZZZZZZ ZZZ  ZZZ  Z  ZZZZZ   Z  ZZ Z                                          ZZ Z   ZZZ ZZZ Z 
ZZZ      ZZZ Z ZZ    ZZ       ZZZ Z ZZ Z ZZ ZZ   Z  ZZ ZZZZZ                                         ZZZZZ  ZZ ZZZ ZZZ 
  Z     ZZ ZZZZZZ   ZZZ      ZZ ZZZZZZZZZZZZZZ  ZZ ZZZZZ   Z                                        ZZ   Z ZZZZZ ZZZ   
 ZZ    ZZZZZ    Z  ZZ Z     ZZZZZ            Z ZZZZZ   Z  ZZ                                       ZZZ  ZZZZ   ZZZ Z   
ZZZ   ZZ   Z   ZZ ZZZZZ    ZZ   Z           ZZZZ   Z  ZZ ZZZ                                      ZZ Z ZZ  Z  ZZ ZZZ   
Z Z  ZZZ  ZZ  ZZZZZ   Z   ZZZ  ZZ          ZZ  Z  ZZ ZZZZZ Z                                     ZZZZZZZZ ZZ ZZZZZ Z Z 
ZZZ ZZ Z ZZZ ZZ   Z  ZZ  ZZ Z ZZZ         ZZZ ZZ ZZZZZ   ZZZ                                    ZZ      ZZZZZZ   ZZZZZ 
  ZZZZZZZZ ZZZZ  ZZ ZZZ ZZZZZZZ Z        ZZ ZZZZZZ   Z  ZZ Z                                   ZZZ     ZZ    Z  ZZ     
 ZZ      ZZZ  Z ZZZZZ ZZZ     ZZZ       ZZZZZ    Z  ZZ ZZZZZ                                  ZZ Z    ZZZ   ZZ ZZZ     
ZZZ     ZZ Z ZZZZ   ZZZ Z    ZZ Z      ZZ   Z   ZZ ZZZZZ   Z                                 ZZZZZ   ZZ Z  ZZZZZ Z     
Z Z    ZZZZZZZ  Z  ZZ ZZZ   ZZZZZ     ZZZ  ZZ  ZZZZZ   Z  ZZ                                ZZ   Z  ZZZZZ ZZ   ZZZ   Z 
ZZZ   ZZ     Z ZZ ZZZZZ Z  ZZ   Z    ZZ Z ZZZ ZZ   Z  ZZ ZZZ                               ZZZ  ZZ ZZ   ZZZZ  ZZ Z  ZZ 
  Z  ZZZ    ZZZZZZZ   ZZZ ZZZ  ZZ   ZZZZZZZ ZZZZ  ZZ ZZZZZ Z                              ZZ Z ZZZZZZ  ZZ  Z ZZZZZ ZZ  
 ZZ ZZ Z   ZZ     Z  ZZ ZZZ Z ZZZ  ZZ     ZZZ  Z ZZZZZ   ZZZ                             ZZZZZZZ    Z ZZZ ZZZZ   ZZZZ  



>>> productions = { #Wolfram rule 250 
... '   ': ' ', 
... '  M': 'M', 
... ' M ': ' ', 
... ' MM': 'M', 
... 'M  ': 'M', 
... 'M M': ' ', 
... 'MM ': 'M', 
... 'MMM': ' ', 
... } 
>>>  
>>> processInput( 
... 
'                                                           M                                                          
', 
... 89) 
                                                           M                                                           
                                                          M M                                                          
                                                         M   M                                                         
                                                        M M M M                                                        
                                                       M       M                                                       
                                                      M M     M M                                                      
                                                     M   M   M   M                                                     
                                                    M M M M M M M M                                                    
                                                   M               M                                                   
                                                  M M             M M                                                  
                                                 M   M           M   M                                                 
                                                M M M M         M M M M                                                
                                               M       M       M       M                                               
                                              M M     M M     M M     M M                                              
                                             M   M   M   M   M   M   M   M                                             
                                            M M M M M M M M M M M M M M M M                                            
                                           M                               M                                           
                                          M M                             M M                                          
                                         M   M                           M   M                                         
                                        M M M M                         M M M M                                        
                                       M       M                       M       M                                       
                                      M M     M M                     M M     M M                                      
                                     M   M   M   M                   M   M   M   M                                     
                                    M M M M M M M M                 M M M M M M M M                                    
                                   M               M               M               M                                   
                                  M M             M M             M M             M M                                  
                                 M   M           M   M           M   M           M   M                                 
                                M M M M         M M M M         M M M M         M M M M                                
                               M       M       M       M       M       M       M       M                               
                              M M     M M     M M     M M     M M     M M     M M     M M                              
                             M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M                             
                            M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M                            
                           M                                                               M                           
                          M M                                                             M M                          
                         M   M                                                           M   M                         
                        M M M M                                                         M M M M                        
                       M       M                                                       M       M                       
                      M M     M M                                                     M M     M M                      
                     M   M   M   M                                                   M   M   M   M                     
                    M M M M M M M M                                                 M M M M M M M M                    
                   M               M                                               M               M                   
                  M M             M M                                             M M             M M                  
                 M   M           M   M                                           M   M           M   M                 
                M M M M         M M M M                                         M M M M         M M M M                
               M       M       M       M                                       M       M       M       M               
              M M     M M     M M     M M                                     M M     M M     M M     M M              
             M   M   M   M   M   M   M   M                                   M   M   M   M   M   M   M   M             
            M M M M M M M M M M M M M M M M                                 M M M M M M M M M M M M M M M M            
           M                               M                               M                               M           
          M M                             M M                             M M                             M M          
         M   M                           M   M                           M   M                           M   M         
        M M M M                         M M M M                         M M M M                         M M M M        
       M       M                       M       M                       M       M                       M       M       
      M M     M M                     M M     M M                     M M     M M                     M M     M M      
     M   M   M   M                   M   M   M   M                   M   M   M   M                   M   M   M   M     
    M M M M M M M M                 M M M M M M M M                 M M M M M M M M                 M M M M M M M M    
   M               M               M               M               M               M               M               M   
  M M             M M             M M             M M             M M             M M             M M             M M  
 M   M           M   M           M   M           M   M           M   M           M   M           M   M           M   M 
  M M M         M M M M         M M M M         M M M M         M M M M         M M M M         M M M M         M M M  
 M     M       M       M       M       M       M       M       M       M       M       M       M       M       M     M 
  M   M M     M M     M M     M M     M M     M M     M M     M M     M M     M M     M M     M M     M M     M M   M  
 M M M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M   M M M 
      M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M      
     M                                                                                                           M     
    M M                                                                                                         M M    
   M   M                                                                                                       M   M   
  M M M M                                                                                                     M M M M  
 M       M                                                                                                   M       M 
  M     M M                                                                                                 M M     M  
 M M   M   M                                                                                               M   M   M M 
    M M M M M                                                                                             M M M M M    
   M         M                                                                                           M         M   
  M M       M M                                                                                         M M       M M  
 M   M     M   M                                                                                       M   M     M   M 
  M M M   M M M M                                                                                     M M M M   M M M  
 M     M M       M                                                                                   M       M M     M 
  M   M   M     M M                                                                                 M M     M   M   M  
 M M M M M M   M   M                                                                               M   M   M M M M M M 
            M M M M M                                                                             M M M M M            
           M         M                                                                           M         M           
          M M       M M                                                                         M M       M M          
         M   M     M   M                                                                       M   M     M   M         
        M M M M   M M M M                                                                     M M M M   M M M M        
       M       M M       M                                                                   M       M M       M       
      M M     M   M     M M                                                                 M M     M   M     M M      
     M   M   M M M M   M   M                                                               M   M   M M M M   M   M     
    M M M M M       M M M M M                                                             M M M M M       M M M M M    
   M         M     M         M                                                           M         M     M         M   



>>> productions = { #Wolfram rule 121  
... '   ': 'X', 
... '  X': ' ', 
... ' X ': ' ', 
... ' XX': 'X', 
... 'X  ': 'X', 
... 'X X': 'X', 
... 'XX ': 'X', 
...  'XXX': ' ', 
... } 
>>>  
>>> processInput( 
... 
'                                                           X                                                          
',  
... 89) 
                                                           X                                                           
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                                         XX X                                                          
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                                       XXX XXX                                                         
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                                     XX XX XXX                                                         
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                                   XXX     XXX                                                         
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                                 XX XX   XX XX                                                         
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                               XXX     XXX                                                             
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                             XX XX   XX XX                                                             
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                           XXX     XXX                                                                 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                         XX XX   XX XX                                                                 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                       XXX     XXX                                                                     
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                     XX XX   XX XX                                                                     
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                   XXX     XXX                                                                         
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                                 XX XX   XX XX                                                                         
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                               XXX     XXX                                                                             
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                             XX XX   XX XX                                                                             
XXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                           XXX     XXX                                                                                 
XXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                         XX XX   XX XX                                                                                 
XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                       XXX     XXX                                                                                     
XXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                     XX XX   XX XX                                                                                     
XXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                   XXX     XXX                                                                                         
XXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                 XX XX   XX XX                                                                                         
XXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
               XXX     XXX                                                                                             
XXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
             XX XX   XX XX                                                                                             
XXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
           XXX     XXX                                                                                                 
XXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
         XX XX   XX XX                                                                                                 
XXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
       XXX     XXX                                                                                                     
XXXXXX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
     XX XX   XX XX                                                                                                     
XXXX XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
   XXX     XXX                                                                                                         
XX X XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
 XX XX   XX XX                                                                                                         
 XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XX     XXX                                                                                                           X 
 XXXXX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 
XX   XX XX                                                                                                         XX  
XXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX 
   XXX                                                                                                           XXX   
XX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXX 
 XX XX                                                                                                         XX XX   
 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX 
XX                                                                                                           XXX     X 
 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X 
XX                                                                                                         XX XX   XX  
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXX 
                                                                                                         XXX     XXX   
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXX 
                                                                                                       XX XX   XX XX   
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXX 
                                                                                                     XXX     XXX       
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXX 
                                                                                                   XX XX   XX XX       
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXX 
                                                                                                 XXX     XXX           
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXX 
                                                                                               XX XX   XX XX           
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXX 
                                                                                             XXX     XXX               
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X XXXXX X XXXXXXXXXXXXXXX 
                                                                                           XX XX   XX XX               
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXX XXXXXXXXXXXXXXXXXXX 
                                                                                         XXX     XXX                   



>>> productions = { #Wolfram rule 75 
... '   ': '&', 
... '  &': '&', 
... ' & ': ' ', 
... ' &&': '&', 
... '&  ': ' ', 
... '& &': ' ', 
... '&& ': '&', 
... '&&&': ' ', 
... } 
>>>  
>>> processInput( 
... 
'                                                           &                                                          
',  
... 89) 
                                                           &                                                           
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                          & &&                                                         
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  && &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                         & &&& &                                                       
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & &   &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                        & &    &&&                                                     
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&& & &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                       & &&&&  &   &                                                   
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  & &  &&  &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                      & &  &    &&& &&                                                 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&&& & && &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                     & &&&  &&  &   && &                                               
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&& &  &&&&   &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                    & &    & &   &&  & &&&                                             
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&    &&&& &  & & &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                   & &&&& & &&&&  &   &    &                                           
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  &   &  & &  &&  &&&  &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                  & &  &  &&  &    &&& && & &&                                         
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&& &  &&&& & &&   && &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                 & &&&  && &   &&  &   && &&&& &                                       
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&&   &&&& &  &&&& &  &   &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                                & &    & & &&&  &   &&  &   &  &&&                                     
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&    & & &  &&&& &  &&  && & &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                               & &&&& & &&&      &&  &   &&& &&&   &                                   
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  &   & & &&&&&&& &  &&& & & & &&  &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                              & &  &  &&    &     &   && &       && &&                                 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&& &&&  &&&&  &&&&   &&&&&&&& && &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                             & &&&  && & & & &&  & &&  & &&&      & && &                               
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&&       && &  && &  & & &&&&&  &&   &&&&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                            & &    & & &&&&&&&&   &&&   &    &   & &&& &&&                             
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&    &      & &&& & &&  &&&  &&  & & & & &&&&&&&&&&&&&&&&&&&&&&&&&&& 
                                           & &&&& & &&&  &&&&&  & &   && && & &&& &        &                           
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  &   & & &&   & &    &&&& &&   & &   &&&&&&&  &&&&&&&&&&&&&&&&&&&&&&&&& 
                                          & &  &  &&    && &&    &&&&  & && &&    &&&     & &&                         
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&& &&&&& && &&&&  & &  && && &&&& & &&&&  && &&&&&&&&&&&&&&&&&&&&&&& 
                                         & &&&  && & &   & && &  & &    &&& && &  &   &  & &&& &                       
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&&     &&  &&   &    &&&& & &&   &  &&  &  & &   &&&&&&&&&&&&&&&&&&&&& 
                                        & &    & & &&&&&& &&& &&  &&&&  &   && &&  &&& &  &    &&&                     
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&    &    & & & && &&  & &  &&&& && && &   &  &&&& & &&&&&&&&&&&&&&&&&&& 
                                       & &&&& & &&&  &&&      && && &    &&  & && &&   &&  &&  &   &                   
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  &   & & && & &&&&&&& &&   &&&&& &  && && &&&& &&& &  &&  &&&&&&&&&&&&&&&&& 
                                      & &  &  &&    &&   &     & && &&&   &   &&& && &  & & &   &&& &&                 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&& &&&&& &&  &&&&  && & & &&  &&& & &&   &      &&& & && &&&&&&&&&&&&&&& 
                                     & &&&  && & &   & && &&  & &&&     && && &   && &&  &&&&&& &   && &               
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&&     &&  && && &  & & &&&&&& &&   &&&& && &&    &   &&&&   &&&&&&&&&&&&& 
                                    & &    & & &&&&&& &&& &&   &    &    & && &&&  & && && &&&  &&&  & &&&             
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&    &    & & & && &&  &&&  &&&  && & & &  && && & & && & &  & & &&&&&&&&&&& 
                                   & &&&& & &&&  &&&      && && && & && & &&&       &&& &&     &&     &    &           
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  &   & & && & &&&&&&& && &&   &&   & & &&&&&&& & && &&&&&& &&&&  &&&  &&&&&&&&& 
                                  & &  &  &&    &&   &     & && && &&&& &&    &     &   && &    & &  & && & &&         
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&& &&&&& &&  &&&&  && && &  & && &&&  &&&&  &&&&   &&&    &  &&   && &&&&&&& 
                                 & &&&  && & &   & && &&  & &&& &&   &  && & & &&  & &&  & &&& & &&&  &&& &&&& &       
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&&     &&  && && &  & & && &&  &&&     && &  && &  & &   & & && & &  &   &&&&& 
                                & &    & & &&&&&& &&& &&   &    && && && & &&&&&&   &&&   &    &&    &&     &  &&&     
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &&&    &    & & & && &&  &&&&& && &&   &    & &&& & &&  &&&&& &&&&& &&&&  && & &&& 
                               & &&&& & &&&  &&&      && && &&   & && && &&  &&&  & &   && &&   & &   & &  & &&&   &   
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  &  &   & & && & &&&&&&& && && &&  && && && && & &    &&&& && &&    &&    &  & & &&  & 
                              & &  &  &&    &&   &     & && && && &&& && && &&     &&&&  & && && &&&&& &&&  &    && && 
 &&&&&&&&&&&&&&&&&&&&&&&&&&&&&    &  &&& &&&&& &&  &&&&  && && && & & && && && &&&&&  & &  && && &   & & & &  &&&&& && 
 &                           & &&&  && & &   & && &&  & &&& && &&     && && && &   & &    &&& &&   &&        &&   & && 
   &&&&&&&&&&&&&&&&&&&&&&&&&&  & & &&&     &&  && && &  & & && && &&&&&& && &&   &&    &&&& & && &&&& &&&&&&&&& &&  && 
 &&&                        & &    & & &&&&&& &&& &&   &    && && &    & && && &&&& &&&&  &   && &  & &       & && &&& 
 & & &&&&&&&&&&&&&&&&&&&&&&&    &&&    &    & & & && &&  &&&&& &&   &&&  && && &  & &  & &  &&&&   &    &&&&&&  && & & 
     &                     & &&&& & &&&  &&&      && && &&   & && &&& & &&& &&   &    &    &&  & &&  &&&&    & &&&     
&&&&&  &&&&&&&&&&&&&&&&&&&&  &  &   & & && & &&&&&&& && && &&  && & &   & & && &&  &&&  &&&&& &  && &&  & &&&  & & &&& 
    & &&                  & &  &  &&    &&   &     & && && && &&&     &&    && && && & &&   &   &&& && &  & & &    &   
&&&&  && &&&&&&&&&&&&&&&&&    &  &&& &&&&& &&  &&&&  && && && & & &&&&&& &&&&& && &&   && &&  &&& & &&   &      &&&  & 
   & &&& &               & &&&  && & &   & && &&  & &&& && &&     &    & &   & && && &&&& && && &   && &&  &&&&&& & && 
 &&  & &   &&&&&&&&&&&&&&  & & &&&     &&  && && &  & & && && &&&&  &&&    &&  && && &  & && &&   &&&& && &&    &   && 
 && &    &&&            & &    & & &&&&&& &&& &&   &    && && &  & && & &&&&& &&& &&   &  && && &&&  & && && &&&  &&&& 
 &&   &&&& & &&&&&&&&&&&    &&&    &    & & & && &&  &&&&& &&   &  &&   &   & & & && &&  &&& && & & &  && && & & &&  & 
 && &&&  &   &         & &&&& & &&&  &&&      && && &&   & && &&  &&& &&  &&      && && && & &&       &&& &&     && &  
&&& & & &  &&  &&&&&&&&  &  &   & & && & &&&&&&& && && &&  && && && & && &&& &&&&&&& && &&   && &&&&&&& & && &&&&&&    
& &       &&& &&      & &  &  &&    &&   &     & && && && &&& && &&   && & & &     & && && &&&& &     &   && &    & && 
&   &&&&&&& & && &&&&&    &  &&& &&&&& &&  &&&&  && && && & & && && &&&&       &&&&  && && &  &   &&&&  &&&&   &&&  &  
  &&&     &   && &   & &&&  && & &   & && &&  & &&& && &&     && && &  & &&&&&&&  & &&& &&   &  &&&  & &&  & &&& & &   
&&& & &&&&  &&&&   &&  & & &&&     &&  && && &  & & && && &&&&&& &&   &  &     & &  & & && &&  && & &  && &  & &     & 
  &   &  & &&  & &&&& &    & & &&&&&& &&& &&   &    && && &    & && &&  &  &&&&    &    && && &&&     &&&   &    &&&&& 
 &  &&  &  && &  &  &   &&&    &    & & & && &&  &&&&& &&   &&&  && && &  &&  & &&&  &&&&& && & & &&&&& & &&  &&&&   & 
   &&& &  &&&   &  &  &&& & &&&  &&&      && && &&   & && &&& & &&& &&   &&& &  & & &&   & &&     &   &   && &&  & &&  
&&&& &   && & &&  &  && &   & & && & &&&&&&& && && &&  && & &   & & && &&& &   &    && &&  && &&&&  &&  &&&& && &  &&  
&  &   &&&&   && &  &&&   &&    &&   &     & && && && &&&     &&    && & &   &&  &&&&& && &&& &  & &&& &&  & &&   &&&  
  &  &&&  & &&&&   && & &&&& &&&&& &&  &&&&  && && && & & &&&&&& &&&&&     &&&& &&   & && & &   &  & & && &  && &&& &  
&&  && & &  &  & &&&&   &  & &   & && &&  & &&& && &&     &    & &   & &&&&&  & && &&  &&     &&  &    &&   &&& & &    
&& &&&     &  &  &  & &&  &    &&  && && &  & & && && &&&&  &&&    &&  &   & &  && && &&& &&&&&& &  &&&&& &&& &     && 
 & & & &&&&  &  &  &  && &  &&&&& &&& &&   &    && && &  & && & &&&&& &  &&    &&& && & & &    &   &&   & & &   &&&&&  
&      &  & &  &  &  &&&   &&   & & & && &&  &&&&& &&   &  &&   &   &   &&& &&&& & &&       &&&  &&&& &&      &&&   &  
  &&&&&  &    &  &  && & &&&& &&      && && &&   & && &&  &&& &&  &&  &&& & &  &   && &&&&&&& & &&  & && &&&&&& & &&   



>>> productions = {  #Wolfram rule 225 
... '   ': '0', 
... '  0': ' ', 
... ' 0 ': ' ', 
... ' 00': ' ', 
... '0  ': ' ', 
... '0 0': '0', 
... '00 ': '0', 
... '000': '0', 
... } 
>>>  
>>> processInput( 
... 
'                                                           0                                                          
',  
... 89) 
                                                           0                                                           
0000000000000000000000000000000000000000000000000000000000   000000000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000 0  00000000000000000000000000000000000000000000000000000000 
00000000000000000000000000000000000000000000000000000000000    0000000000000000000000000000000000000000000000000000000 
00000000000000000000000000000000000000000000000000000000000 00  000000000000000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000000000000000000000 0   00000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000000  0  0000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000000      000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000000 0000  00000000000000000000000000000000000000000000000000 
00000000000000000000000000000000000000000000000000000000000000 000   0000000000000000000000000000000000000000000000000 
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Abstract 
 
Whether on paper, on site or mediating between both, means for reading 
and writing geometry have always been central to architecture. The use of 
compasses and rulers, strings, pins, stakes or plumb-lines enabled the 
analysis and reproduction of congruent figures on different surfaces since 
antiquity, and from the renaissance onwards, the consistent planar 
representation of three-dimensional shapes by means of projective 
geometry. Tacitly through practice, or explicitly encoded in classical 
geometry, the operational syntaxes of drawing instruments, real or 
imaginary, have determined the geometric literacies regulating the 
production and instruction of architecture.  
 
But making marks on the surfaces of paper, stone or the ground has 
recently given way to the fundamentally different sequential operations of 
computers as the material basis of architectural inscriptions; and while 
geometry has been instrumental to the digital re-mediation of architectural 
drawing as CAD, this new digital geometry is algebraic and algorithmic, 
no longer intelligible through the operations of its drawn counterpart, 
classical or projective. Thus, practices of inscription which have dominated 
architecture since antiquity make little sense in its current reading and 
writing systems.  
 
This thesis examines technologies of digital inscription in an effort to 
explore literacies that may correspond to those of drawn geometry and its 
role in architecture. It particularly looks at programming as a form of 
architectural notation in close correspondence with its material basis as a 
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technology. Forms of reading and writing produce discourses consisting of 
past and present statements. Hence, the works included in the thesis 
acknowledge a history of computers in architecture that begun in the 
1960s. They specially examine the technical systems and programming 
practices shaping digital architecture, and which define the techno-
discursive matrix in which architecture is being recast.  
 
The thesis includes prototypes and experiments, graphics, algorithms and 
software. It also comprises their descriptions and theoretical analyses, as 
well as critical contextualisations of the computer in architecture. Artefacts 
and texts have originated within diverse architectural contexts; although 
they respond to the different forms, styles, interests and objectives specific 
to these fields, their fundamental purpose is always to critique and propose 
ways of writing and reading architecture through programming, the 
rationale of the research and practice in which they have originated.  
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1. Introduction 
 

“Our writing tools are also working on our thoughts”1 
Friedrich Nietzsche, 1882 

 
Aim of the research 
The computer has recently displaced the drafting board as the main site of 
architectural design, ending the centuries-old supremacy of drawn 
geometry as the technological basis of architectural practice. This shift has 
been concurrent with the digitalisation of most aspects of contemporary 
life, a process that has transformed patterns of production and behaviour 
associated with previous technologies of mechanical inscription or 
electronic transmission, and even with the typographic revolution of the 
Renaissance, responsible for promoting design as architecture’s main mode 
of production.2, 3 
 
This thesis documents my efforts to articulate a practice that responds to 
this shift. Trained to draw by hand the plans, elevations, sections and 
perspectives that had allegedly originated with Vitruvius,4 this knowledge 
was rendered obsolete as CAD became all-pervasive in architectural 
practice during the final years of my studies. CAD in turn seemed to 
remorselessly and uncritically abandon the system of material practices that 
had structured drawing for centuries, without giving much consideration 
to the alternative ones of programming or electronics, shaping and 
underlying computation. The general lack of critical analysis that 
accompanied the introduction of CAD is particularly worrying in the light 
of the Nietzsche’s remark opening  this introduction: a comment about his 



2 Program Matters: from Drawing to Code  

new Malling Hansen typewriter made to his friend Peter Gast and given 
prominence by media theorist Friedrich Kittler, it succinctly summarises 
the interdependence between media, discourses and practices.5 Hence, the 
thesis looks at this reciprocality in the relation between computers and 
architecture. To be more precise, the thesis considers how the material and 
formal constraints of the computer embody discursive mechanisms which 
configure and pattern its outputs, from drawings and diagrams to images 
and text, and it investigates programming as a practice of inscription, its 
limits, and its relations to drawing. The questions this thesis formulates and 
the problems it defines are essentially the following: how do the material 
bases of computation and programming relate to each other and to 
architecture? what is the material logic of programming as a technology of 
inscription? in what way does using programs differ from drawing? 
 
Contribution and intended readership 
The works that make up this thesis belong to a diverse range of research 
contexts within architecture, from theoretical to more applied ones. These 
include the critical framing in the book “Material Matters: Architecture 
and Material Practice,” edited by Katie Lloyd Thomas and published in 
2007, in which the first text was included as a chapter; the theoretical but 
also applied outlook of the 9th Space Syntax Symposium that took place in 
Seoul in 2013, and where the second and third papers were presented; the 
more general readership of the journal Architectural Design (AD), in which 
the fourth article was published in 2014, and the technological and design 
concerns of the International Journal of Architectural Computing (IJAC) 
in the case of the final paper. This diversity of discourses, from critical and 
theoretical to professional and applied ones, has resulted into a 
heteroglossia of writing styles, research objectives and methods, as the 
project strived to answer and to further define its central concerns. The 
disparity of contexts has been to a large extent a consequence of the 
different financing possibilities and what may be simply described as the 
eventualities of a researcher or practitioner’s life, a situation not 
uncommon within an eminently practical discipline such as architecture.6 
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The eclecticism of references and their span is also typical of practice: 
rather than working in depth within a determined academic context, one 
needs to engage extensively in the different encountered environments. 
The use of theory becomes tactical: rather than the intensive investigation 
of a question, a material or an idea or the careful building up of arguments, 
cases and theoretical scaffoldings typical of traditional research, the work 
presented here comprises the construction of provisional models and 
theories that allow for both the articulation of a response relevant to a 
current field and context, and at the same time the advancement of 
questions central to the research and practice; instead of being the result of 
a plan, the research emerges as a progressive accumulation of localised 
responses to specific problems in relation to the problems that define the 
practice and research of programming in architecture. Despite its apparent 
disadvantages, this provisionality is not unproductive: the impossibility of 
allegiance to a single academic discourse and the consequent difference 
and multiplicity of languages and concerns particular to each context have 
helped to test and make ideas critical and to shape and delimit core 
questions relevant to all of them. This fragmentation of research practice is 
mirrored in the very form of this thesis, which consists of a collection of 
quite diverse papers. The course of the unfolding of the research questions 
in these different contexts traces a map linking historical, technical, 
theoretical and aesthetic matters that can itself also be valuable for future 
research. 
 
Common to all texts is the problematisation of architectural representation 
in view of the drastic effect the computer has had on it. Compared to the 
situation in other art forms, as Robin Evans famously observed, architects 
are “never working directly with the object of their thought, always working 
at it through some intervening medium, almost always the drawing.”7 
Although the specific role that drawing has in architecture is quite unique, 
other art, design and engineering practices also make use of representations 
to mediate the production of work. Precisely because of their less 
prominent role, these representations are often not problematised, and in 
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that sense the research presented here may be useful to these fields.  While 
the papers’ aim is to contribute to architecture’s theory and design practice, 
the methods and concerns of the research may also be useful to other 
domains, particularly other practice-based research in art and design. 
 
During the last decade, methods and operations previously only accessible 
by writing computer code have been steadily incorporated into CAD 
software through sophisticated interfaces such as the visual programming 
of Generative Components for Microstation, or more recently, the 
Grasshopper plugin for the Rhinoceros modelling package. These have 
introduced new types of notations to describe the generation of 
architectural form that goes beyond the simple transferring of drafting 
conventions typical of CAD programs. As interesting as these methods and 
tools are, they are not the subject of this research, which limits itself strictly 
to programming through the use of computer languages, as this conforms 
to the practice driving the research. Also, while they share many 
characteristics with coding, general methods of visual programming are 
arguably limited in their capacity to describe programs and algorithms; in 
“No Silver Bullet,” computer scientist and engineer Frederick Brooks 
argued that software is inherently impossible to visualise, as it is not easily 
embedded in space in the way that building plans, maps, chips or computer 
schematics may be; it has no ready geometrical representation. Any 
attempt at graphical representation of a program will only be partial, as the 
complex interdependencies of data, control flow or patterns of dependency 
will rather generate different diagrams, often not planar, and much less 
hierarchical.8 Despite these differences, many of the proposals and 
conclusions of this thesis will hopefully be relevant for these methods as 
well: its problems and arguments allow them to be compared to the 
practices of writing code and to the complex material processes that make 
software possible. The increasing popularity of these graphic methods 
highlights the urgency of addressing programming in architecture for a 
large readership that may be interested in understanding the tools they 
operate and through which an increasing part of architecture is produced; 
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the limitations and possibilities of programming in general, or the 
differences between the diverse languages and notations emerging in 
architectural design. The thesis will hopefully also be relevant to the 
growing number of architects who use code as a form of making 
architecture. Finally, the research can also contribute to architectural 
education, as academic institutions grapple with pedagogies that address 
new digital means of architectural production, after the obsolescence of an 
instruction based on being disciplined into the conventions and habits of 
drawing and its translation into buildings. 





 

 
 
 
 
2. Relevance and Background 
 
Drawings in the rear-view mirror 
According to Marshall McLuhan, the introduction of any new technology 
changes the ratio between the senses, amplifying one in detriment of the 
others: the alphabet and the print, for example, benefited the visual sense 
within these ratios; electronic technology brought back the oral and 
auditory component characteristic of pre-alphabetic societies. McLuhan 
compared the effect of these changes with hypnosis, which functions by 
concentrating a subject’s attention exclusively on one perceptive organ 
while inhibiting the influx of perceptions from all others. New technology 
is hypnotic because intensifying one sense in prejudice of the interplay with 
the other senses diminishes our consciousness, according to McLuhan,   

“…precisely in the new area of novelty where a kind of identification of viewer and 
object occurs. This somnambulist conforming of beholder to the new form or structure 
renders those most deeply immersed in a revolution the least aware of its dynamic.”2 

Architecture does not escape technologically induced hypnosis, as 
architects try to unravel the consequences and possibilities of the computer 
in these first decades after its introduction. At the same time, it is possible 
to identify in architectural theory a parallel process also described by 
McLuhan: as new media mesmerise us and make us impervious to their 
effects, the contours of the previous situation instead become clear. This 
would explain that despite architecture’s centuries-old reliance on drawing, 
it is only recently – once its role has been challenged by the computer – 
that its function in disciplining architecture has become distinct. As the new 
electronic regime has made the previous mechanical age intelligible,2 it has 
also help delineating architecture’s relation to drawing, out of the hypnotic 
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media haze that set in with the dawn of typography more than five 
centuries ago. During the decades coinciding with architecture’s 
digitalisation process, a number of writers have contributed with a critical 
evaluation of representation in architecture, and the central role of 
drawing, geometry and print: Robin Evans,9, 10 Mario Carpo,3, 11 Alberto 
Pérez-Gómez4, 12 and Stan Allen6 are among those who have addressed the 
role of representation in articulating architectural discourses and practices. 
 
Thus, Robin Evans’s study of the relation between architecture and 
geometry in “The Projective Cast” could only coincide with the spread of 
CAD within architectural practice. Published in 1995, “The Projective 
Cast: Architecture and Its Three Geometries”9 analysed the role of 
geometry, and particularly projective geometry, as the activity mediating 
and translating between imagination, drawing, buildings and perception 
from the late gothic period to the 1980s. “The Projective Cast” expanded 
the themes proposed in Evans’s influential text “Translations from 
Drawing to Building,”7, 10 which called attention to the particular role of 
drawing as a mediating mechanism in architecture in contrast to other arts. 
 
In “Architecture in the Age of Printing: Orality, Writing, Typography, and 
Printed Images in the History of Architectural Theory,”3 Mario Carpo 
extended to architecture the analyses of typography made by McLuhan in 
“The Gutenberg Galaxy.” Later, Carpo expanded this study to include the 
current process of digitalisation in “The Alphabet and the Algorithm.”11 
Carpo considered typographic media’s capacity to reproduce concepts, 
images and theories. The principal concern of his historical analyses were 
the modes in which printed architectural treatises shaped and spread 
different forms of understanding and making architecture, and their 
relevance in light of its contemporary digital mediation. Carpo observed 
the unreliability of precise image transmission in the manuscript age, as 
image reproduction depended on sequential copying by hand. The only 
trustworthy method for the diffusion of shapes was thus limited to verbal 
descriptions of the process for their reconstruction, or their numerical 
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encryption, as in the case of Ptolemy’s Geography. Printmaking allowed 
the exact, mechanical reproduction of images and forms, radically 
changing the types of statements possible in the architectural discourses 
emerging from the Renaissance. Carpo’s work has concentrated in the 
effects of this change. More recently, Carpo has also looked at the history 
of the immediate past that began during the late 1980s and early 1990s, a 
period that he has labelled “the Digital Turn,”13 characterised by the 
introduction of new computational means of generating architectural form. 
In recent years he has also theorised on the effects of digital forms of storing 
and transmitting data in architecture,14 extending his analysis of print to 
the computer. 
 
Pérez-Gomez’s studies of architectural representations on the other hand 
emphasise the ideologies associated with these representations and their 
historical evolution. His particular interest both in “Architecture and the 
Crisis of Modern Science”12 and the later “Architectural Representation 
and the Perspective Hinge," written together with Louise Pelletier,4 is the 
adoption of a technical paradigm of representation in architecture during 
the nineteenth century, particularly exemplified in Gaspard Monge’s 
proposition of descriptive geometry. Pérez-Gómez identifies this change 
with the schism in architecture between aesthetic and technical concerns,12 
marked by the dominance of technical instrumentalism in architectural 
design and a loss of its previous mythical dimension. His work applies a 
phenomenological narrative into the recent history of architecture, 
proposing that, following Husserl, the increased specialisation and 
mathematisation of all disciplines, the instrumentality and effective control 
of practical tasks, alienates discourse and its products from the expectations 
of lived experience or “Lebenswelt.”4, 15 Pérez-Gómez’s main effort is in 
defining the values, ideologies and meanings of representation, but he is 
less interested in its operations. His method is hermeneutic, interpreting 
what representation techniques mean, rather than the statements they 
allow or inhibit. The work that makes up this thesis is closer to Evan’s and 
even Carpo’s methodology; but rather than applied in retrospect to 
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drawing, it is an attempt to understand the current presence and effect of 
the computer in architecture. Instead of the hermeneutic study of meanings 
or ideologies, the approach followed by this research is closer to the concept 
of archaeology proposed by Foucault: it is not concerned with the thoughts, 
representations, images or themes that are concealed or revealed in 
discourses or with treating these as signs of something else that needs to be 
interpreted, but rather with a refusal to be ‘allegorical’, with an interest in 
the discourses themselves, as practices obeying certain rules.16 A concept 
instrumental to Foucault’s archaeology and of importance to this research 
is that of the archive, the law of what can be said, the system that governs 
the appearance of statements and which determines how things said are 
grouped and composed together in distinct figures, according to different 
relations and regularities.16 Foucault concedes the impossibility of 
exhaustively describing our own archive, since it is from its rules that we 
speak; it is what gives its modes of appearance to what we can say. Thus, 
the archive emerges in fragments, regions and levels, more fully and with 
greater sharpness the greater the time that separates us from it.16 Such a 
description clearly resonates with McLuhan’s observation at the beginning 
of this section. But despite the knowledge that the result will be nothing but 
a fragmentary view, and that any analysis of present and past will be 
patterned by current archival systems, the need is no less acute to reflect on 
this archive and its properties, to try to understand – no matter how partial 
and limited the analysis may be – what kind of architecture is being and 
can be uttered, how this digital archive is patterning present architectural 
thinking and the understanding of its past. 
 
The digital turn 
During the last thirty years drawing has been steadily inscribed as 
computation: first through hybrid interfaces such as digitalising tables, 
which used physical drafting boards for their data input, and later, and 
following the logic of the Graphical User Interface or GUI, by relocating 
the drawing surface of the paper onto the screen of the computer, as a user-
friendly, familiar metaphor to draftspersons, engineers and architects. But 



  Relevance and Background 11 

 

as Kittler has observed, transferring from one medium to another always 
involves a reshaping to conform to new standards and materials; 
transposition necessarily takes the place of translation, and every 
transposition is to a degree arbitrary, a manipulation which leaves gaps and 
cannot appeal to anything universal.5 While the metaphor obviously 
worked and CAD became ubiquitous, it would be worth considering what 
the gaps left in between were; i.e. what it was that this metaphor was not 
able to translate. 
 
In “Art and Geometry: A Study In Space Intuitions,”17 William Ivins 
proposed a reading of Western art and geometry, from classic Greece to 
the twentieth century, as embodying practices relative to tactile-muscular 
and visual intuitions of space. Understanding the dislocation of 
architectural geometry from paper to screen through Ivins exposes 
important discontinuities in the inscription of drawing as computation, 
entailing fundamental changes of habits and knowledge affecting 
architectural practice and education. According to Ivins, Greek geometry 
was grounded on tactile-muscular awarenesses, “awarenesses of things 
here, at hand.” It was thought in terms of chalk-lines and yardsticks, real 
or imaginary, used in its instruction, demonstrations and practical 
production. In contrast, post-Renaissance geometry was predominantly 
visual. Projective geometry, for instance, implied concepts of extension and 
continuity between figures – such as for example between straight lines, 
hyperbolas, parabolas, ellipses and circles, all inscribed as the contiguous 
sections of a plane through a cone – as well as that of infinity, troublesome 
to the Greeks.17 Evidence of the tactility of classical geometry can be found 
in Euclid’s elements: the most extensive and representative compendium 
of Greek geometry, it subsumed all previous theorems to its postulates, 
based on the abstract operations of linking points and inscribing distances, 
operations which in turn corresponded and encoded the procedural 
manipulations of physical compasses and straightedges. The techniques 
originated in Babylonian and Egyptian geometry as part of the practices of 
surveying and constructing buildings and infrastructure – etymologically, 



12 Program Matters: from Drawing to Code  

geometry refers to the measurement of land – became systematised in to 
the operational syntax that made up the axiomatic geometry of the Greeks. 
 
Despite the key role of projective geometry and its visual bias in modern 
architectural discourse and practice, architecture has also remained tied to 
the geometric constructions formalised by the Greeks and their “tactile-
muscular” basis, first on the building site and after the Renaissance also on 
paper: the construction of perspectives or the relations between the 
different orthographic projections in the surface of the drawing relied as 
much on tracing lines and transporting distances by means of rulers and 
compasses as the delineation of templates and the layout of plans on the 
ground had done previously. The capacity to congruently replicate the 
geometric relations drawn on paper at the building site was also only 
possible through the correspondence between the operations of compass 
and straightedges on the drafting board with that of stakes, pins, strings, 
chalk-lines or plumb-lines on the building site. Just as we are unaware of 
grammar when we speak, we are also unmindful of this logic of geometry 
“at hand” when we draw. Grammar and Euclidean geometry inductively 
structure the respective practices of speaking and drawing: no knowledge 
of grammar is necessary to exercise speech, and no explicit knowledge of 
Euclidean geometry is necessary to produce an architectural drawing. Still, 
speaking and drawing embody the idealisations of grammar and geometry, 
and the performances of the former comply to a large degree with the 
abstractions of the latter. 
 
A typical example of such geometry “at hand” is the regular procedure of 
drawing a line tangent to a circle through a given point outside it, a case 
found often in plans or sections of buildings. The method involves tracing 
a second circle whose centre is the middle point of a line drawn between 
the centre of the original circle and the given external point, and whose 
radius is the distance to either of them. The two lines drawn between the 
point and the intersections of this second circle with the first will be both 
the sought tangents. The method is based on the principle that any line 
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tangent to a circle is perpendicular to one of its radii; it subsequently applies 
Thales’s theorem to inscribe a right-angle triangle into a circle, one of the 
initial postulates of Greek geometry (the XXXI proposition of the third 
book of Euclid’s Elements). While this is just an illustrative case, the 
construction and reproducibility of more prosaic geometric relations like 
parallels, distances or angles, followed the same congruency principle 
ensured by the use of compasses, straightedges or any of their equivalents. 
The eventual translation of figures between different surfaces, such as the 
one of the drawing and the building site, only became possible through the 
capacity to perform the same geometrical manipulations on paper and on 
site. Consequently, it is not so much the conventions of projective geometry 
that have been challenged by the digitalisation of drawing, but its 
fundamental geometric basis, a basis that enabled the reading of a drawing 
as the enactment of procedures encoded in Greek axiomatic geometry, and 
that made possible their reproduction at the building site. 
 
In comparison, the digitalisation of drawing took place under the premise 
that “Pen and ink or pencil and paper have no inherent structure. They 
only make dirty marks on paper,” as Ivan Sutherland, the reputed inventor 
of CAD, put it.18, 19 The compasses, squares, rulers, parallel bars and their 
associated drawing technics were displaced by the graphic user interfaces 
of CAD, unheeding to their logic and origins; problems like the drawing a 
tangent described above can now be solved by choosing entries from a 
menu and clicking on geometric visualisations on a screen. The graphic 
user interfaces (GUIs) that ordinarily manage these interactions, while 
often co-opting the conventions of traditional drawing, use algorithmic 
methods to generate equivalents to the geometrical constructions encoded 
in classic geometry and projective geometry. Based on the mathematical 
formulas of analytic geometry and linear algebra, these procedures have 
more to do with the numeric calculations and algebraic methods developed 
from the seventeenth century onwards than with drawn or axiomatic 
geometry. The consequences of this change of geometric paradigms, from 
an axiomatic and Euclidean one to an algebraic and Cartesian one, are not 
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only qualitative; a great part of the knowledge typical to architects is now, 
in its algebraic form, black-boxed, inscribed through programming 
languages that are out of architecture’s scope because they do not belong 
to its traditional practices. Today, anyone can generate a complex spline 
curve by performing a sequence of mouse clicks, which will be most likely 
calculated through an algorithm like De Boor’s, using recursion to 
interpolate numerical values (Cartesian coordinates of the spline curve) 
from a number of polynomial functions that define the shape of the spline 
in the terms of traditional calculus. But most people drawing a spline will 
be oblivious to the process of computation that leads to a shape on the 
screen; as Antoine Picon has put it, the computer veils the presence of 
mathematics.20 Hence, the reproduction of a spline “on site” is exceedingly 
difficult using traditional geometry; one of the few viable solutions for 
materialising such a shape is the use of some machining process. 
Fabrication then is not just a prodigious possibility, but a necessity of the 
new digital drawing. New geometric possibilities have been a selling point 
for architectural software, together with efficient workflows and effortless 
labour; but these have come at the cost of shifting geometrical knowledge 
– even of such quotidian tasks as drawing a tangent – somewhere else, to 
the developers of software or to the engineering firms that are now 
responsible for “post-rationalising” our clicks on the screen, and that need 
to mediate between graphic representations and building sites, a mediation 
previously ensured by the congruencies of a geometry “at hand” between 
the architectural drawing and the building site. This sort of antiquity’s 
BIM, based on geometrical congruency, was so embedded in the practices 
of drawing and building that architects have, for the most part, been 
unaware of it. 
 
Perhaps in this “digital turn” it would be then worth considering what we 
are turning into as much as what we are turning away from. The work in 
this thesis relates to a practice of programming; its intention is to propose 
a critical practice that problematises and articulates this shift from drawing 
to computation. One of its main arguments is how this shift interferes and 
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disrupts not only the architectural modes of production that have been 
based on drawn representations since the Renaissance, but also those that 
have implicated, since antiquity, geometries “at hand,” at work long before 
drawing became the locus of architectural production. This has meant the 
obsolescence of traditional modes of reading and writing drawings, which 
made possible their interpretation not as mere geometric depictions but as 
notations encoding their reproducibility as buildings. Consequently, 
making a drawing meant building its geometry, a process that could later 
be reproduced at the building site. A literacy of geometry regulated what 
could be drawn and built by establishing a correspondence between the 
two: if the geometry could be drawn, it could also be built, and inversely, 
making something buildable required working out how to draw it – a 
central point in Robin Evans’s “The Projective Cast: Architecture and its 
Three Geometries.”9 Instead, in the computer, what is left from drawing 
practice are some of its conventions, now digitally re-mediated,21 which 
effectively conceals its absence; geometric literacy has been displaced by 
skills in operating software that produces images of drawings, under the 
illusion that these skills simply augment traditional forms of architectural 
inscription, a process outlined in the first text of this thesis “Out of Control: 
the Media of Architecture, Cybernetics and Design.” 
 
An important intention in the works included as part of this thesis is hence 
to propose a new architectural literacy based on computer code, which by 
engaging programming and electronics may allow architects to address 
some of the conditions introduced by architecture’s digital re-mediation, 
an effort that prolongs and parallels other similar attempts.22, 23 Friedrich 
Kittler distinguished between the two distinct literacies at work in Germany 
during the nineteenth century: one associated with the technical, social and 
academic regimes linked with universal alphabetisation during the first half 
of the 1800s, and exemplified in the romantic writings of Goethe or 
Hoffmann; the other with the technologies of mechanical writing and 
speech storage at the conclusion of the century, epitomised by Nietzsche’s 
thought, Psychoanalysis, or the concrete poetry of Morgenstern and 
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Apollinaire.5 The texts and works included in this thesis reflect a 
comparable shift, perhaps even more drastic, from drawing to code in 
architecture; they try to consider this fracture in modes of architectural 
inscription as something in need of negotiation, of invention of new forms 
of reading and writing architecture. 
 
But code is not the only source for a potential literacy: if there is a positive 
effect of this obsolescence of geometric practices it is architecture’s 
emancipation from their total regulation of the discipline; it is both 
necessary and possible to propose heterogeneous forms of writing and 
reading architecture. This has been the case since the early 1990s, when 
CAD began dominating commercial practice and computation became a 
chief concern in academic and vanguardist practices – the moment that 
Carpo identifies as the “digital turn” in his compilation of  articles from the 
AD (Architectural Design) magazine from the period.13 Unfortunately, an 
exhaustive analysis or even enumeration of the different forms of 
addressing the relation between the computer and architecture over more 
than two decades is not possible in this introduction; Carpo’s compendium 
includes some of the most relevant examples of dominant tendencies and 
approaches of this time. 
 
Proposing an architectural literacy of computer code belongs within a 
larger context that considers programming critical for enunciating a design 
practice. It includes approaches in graphic design or interaction design, one 
of the most prominent contributions to which were the efforts begun by 
John Maeda at the MIT Media Lab during the mid 1990s.24 The work 
presented here is a continuation of that initiated by Paul Coates, who from 
the early 1970s until his death in 2013 took programming as the core of his 
research and teaching.22 It is also necessary in this respect to mention other 
attempts that consider code literacy within architecture, such as that 
carried out at the Computer Aided Architectural Design (CAAD) chair at 
ETH, which has over many years advanced work relevant to the one 
presented in this thesis; “Coding as Literacy” was for example the title of a 
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conference organised by the chair in 2014.23 Another important reference 
is the work of John Frazer, who in his teaching and practice looked at forms 
of generating architecture through computers, and produced software and 
hardware for this purpose.25 But actually, many of the influences and 
sources for the works in this thesis belong to a time before “the digital turn,” 
a time before CAD and modelling packages, before GUIs and the 
computer mouse, a time when programming was not an option, but the 
only way of engaging computers in architecture. 
 
Paleo-digital architecture 
Referring to contemporary dismissals of the work of Cezanne, art historian 
Carol Armstrong has denounced the dominance of a modernity in art of 
which the only binding value seems to be its contemporaneity, its obeying 
of the imperative to be "of our time.” She identified the origin of such a 
modernity in art with Baudelaire, as one that embraced a linear theory of 
history based on Hegelian dialectics, in which ruptures and revolutions 
resolve into an inevitable forward march of history: in this view, all that is 
no longer viable will be left in the dust; the past is seen as a garbage heap. 
Armstrong reasoned that to be of our time, we should instead consider the 
multiplicity of pasts and presents, of different heritages, trajectories, 
velocities, and points of view; our time made of different diachronicities 
and synchronicities. The past would then still “remain part and parcel of 
present discourse.”26 
 
Armstrong’s characterisation of contemporary art can certainly be 
recognised in architecture’s eagerness to respond to the rather narrow slice 
of time that it considers its present. Repeatedly, this commandment to be 
modern has been combined with a rhetoric of progress borrowed from 
technology, resulting in an architecture not only compelled to addresses the 
present, but also inscribed within a narrative of technological evolution and 
constant progress. The ensuing obsolescence of methods, technologies, 
forms, aesthetics, approaches and discourses is accompanied by the 
anxious purchase of computing hardware, modelling packages, fabrication 
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labs and robots by architecture schools and practices, a dynamic out of 
which it is hard to opt, seeing as we are all required, and often are more 
than willing, to be “of our time.” This research wants to sidestep this 
vanguardist thinking. Much of its interest is instead the rearguard – that 
which has just been left behind and barely begun to become history. This 
is a rearguard that is nonetheless present, “part and parcel of present 
discourse,” often suppressed as its background noise, following the 
antithetic logic of dialectics, as the negative image of current discourse. At 
the same time, technologies – despite occasional paradigm shifts and 
dramatic realignments – work by slow build-up and accumulation. For 
example, despite the steady improvements in efficiency and performance, 
the computer is essentially unchanged since it first appeared during the late 
1940s; computer languages and algorithms, though constantly evolving, 
follow and develop concepts laid out during the late ‘50s and early ‘60s: a 
book on algorithms or language design from the time still includes the most 
relevant cases and underlying principles for contemporary situations. The 
presence of these continuities escapes the critical apparatus of a discourse 
fixated on the present, and which relies on constant obsolescence of 
technologies and concepts. Thus any “Archaeology of the Digital”27 that 
extends only as far as the “digital turn” may well circumvent a problem-
ridden past, arguably irrelevant from a technological or discursive 
perspective, but it will at the same time forego the chance of a historical 
depth in understanding the relation of architecture and computers. The 
technological structure of the computer instantiates quite graphically this 
archaeological allegory: layer upon layer, strata of abstractions have been 
piling up on the computer, from the positivist logic that gave birth to its 
conceptualisation during the 1930s, the military-industrial complexes of 
WWII that made it technologically possible, the linguistic theories that 
articulated its use and programmability during the 1960s, the visual 
abstractions that made it marketable during the 1970s and ‘80s, or the 
military diagrams of infrastructural resilience that organised its 
communications during the 1990s and which still regulate our daily social 
interactions through the internet. In order to understand the strata onto 
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which present architecture rests in the computer, one may need to turn to 
the discourses that covertly regulate its materialisation through their 
inscription and incorporation into digital technology. 
 
Accordingly, this research considers a longer history of programming and 
architecture: the work of Paul Coates, John Frazer,25 the Architecture 
Machine Group,28, 29 or research carried at the Land Use and Built Form 
Studies (LUBFS) at Cambridge30 during the 1960s, ‘70s and ‘80s make up 
its historical background. This larger historical scope emphasises the 
continuities and constants that characterise the use of computers in 
architecture, rather than its novelties and shifts. It enables the proposal of 
a critique of the current state of affairs from these continuities, and the 
escape from a narrative of technological progress that stresses innovation. 
It also allows the re-examination and recuperation of ideas that may have 
been discarded too hastily, condemned by association with questionable 
discourses and projects and relegated to history’s garbage heap. 
 
During the last decade, a number of architecture researchers have begun 
addressing this longer history of computers in architecture: Altino João 
Magalhães Rocha’s doctoral thesis, which maps the conditions that gave 
rise to LUBFS at Cambridge University;31 Sean Keller, who critically 
considers the development of computational models of representation also 
at Cambridge during the 1960s;32, 33 Molly Wright Steenson’s work on 
Christopher Alexander, Cedric Price and Nicholas Negroponte;34 or Alise 
Upitis's analysis of Alexander’s “Notes on the Synthesis of Form” in 
connection to Design Method research35 and to the technical specifications 
of the IBM 7090 computer used by Alexander.36 Some of these authors 
have also contributed to “A Second Modernism: MIT, Architecture, and 
the ‘Techno-Social’ Moment,” which was edited by Arindam Dutta37 and 
looks at the technological orientation of architectural research at MIT 
during the 1960s and its insertion in the military-industrial complexes of 
the Cold War. Daniel Cardoso Llach’s thesis “Builders of the Vision: 
Technology and the Imagination of Design”19 recounts the process of 
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translation of drafting into computers, from Ivan Sutherland’s “Sketchpad” 
to Gehry Technologies’ Digital Project software, revealing its pattern of 
historical evolution as a transfer of engineering practices into architecture. 
Some of the protagonists of the time have also contributed to contemporary 
discussions: Philip Steadman recently responded to some of these historical 
and critical analyses in “Research in Architecture and Urban Studies at 
Cambridge in the 1960s and 1970s: What Really Happened.”38 These new 
readings shift and reposition the original research, allowing a critical 
reassessment that highlights its problems, and at the same time enabling its 
dialogue with current architectural thinking. 
 
The texts and artefacts in this thesis link in various ways to what could be 
defined as a “paleo-digital” architecture. They repurpose designs, methods 
and propositions using programs and electronics, but also texts of 
significance. Besides the recuperation of forgotten ideas, technologies and 
designs, the purpose of considering the recent past of computers in 
architecture is to establish a tentative archaeology of the digital which 
identifies the origins of discursive regularities, cutting across the historical 
layering of projects, programmes or stylistic periodisations. A more detailed 
account on how the present thesis is linked to this “paleo-digital” moment 
is given further below, together with the explanation of the theoretical 
frameworks of the research and in the introduction and description of the 
materials included in the thesis. 



 

 
 
 
 
3. A Description of Programs 
 
The preceding paragraphs have explained some of the significance of the 
shift from drawings to programs and the split it has entailed in connection 
with a history of architectural representation; they have also highlighted 
the need to study its effects within a present that looks beyond the 
conveniences and discretion of a progressive view of architecture and 
technology. Throughout the papers and artefacts of the thesis, this shift is 
also analysed in close relation to the materiality of drawings and the 
computer, and to the linked practices and discourses that discipline 
technology, and which are themselves in turn also regulated by technology. 
Considering programming in connection to its technological and material 
traits reveals some of the archival logics of the computer: different historical 
moments and apparently separate fields can be seen linked to the same 
technological modes of enunciation and circulation of statements. 
 
Programming in architecture is the common subject of the works in this 
thesis: they explain the material processes, formal and discursive limitations 
that shape architectural statements through programming. What is 
perhaps missing is a definition of programming that frames the different 
works, linking their findings and conclusions, and which allows the 
establishment of a clearer comparison with drawing. To think of 
programming as a form of representation would mean interpreting it under 
the categories and definitions of the drawing; the concept of notation, on 
the other hand, offers the chance to refashion architectural drawing 
according to the characteristics of the program. Notations, scores and 
scripts allow both the description of a continuity between drawings and 
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programs and their comparison to other artistic modes of inscription from 
music, theatre or dance, which have a tradition of, or are otherwise liable 
to, notation. 
 
Notation systems 
The late 1950s and early 1960s saw the development of the first higher 
level computer languages within a framework of Chomskian linguistics,39 
and even the use of these very same languages in architecture. Christopher 
Alexander wrote already then, in the recently developed FORTRAN, what 
in most likelihood were the first programs used in architecture40,41. At about 
the same time, philosopher Nelson Goodman – who was Chomsky’s 
former teacher – was advancing an aesthetic theory that analysed different 
arts through their symbol systems, through the letters, words, texts, 
pictures, diagrams and models which they used. Published a few years later 
as “Languages of Art: An Approach to a Theory of Symbols,”42 
Goodman’s aesthetics were grounded on similar linguistic and semiotic 
notions as those behind computer languages. Much of his analysis pivoted 
on the idea of notation and the amenability of the different arts to be 
notated. Goodman thus divided arts in two major categories: he defined 
arts such as painting that cannot comply to forms of notation as 
autographic; those such as music that make use of notation were on the 
other hand allographic.42 
 
In order to establish this difference, Goodman proposed a rigorous 
definition of what constitutes a notation system in contrast to larger symbol 
systems such as languages or discourses. While his theories took shape in 
the same academic milieu that was behind the invention of computer 
languages, a corresponding interest in notations, scores and linguistic 
structures was also patent in the arts at the time: the works of John Cage, 
referenced by Goodman himself; the explorations of the limits of notations 
in music and performance art by the Fluxus movement; the literary 
generative processes by the Oulipo group,43 or the conceptual art of Sol 
LeWitt who, in contradiction with Goodman’s own conclusions, proposed 
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through his Wall Drawings a script-based, program-driven, and thus 
allographic, form of painting. Within this historical context infused by the 
technologies and discourses of language, Goodman suggested a reading of 
art according to their principles, including an analysis of architecture’s 
systems of notation. 
 
In Goodman’s view, the basic properties required of a notational system 
are unambiguity and syntactic and semantic disjointness and 
differentiation. Unambiguity means that any character in a notation system 
will denote a single compliant set; that is, that every time a character may 
be interpreted – for example a note in a music score or a letter in a text – 
it will be interpreted in exactly the same way. Unambiguity does not bar 
on the other hand redundancy; in other words, that a set of characters may 
have the same compliant set, or to put it more simply, that the 
interpretation of different characters may produce the same results. The 
meaning of syntactic and semantic differentiation can be explained 
through the distinction between analogue and digital notational schemes: 
analogue are those systems that are syntactically and semantically 
undifferentiated to the extreme: a typical example of such a system would 
be a thermometer or a pressure gauge in which both the symbols employed 
– the bar of the thermometer or the dial of the gauge – and their correlates 
– temperature or pressure – are continuous and undifferentiated; on the 
contrary, digital schemes are discontinuous throughout, the discrete 
characters comprising them correlating one-to-one with compliance classes 
of similarly discontinuous sets. A digital system is discontinuous and 
differentiated throughout, syntactically and semantically, which 
corresponds to the requirements Goodman demands of a notation system: 
digital schemes are thus notational.42 
 
Goodman defines scores as the instances of characters written in a notation 
system in which their compliants consist of performances, be that a musical 
performance, a dance or a theatre play. A score or any of its copies defines 
a work: even if it may often seem a mere tool, and besides other practical 
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purposes, a score’s primary function in art, according to Goodman, is the 
authoritative identification of a work from performance to performance. 
From this are derived all of the requisite theoretic properties of scores and 
of the notational systems in which they are written.42 
 
Goodman’s conceptualisation of notation affords a different view of 
traditional architectural representations: for example, diagrams, because of 
their graphic, pictorial appearance and their contrast with the 
mathematical or verbal descriptions that often accompany them, may be 
thought to be analogue in type; but diagrams of molecules or graphs of 
networks, for example, are instead digital, and thus notational, in the sense 
given by Goodman. Others combine analogue and digital characteristics, 
such as maps.42 Furthermore, at first glance plans, sections or elevations 
could be classified as sketches, sharing the same autographic, non-
notational characteristics of a painting, while the lines, arcs and angles, 
subject to continuous variation, could be thought to embody the 
undifferentiated extension of analogue systems. But according to 
Goodman, a rough and distorted version of an architectural drawing, 
correctly annotated, qualifies as true copy of the most precisely drafted 
blueprint: it prescribes the constructive properties just as rigorously, and 
complies equally to the same building as the blueprint. Thus, architectural 
drawings are, to a considerable degree, also digital diagrams and scores. 
These observations coincide with how drawings have been previously 
explained, i.e. as encoding geometrical constructions that enable their 
reproduction as buildings. It places this explanation within the notational 
logic proposed by Goodman. Additionally, the reducibility of the 
operations of drawing instruments to the axioms of Euclidean geometry is 
evidence of their amenability to notation, and thus of the allographic 
quality of geometrical constructions in general. But in Goodman’s words, 
while the score in a musical composition legitimises any number of its 
performances as instances of the same work, in architecture the work is not 
disengaged from a particular building. Considering its notational system, 
architecture is definitely allographic; but since the identity of a work is not 
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exclusively linked to notation, as in music, and it is still associated with a 
particular production, architecture is a mixed, transitional case between 
autographic and allographic art.42 
 
Programs as notations 
To understand computer programs as notations and to reflect on the 
consequences of such interpretation for architecture requires first a 
definition of programs equivalent to that given for drawings. For an 
informal description of a program, one needs only to turn to its etymology: 
derived from the Greek, program means simply to write in advance. The 
word is composed of the prefix pro-, meaning ahead, forth or forward, as 
in project, problem or prophecy; and the suffix -gram, meaning that which 
is written or drawn, originally to scratch or leave a mark, as in diagram, 
telegram or phonogram. Computer programs are thus instructions 
inscribed in some material support that will elicit certain future operations 
in a computing agent. 
 
Goodman gives two reasons that underlie the need for notations in art: 
either works are transitory, such as in singing and reciting, or otherwise 
they may require many persons in their production, as is generally the case 
in architecture. Notations provide the means to transcend the limitations 
of time or the individual.42 At the same time, scores ensure the authoritative 
identification of a work, be it a musical composition or a design. Drawings 
are what identify the design as the work in architecture, despite the 
correspondence between the design and a single building. 
 
In contrast to drawings, computer programs are the result of a need for 
notation to describe transient and temporary performances, more akin to 
music than to architectural representations. Programs are scores whose 
correlates are the operations of a computer, some of which may eventually 
become perceivable phenomena – a colour of a pixel on a screen, a printed 
text, sound, the movements of a robot, laser cutter or a 3d printer. There 
is however a substantial difference between programs and other types of 
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temporal notations such as music scores or their mechanical equivalents in 
music boxes or player pianos, a difference that separates them from all 
previous forms of inscription: the separation and split between sequence 
and linearity. While traditional forms of inscribing temporal performances, 
from discourse or speech in ordinary writing to music notation, proceed 
through lineally ordered characters, a distinctive characteristic of 
programming is that some characters encode how to skip, jump to or to 
repeat other segments of the score. Thus a program, besides instructions 
specifying how to operate on memory-stored data or how to perform input 
and output operations, may also include symbols that control the order in 
which other symbols and scores will be performed. Programming is in effect 
a form of notation that encodes its own reading and writing, or as Kittler 
has put it, in contrast to all historical writing tools, a form of writing able 
to write and read by itself.44 
 
Programming is not a trivial historical development: when it first took 
shape as part of developments in mathematical logic during the 1930s and 
40s, it allowed for the first time in mathematics a rigorous way of describing 
the unfolding of processes in time.45 While algorithms had been an essential 
part of mathematics at least since the Babylonians,46 they lacked an 
adequate form of expression, depending on informal descriptions through 
verbal explanations, examples, and on their embedding into habits and 
practices of calculation. Mathematics, in spite of having sophisticated 
formalisms for describing static functional relations, had no means for the 
notation of dynamic processes. Alan Turing’s famous paper from 1936 is 
generally considered to have given the first definition of computation, and 
by extension of programming.45,47 It established the definition of an 
effective procedure, that is, an algorithm or computation, as depending on 
its conformity to be encoded in the form of an imaginary and abstract 
device known as a Turing machine. This machine consisted of a reading 
and writing mechanism and an infinitely long paper tape on which the 
machine could read and write from a set of symbols.48 Turing also 
introduced a type of device which could inscribe any other of his proposed 
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machines on its paper tape, and perform the same operations as the 
original machine. This universal Turing machine was in fact the first 
formal description of a computer. Additionally, the potential encoding of 
any possible effective procedure, or algorithm, as the symbols of its tape, 
was also the definition of a programming language. The formal 
requirement for programming languages has been since that they are able 
to describe and simulate the operations of any Turing machine, a 
requirement that is known as being Turing complete. Important features 
of Turing’s abstract model were later incorporated into the hardware of 
the first stored-program computers through what is known as the von-
Neumann architecture, and they are still part of most of current computers. 
Some of the details of how this process took place are explained in the last 
paper of this thesis. 
 
A small example 
The different texts included in this research contain a number of examples 
of programs, described in writing or notated in pseudocode. But these 
examples serve the purpose, after all, of explaining the algorithms that are 
the subjects of the papers, rather than illustrating what a program is. What 
follows is instead a very short program that will be used to examine some 
characteristics of programming as a system of notation. Running it 
produces the same typographical pattern or abstract calligram on the dust 
jacket of this thesis. Kittler described the concrete poetry of Christian 
Morgenstern’s ‘Fish’s Night Song’ as denoting the post-humanist discourse 
of mechanical writing;5 the resemblance between the output of this short 
program and the concrete poetry of Morgenstern is not coincidental, and 
a consequence of the technical continuum shared by computers and 
mechanical writing. In architecture, Archizoom´s typographical plans for 
the “No-Stop City” also partook of some of these qualities, shared with the 
ASCII graphics used to represent diagrams, charts and images in the paleo-
digital phase of architecture.  
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productions = {  
'   ': '%', 
'  %': ' ', 
' % ': ' ', 
' %%': ' ', 
'%  ': ' ', 
'% %': '%', 
'%% ': '%', 
'%%%': '%', 
} 
 
def parse(string): 
 size = len(string) 
 newString = '' 
 for i in xrange(0, size): 
  c = string[ (i + size - 1 ) % size ]\ 
   + string[i]\ 
   + string[ ( i + 1 ) % size ]  
  newString += productions[c] 
 return newString 
 
textLine='                          %                         ' 
 
for i in xrange(0,60): 
 print textLine 
 textLine=parse(textLine) 
 
 

Written in Python, the program implements the one-dimensional cellular 
automata algorithm described by Stephen Wolfram in “A New Kind of 
Science”; specifically, rule 225 in his enumeration system.49 The code 
consists of a set of typographical production rules that substitute each 
character in an existing string for another one, depending also on its  two 
neighbouring characters . The rules for these substitutions are given in the 
dictionary data structure called “productions” at the very beginning of 
the program. After defining the main function, called “parse(),” the code 
starts executing in the line beginning with “textLine=,” which describes 
the initial state of the data on which the program will operate. In this case 
this is as a string made up of ‘ ’ (empty spaces) and of ‘%’ signs. Subsequently, 
the control of the program moves to a loop that calls the “parse()” 
function 60 times to calculate a new string according to the production 
rules. The program can be run in any Python interpreter like those 
preinstalled in many popular operating systems. One can open Python in 
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the terminal or command line (by typing “python”), copy-paste the text 
above, and press the “enter” key in order to run it. The resulting sequence 
of characters are a partial record of the performance of the program: read 
from left to right and top to bottom, each character is the trace of a writing 
operation in the “parse()” function as specified in the “newString += 
productions[c]”; each line a trace of a call to “parse().” 
 
Work and the compliances of a program. 
In this analysis of the characteristics of programming as a form of notation, 
the next question is what it is that programs notate. As scores inscribe music 
through symbols that correlate to frequencies and durations, what 
programs notate are algorithms, through symbols that have as their 
compliances operations of some computing mechanism. Despite the 
capacity of computer programs to interact with screens, printers, touch 
pads, keyboards, cameras, microphones, speakers, and all the possible 
peripherals through which we make sense of the processes they inscribe, 
these capacities are, from the point of view of the notation of algorithms, 
only practical and secondary; their only purpose is the feasibility of input 
and output to the algorithms. But while these could be executed without 
any interaction with the external world, we would never be able to make 
sense of their results. At the same time, it would not be possible to use 
programs to do any effective work, to process any meaningful information 
or control any process. Still, the only relevant characteristics of a computer 
language from the point of view of representing algorithms are those that 
make it Turing complete; that is, capable of describing any Turing 
machine, of inscribing any algorithm. 
 
Paradoxically, and despite its centrality to programs, there is no formal 
definition of what an algorithm is. Informally, an algorithm can be simply 
described as a sequence of computational steps that transforms an input 
into an output.50 However, mathematician Alonzo Church conjectured 
that an algorithm corresponded to any function that can be computed by 
a Turing machine, a hypothesis known as the Church-Turing thesis, and 
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the closest to a formal definition of an algorithm.48, 51 But since 
programming languages are Turing complete, this seems to lead to a 
tautological definition of algorithms: procedures written in any 
programming language are always equivalent of some Turing machine 
(according to the definition of Turing completeness), and consequently, 
they are always algorithms; put simply, anything that can be stated in a 
programming notation can be considered an algorithm. Also, since all 
programming languages need to be Turing complete, they are all 
equivalent to each other, and translation is always possible between them. 
The algorithm is then what remains the same in any potential translation 
between programming languages.51 Not surprisingly, this also fulfils one of 
Goodman’s characterisations of a notation system: in a system with 
redundancies, there can be a variety of scores unambiguously describing 
the performance of the same work.42 Programming as a whole constitutes 
then the same system of notation, in which the different languages and 
styles are simply a result of its redundancy as a system. 
 
Programs do not consist simply of instructions: the tape in a Turing 
machine readily suggests a material support from and into which symbols 
are respectively read and written. Other models of computation, from 
formal to actual physical computers, require some sort of equivalent 
memory. Programs operate on data, creating, changing or erasing it; this 
data may consist of symbols written on paper by hand if the computing 
agent is human, or electric potentials stored in the memory cells of an 
electronic computer. But the distinction between data and instructions is 
effectively a practical one: both are characters in the notation system of 
programming. In the short program example given above, the characters 
to be written are conditioned by those in the previous line, and in a sense, 
these are as much data as they are the instructions encoding and 
conditioning how the next line of text will be written. 
 
When the data originates outside the program from some memory storage 
or sensor readings, or is fed in by a user, these values constitute the input 
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to the program. The relation between a program and input data has 
significant implications for the definitions of what a score is in 
programming. One of the requirements given by Goodman for a system of 
notation is its unambiguity: a score can only be defined as such if it has a 
repeatable performance as its unambiguous compliant. If any input data 
exists, then the definition of the score will need to include both the program 
and its input in order to conform to its unambiguous identification with a 
performance. Programs that use complex input, such as sensor data or 
user’s interaction, will still fulfil this criterion, even if the original input may 
be difficult to retrieve in practice. Program+input defines a score in the 
notation system of programming. 
 
Furthermore, the compliant of a program+input as a score is not its output, 
but the performance of the algorithm. Otherwise, one could for instance 
write a trivial program to produce the same results as the example program 
above by simply putting all of the output text, the whole sequence of ‘%’s 
and ‘ ’s  in a string, and have it printed directly, like this: 
 
 
print ‘                          %                          
%%%%%%%%%%%%%%%%%%%%%%%%%   %%%%%%%%%%%%%%%%%%%%%%%% 
%%%%%%%%%%%%%%%%%%%%%%%%% %  %%%%%%%%%%%%%%%%%%%%%%% 
%%%%%%%%%%%%%%%%%%%%%%%%%%    %%%%%%%%%%%%%%%%%%%%%% 
# The rest of the characters would go here… 
# … 
# … 
% %  %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %%%%% %%’ 
 
 

Such a program will comprise no algorithm in any useful meaning, as it 
consists of a single instruction for printing out a string to a terminal. 
Clearly, output is not the compliant of a program; but neither are its results 
in a more general sense. An illustrative example are the common sorting 
algorithms, typical of any introductory course to computer science: sorting 
lists of unordered elements such as dates or names in increasing or 
alphabetic order, is a recurring operation in programming. Because of its 
frequency, there exist a number of algorithms that sort elements efficiently: 
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insertion-sort, bubble-sort, merge-sort, heap-sort, quick-sort, or even the 
radix sort algorithm proposed by Herman Hollerith for the 1890 American 
census.50 Each algorithm, written as a program in any arbitrary computer 
language, will achieve the same results as any of the others for a given input: 
it will order the elements of the input list. Each will do this in a different 
way however: some of the methods will work more efficiently for a certain 
type of element in the lists, some will be faster, some will use less memory 
or some may be simpler and more manageable. Thus, though programs 
implementing the different algorithms will apparently do the same thing 
(sort a list) and produce the same result (the sorted elements), their 
performances will be different. These differences may be significant to the 
practical uses of these programs. 
 
In this identification of algorithms as the compliants of programs, it is also 
necessary to address their recoverability: in Goodman’s definition, given a 
notational system and a performance of a score, the score is recoverable. 
This possibility identifies a work with a score: from compliant performance 
to score-inscription, from score to performance, and between copies of the 
score.42 It is possible to recover a score from a musical performance, the 
script from a play, or drawings from an existing building; but is this possible 
in the case of a program? It may be argued that one can hardly derive 
programming code from observing software. On the other hand, if one 
could slow down and at the same time have an insight into the hardware 
executing a piece of software, it would in theory be possible to produce a 
script or program of the performance, a practice common in reverse-
engineering. Alternatively, if a human were to perform the program, it 
would also be possible to recover the score of the performance of 
computations. The problem of recovery is not intrinsic to the notation 
system of programming, but to the particularities of its material 
implementation: the operation of electronics on a time scale that falls 
outside human senses and which is also physically closed to scrutiny. 
Recovery is a practical impossibility in most cases, but not a theoretical 
one. Program+input have been defined as the score in the notation system 
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of programming, as it is only together that they ensure the unambiguous 
identification between score and performance; otherwise the same 
program may perform differently depending on the input. Thus it may not 
be possible, with a limited set of inputs, to describe a program completely. 
It will however be possible to describe a program+input that complies with 
a specific performance, and thus to recover it as the score of that particular 
performance. 
 
While program+input strictly equates a definition of a score, programs are 
in general considered independently of their input. A relevant example is 
the Catmull-Clark algorithm for subdivision surfaces as implemented by 
Jos Stam in the modelling and animation software Maya. Independently of 
the initial 3d mesh used as an input, the results of the algorithm will be 
recognisable in the smoothness and the quad topology of its results. 
Catmull-Clark’s algorithm is relevant in this case because of its influence 
on some recent architecture, but also because it earned Edwin Catmull and 
Jos Stam an Oscar in 2005. This recognition is evidence of the importance 
of programs within an artistic context, the disputability of this context 
notwithstanding. Work considered only as that which is unambiguously 
denoted by program+input clearly does not correspond to how programs 
are perceive in reality as works. But then, what does constitute a work in 
the case of programming? If one considers only the program without the 
input, what is left is a fragment of a score, uncompleted as a work. What is 
identified only with the program then are not unambiguous performances, 
but the virtualities that it defines. It is possible to modify the small example 
program above thus that it asks for user input, rather than always 
processing the same string unambiguously into identical results. A 
necessary modification would be to change the line of code defining the 
initial string: 
 
 
textLine = raw_input("enter a string made only of ' ' spaces and 
'%' signs:") 
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Now the program will ask for, and accept, any correctly formatted string 
and produce different outputs accordingly. Yet, the performances of the 
program, which will result in different typographic patterns, will be 
identifiable as the unambiguous application of the same rules to a different 
input, or in other words, as the execution of the same program. Similarly, 
other parts of the code may also be subjected to variability by opening them 
to input, for example the basic rules defined in “productions”: examples 
illustrating different rules operating on similar input are included at the 
beginning of this thesis. Any changes to the input expand the number of 
potential performances of the program, and modify the virtuality that it 
defines. But all of these virtual performances are intrinsically linked to all 
potential inputs: in point of fact, it is the virtuality of its inputs that a 
program defines, as its performances will always and unambiguously be 
functions of them. All potential inputs to a program consist of the subset of 
characters of the full notation system of programming, which the program 
will accept as its input; this subset is effectively a notation system itself. In 
the small example above, an input can be any sequence of ‘ ’ and ‘%’ 
characters, its maximum length only limited by the memory available to 
the specific machine that will run it. A program limits and structures its 
inputs by imposing on them an alphabet and syntax: from the format of a 
file, to the types of gestures and interactions possible in a GUI. The fourth 
paper in this thesis looks at how programming conventions and material 
limitations of computers syntactically structure and limit the representation 
of space as data, for example. 
 
The complexity of the input set and its transformation into performances 
by the program define the shifting and often unclear limits of the work in 
the notation system of programming. Still, work in a traditional sense is 
possible in computers because program+input functions as a score that can 
be copied and unambiguously performed. This is how architectural 
drawings can be digitally re-mediated: despite the abandonment of 
“geometries at hand,” the program+input that now encode drawings 
preserve their unambiguous identification with a design. However, the 
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digital entities such as files associated with drawings are only the input to 
programs that repeatedly and unambiguously perform them as geometry, 
on screen, on paper or through any other process of translation and 
fabrication. 
 
But to what extent is a work in the computer defined by its input data and 
to what extent by its program? The extreme case is that of interpreters and 
compilers, programs that are essential to the practice of programming: 
these take as their input the description of a program in a certain language 
and immediately execute them, in the case of an interpreter, or translate 
them to some machine language that can later be directly executed, in the 
case of a compiler. However instrumental such programs may be, generally 
it would be hard to argue that the resulting performance (the interpretation 
or translation) is mostly their result. A CAD drawing may be another 
example: despite CAD’s disruptive effect on drawing literacy, and the 
syntactic limitations it may impose to its data, it would be difficult to 
contend that a design work produced through a CAD program is mostly 
due to it, and largely independent of its input. But this view becomes 
complicated in the cases of more complex algorithms such as those involved 
in generating the complex geometries of nurbs, or subdivision surfaces; 
even more so in the case of the elaborate effects of fluid dynamic, fabric or 
hair simulations.  
 
Clearly, these observations are only relevant in considering work in the 
strict terms of a notation system and the instrumental use made here of 
Goodman’s precise definition; work is otherwise, in art or architecture, a 
far more complex matter than its relation to notation. But no matter how 
limited this description, it allows to outline some of the concerns of a 
research and practice that considers programs as architectural work, in 
contrast to those who may not problematise their use or those that 
investigate their implications solely through input data. Putting programs 
at the centre makes the translation of potential inputs into performances 
the subject of both research and practice. This is patent in all of the 
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examples included in this thesis, from the perspective machine of the first 
text to the diagrammatic operations of the second, third and fourth papers, 
concluding with the performance of the elementary display of the last 
article. 
 
The emphasis on program, rather than data, is also an emphasis on process 
instead of form. The objects of notation of drawings are ultimately 
extension and space, materially inscribed in supports that share this 
extension and spatiality, from the paper of a drawing to its simulation on a 
computer screen. Programming on the other hand unfolds and notates 
sequences in time: space and extension need to subordinate to its notational 
specificities. Some of these differences between drawings and programs 
coincide with the two categories that, according to Carlo Diano, have 
dominated Western civilisation since the Greeks: form and event. Form or 
eidos – etymologically a seen thing – is characterised by vision, figure, 
space, permanence and generality; event is identified with temporality, 
sequence and number.52 As a consequence, programming promotes a 
return to a dominance of the auditory and tactile, of the “one thing after 
another” that Ivins identified with the Greeks, and McLuhan with the 
reinstatement of tribal attitudes by electronic media, a tactility quite 
apparent in the etymology of the word “digital.” If McLuhan and Ivins 
identified typography and projective geometry with the dominance of the 
visual, the digital then reinstates the temporality, sequence and number of 
the event. Its potential to articulate a relation between architecture and 
computers has already been suggested by Antoine Picon. In Picon’s view, 
computers are systems of programmed events in which a single bit of 
information is nothing but an elementary event on top of which more 
complex occurrences are built.53 Programming as a form of architectural 
writing in close relation to attributes of the event such as accident, 
temporality or contingency – in contrast to those of form like regularity, 
design or control – are an aspect of the research in this thesis that is 
becoming a central concern for the practice that drives it. 
 



 

 
 
 
 
4. Method 
 
In 1984, and what were still the early days of CAD, KTH professor of 
Architecture Methodology Jerker Lundequist contributed with a chapter 
on ideology and technology to Bo Göransson’s edited book 
“Datautvecklingens Filosofi” (The Philosophy of the Development of 
Computers.)54 Lundequist’s contribution “Ideologi och Teknologi” 
(Ideology and Technology) called for a critique of information technology, 
a systematic effort in defining the boundaries of its relevance as a 
technological system and its capacities and limitations in relation to its field 
of application. Lundequist maintained that such critique should necessarily 
deal with the origin and genesis of information technology, that is, with its 
historical development, as it also considered its specific applications in 
detail. The analysis would also require effectuation from the outside, in 
relation to the context in which information technology would operate, as 
well as from the inside, looking at the qualities of information technology 
itself. Finally, Lundequist urged also to include the ideological content in 
the analysis that, according to him, all practices incorporate and effect. 
While the works in this thesis have been carried independently of 
Lundequist’s appeal, they correspond quite closely to the programme of his 
critique: the effort is to describe a framework that enables an analysis of the 
role computers play in architecture, as well as the proposition of new forms 
of making architecture through computers. Following Lundequist, this 
framework considers the historical genesis of the computer and its use in 
architecture, together with particular examples of its application, tested 
through the artefacts in the thesis. Finally, it examines the computer both 
“from the outside” in relation to a view of architecture largely defined by 
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drawing practices, as well as from within, in relation to material assemblies 
and programming practices. 
 
Considering the circumstances surrounding the progress of this thesis, 
shifting between academic contexts and even practice, one may wonder 
what method may possibly allow the consistent pursuit of such an agenda. 
One may recourse to the lack of method as a methodology itself, what Paul 
Feyerabend defined as “epistemological anarchism,”55 as a way of 
recounting the evolution of the research. But even if a lack of an explicit 
method may very well correspond to the actual process taking place, it is 
also possible to identify insistent continuities and repetitions that are not 
the result of some evolutionary or chance process, but a consequence of 
conscious allegiances and commitments to practices and projects. In 
retrospect, the perhaps less polemic concept of “research programme” may 
work as a better framing device, identifying core enquiries and relating 
them to a larger context, retroactively identified also with Lundequist’s 
appeal and corresponding efforts to articulate the relation between 
architecture and computers. 
 
Research programmes 
Research programmes were proposed by Imre Lakatos56, 57 as an 
alternative and critique to Thomas Kuhn’s58 and Karl Popper’s59 
historiographies of science. Lakatos's intention was to advance a model that 
explained scientific growth not through the constant criticism of Popper or 
the paradigm shifts and the normal sciences of Kuhn, but as the result of 
competing research programmes, a model that accounted for both the 
continuities and shifts that characterise research in general. Lakatos’s 
model also encouraged a historical depth, a long hindsight, in order to 
consider “defeated” programmes, as they may turn out to have been valid 
after all.57 A Lakatosian research programme consists of a set of concepts 
and ground hypothesis that form its “hard core” and main drive, and which 
are unquestionable if the programme is to maintain its integrity. A number 
of methodological rules that Lakatos calls “the negative heuristics” regulate 
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this hard core and define what paths of research to avoid. Surrounding the 
core, auxiliary hypothesis create a protective belt around it, susceptible to 
test and critique, adjustments, readjustments or replacement, in order to 
maintain internal agreement among the hard core, the auxiliary 
hypotheses and criticism from outside the programme. Auxiliary 
hypothesis or ‘refutable variants’ are in turn governed by the positive 
heuristics of the research programme, a partially articulated set of 
suggestions or hints on how to modify and sophisticate the protective belt. 
The positive heuristic sets out how to produce and test models that increase 
in explanatory power, based on the assumption of the core hypothesis. The 
core of the research program, on the other hand, is irrefutable by the 
methodological decision of its protagonists and their commitment to it.56 
 
The original concept of the research programme was circumscribed to 
scientific knowledge; the examples used by Lakatos to illustrate and explain 
it came from the natural sciences. Hence, its strict application to describe 
the type of research of this thesis would be inappropriate in principle. But 
the basic constituents and structure of research programmes compose a 
diagram that may be co-opted as a framing device, applied to research 
marked by the contrasting inertial masses of a centre of commitment and 
its surrounding belt of refutable variants and models, all under the 
influence of criticism. Lakatos’s programmes provide a model for the 
progress of the research, a narrative structure that makes sense of otherwise 
apparently disconnected statements, and which corresponds closely to a 
description of the methods and course of this research. 
 
In the same year that Lundequist’s text was published, Stanford Anderson 
wrote an article entitled “Architectural Design as a System of Research 
Programs”60 in which he applied Lakatos’s ideas to design, also including 
the production of artefacts as a part of research. In Anderson’s model of an 
architectural research programme, the hard core is made of architectural 
theories, while artefacts take the place of models and refutable variants. 
Anderson saw this system as made up of two related but not 
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deterministically controlled activities: a conceptual programme, close to 
that of Lakatos, and an artefactual programme concerned with the 
systematic exploration of physical models. These models were always open 
to interpretations; they had a quasi-autonomy both in relation to the 
conceptual program and to external factors. 
 
Brandt, Redström, Eriksen and Binder have also shown parallels between 
the provisional knowledge regimes established in design research and 
research programmes.61 They consider for example the foundational role 
of the Bauhaus in instituting a design education and method based on the 
idea of programme. At the heart of this method is a commitment to a core 
concern arising from material, production or aesthetic interests, which 
unfolds as a process consisting of tests and progressive experimentation. 
This correspondence between the design methodologies of the Bauhaus 
and scientific research is not a simple coincidence, as the Bauhaus, in its 
effort to respond to the requirements of industrial production, mirrored the 
newly established forms of research and development in industry. 
Experimental thinking modelled after scientific and technical modes of 
research was also part of Russian constructivism, in which “laboratory 
work” described formal investigations undertaken neither as an end in 
themselves nor for immediate utilitarian purposes, but with the intention 
that such experimentation would eventually contribute to the solution of 
some utilitarian task. Constructivist laboratory work instituted a science of 
design, concerned with establishing the objective basis of artistic criteria 
and general laws of their interrelationships, so that these could be exploited 
later in the design process.62 
 
Hence, borrowing a scientific historiographic model to explain the progress 
of this thesis may be also justified by the inscription, at least since the 
modernist avant-gardes, of scientific modes of research as artistic and 
design experimentation. Many of the explicit references and precedents of 
the research, such as the Architecture Machine Group, proceeded along 
similar lines as they matched technological development with modernist 
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artistic research. In the case of LUBFS, it overtly carried out a research 
programme linked to the methods and goals of constructivism set up by its 
founder Leslie Martin.63 
 
The research programme of this thesis 
The use of a research programme for structuring and framing design 
research, despite its usefulness and historical substantiation, is not at all 
straightforward. The two different uses and adaptations just given above – 
one by Stanford Anderson and a more recent one by Brandt, Redström et 
al. – work as starting points in disclosing the research programme of this 
thesis. But pinpointing the correspondences between Lakatos’s definition 
and the work presented here also means proposing an alternative that, even 
if incorporating many of the observations of these two previous examples, 
also differs markedly from them. 
 
As previously explained, the hard core of a research programme is its 
irrefutable basis, at which, in accordance with its negative heuristic, no 
critique can be directed, ensured by the adherents of the programme’s 
commitment to it. If commitment is denoted by continuity, this can be 
identified in the thesis with a practice of programming, together with a 
sense of its relevance to architecture. It is summarised in the title given to 
the thesis: “Program Matters,” as the research both looks at the import of 
programming, and examines its materiality and practice. Essential to this 
aim is to define how programming articulates architectural statements – 
interactive installations, information objects, representations, analyses, 
softwares, algorithms, designs, visualisations, geometrical entities, 
machined items etc. – and the type of statements available to architecture 
through programming; how programming works as a medium and an 
archive. 
 
Besides the core, a research programme is also made of the ancillary 
theories that modulate the relation with its exterior. A premise patent 
throughout the thesis is the understanding of programming as a form of 
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architectural notation. Programming is used directly as the means to design 
all artefacts in the thesis, often with an emphasis on its differences with 
drawing, on paper or in the computer. This comparison with graphic forms 
of architectural representation, from plans and sections to diagrams, has 
proven productive in propelling forward the core of the programme. 
Thinking of the move “from drawing to code” has allowed the definition 
of important qualities of programming in architecture; contrasting the two 
allows the study of what it is possible to say through programs and what 
they no longer afford to say. Another constant throughout this thesis is an 
analysis of programming in relation to its materiality, which considers its 
physical characteristics, historical contingencies and its formal constrains 
as a technology, as well as the practices that regulate it. Hands-on 
programming and building hardware, together with an interest in 
discourses of programming and media theories which address materiality, 
are some of the positive heuristics supporting this relevance of materiality 
as central to the ancillary theories in the schema of a research programme. 
 
These supporting theories have also been subjected to change and 
criticism, proposed, tested, modified or even discarded following the logic 
of a research programme. For example, the first paper makes use of 
cybernetics to explain a shift from modes of authorship associated with 
drawing to the ones favoured by the computer. While cybernetics worked 
as the means to frame this change and to propose relations between 
material processes and representation, it fell short for describing more 
specific aspects of programming. Despite its historical connection to the 
computer, cybernetics had little capacity to address its technological, 
conceptual and material specificities, and thus it was not used in the rest of 
the texts and artefacts. Similarly, it is possible to perceive an evolution of 
concepts and models in the progress of the rest of the research.  An interest 
in algorithms and data structures arising from programming practice, 
patent in the second and third paper, led to a clearer formulation of how 
they pattern and shape the representation of geometry and space in the 
computer; later the same interest led to look more closely at the effects of 
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the seriality of programs on architecture, the main theme of the fourth and 
fifth papers. 
 
However, the role of these auxiliary theories is quite different to their 
purpose in a scientific research programme, as their function is not only 
explanatory, but also generative: part of their value is given by their 
potential to originate and inform artefactual statements, to creatively 
articulate the programme into artefacts. This generative capacity is 
dependent on the poietic potential of a model or theory, independently of 
its rational explanatory power. It consists of its capacities to establish links 
and associations, to address practical and theoretical aesthetics 
considerations, or to accommodate differences, contradictions and 
ambivalences, to produce meaningful statements that can be actualised 
into significant objects. 
 
Consequently, the relation between theories and artefacts is also distinct 
from that between explanatory theories and criticism and ‘facts’, or 
interpretative theories, in Lakatos. Artefacts play different roles in their 
relation with the ancillary theories: firstly, the artefacts work as experiments 
in accordance with the function they were attributed by Lakatos, in the 
sense that they test the programme’s hypothesis and theories and inform 
their iterative adjustment, a function similar to that assigned to them in 
Anderson’s interpretation. Thus, the role of artefacts is close to that already 
assigned by Constable to paintings, who observed that "Painting is a 
science (...) of which pictures are but the experiments.”64 Artefacts as 
experiments are both effect and source of theoretical thinking: the sites in 
which the explanatory capacity of theories and models are tested and 
where new theories and models often emerge. But secondly, and unlike 
scientific experiments, artefacts also assess the generative potential of 
theories, that is, their potential to be actualised into new statements in the 
form of artefacts. 
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To be clear, the scope of this characterisation of the artefact is limited to 
those aspects relevant to the research programme. The relation between 
theories and design in general is far more complex than this scheme, as any 
artefact is seldom the result of simply stated concerns or theories. Similarly, 
Anderson’s interpretation of research programmes emphasises the quasi-
autonomy of the artefact, as this will always be something other than the 
fulfilment of programmatic theories and always implicate more than is 
intended or than can be subsumed under any single conceptual 
programme. At the same time, an artefact will be open to other 
interpretations, and to being adopted into different programmes and 
discourses. 
 
This quasi-autonomy of the artefacts is conspicuous in this research: while 
the electrochemical devices, software, diagrams and illustrations, 
mechanical and electronic hardware, are identified through the texts with 
the programme and theories of this thesis, they have resulted from diverse 
projects, each one with individual agendas and goals to which the artefacts 
also need to answer. They would not be able to do so without the 
multivalence and autonomy of the artefact. A software that makes it 
possible to speculate on and test the material limitations of programming 
is also a tool to be used in research on circulations and patient/personnel 
interactions in hospitals; a prototype that explores the spatialisation of 
information events is at the same time a demonstration of web technologies 
for managing real-time communication. 
 
Hence, the research programme assembles and prevents the dispersion of 
the materials – texts and artefacts – of the thesis: it makes it possible to 
propose theories that advance the programme itself, and at the same time 
respond to the demands of different fields and contexts. The relations 
between research programme and projects are not simply opportunistic, 
chances to use different contexts and funding prospects to advance an 
independent programme. The different situations exert a positive and 
creative pressure on the programme, a need to reformulate and translate 
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its theories between discourses and to make its artefacts respond to different 
concerns in a way that refines them and makes them relevant. Additionally, 
the research programme contributes to these different projects with its 
subject and theories. This is not very different from a design practice that 
fulfils the specific requirements of different projects whilst also applying, 
testing and advancing the set of core concerns – aesthetic, technical or 
social – that identify it as a practice. 





 

 
 
 
 
5. Theoretical Frameworks 
 
Media studies 
In a research programme, positive heuristics have the role of driving the 
development of auxiliary theories; in this case the positive heuristics could 
be identified as the multiplicity of methods, ideas and discourses that have 
structured the theoretical progress of the research. Media studies have been 
a principal source of methods for framing the computer within 
architecture, throughout the development of the thesis. Marshall 
McLuhan’s analysis of the complex relations between writing technologies 
and culture has been consequential to this framing. In “The Gutenberg 
Galaxy: The Making of Typographic Man,”2 McLuhan follows, compares 
and contrasts orality, the alphabet and print and their effect in creating 
(and resulting from) different subjectivities, social and economic 
assemblages, and aesthetic sensibilities. The methods, themes and style in 
his studies set a basic pattern for understanding major media shifts, which 
he first applied extensively in the “Gutenberg Galaxy.” McLuhan’s work 
created a canon often recognisable in analyses of the effect of media;, in the 
case of architecture this canon is apparent in Mario Carpo’s “Architecture 
in the Age of Printing,”3  for example. In “Understanding Media,”65 
McLuhan expanded his analysis of orality, alphabet and print to 
contemporary media in more detail, whilst at the same introducing a 
number of concepts instrumental to their study. McLuhan’s maxim, “the 
medium is the message," – or at least a big part of the message – is also one 
of the assumptions of the texts in this thesis: content cannot be understood 
as disembodied and independent from the materiality of its medium. This 
interdependence reaches extreme levels of intricacy in the computer, as 
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different media such as drawing, film, or typewriting, and not just their 
subject matters, become themselves the content of computation. 
 
The works of Friedrich Kittler have also been influential in tracing relations 
between architecture and computers. Departing as McLuhan from literary 
criticism, Kittler’s work considers the discourse networks made up of the 
technologies and institutions that allow a culture to select, store and process 
relevant data.5 In his view, discourse analysis needs to be transformed into 
an “archaeology of the present” that takes into account the material and 
technical conditions that make the storage and circulation of discourses 
possible in the first place, extending Michael Foucault’s discourse analysis, 
which is essentially textual, to include mechanical, electronic and digital 
forms of inscription.5 This thesis often applies a similar form of discourse 
analysis: rather than a purely instrumental interest in the capacity of 
computers to propose novel designs, a question reiterated throughout the 
research is how computers afford, suggest or forbid the articulation of 
statements in architecture. Kittler’s “Gramophone, Film, Typewriter”66 
has been an important reference in this questioning: following the changes 
in technologies of discourse storage and circulation from the last half of the 
nineteenth century until the Second World War, it offers a method of 
analysis that examines the material factors of writing technologies in 
relation to the discourses they inscribe. Kittler continued his analysis of 
contemporary digital technology in the essays “There is No Software” and 
“Protected Mode,”44 both of which have influenced this thesis through the 
technical exactitude employed in their method for disclosing the discursive 
attributes of digital technology and its material and historical singularities. 
Technical exactitude is also the result of a close involvement with 
technology: in an interview from 1996, Kittler commented on his efforts in 
promoting the teaching of programming in philology and literature studies, 
and on how he combined the writing of his first major book, “Discourse 
Networks 1800/1900” with building electronic circuits for sound 
manipulation.67 Kittler’s direct use of technology corroborates the opinion 
held throughout the research presented here: that any attempt to analyse 
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technology without any first-hand experience of it may easily lead to 
hermeneutic interpretations of what a technology means, rather than the 
scrutiny of what it does, to the criticism of the discourses and ideas 
associated with it, rather than the analysis of the type of systems, discourses 
and subjectivities that it creates. 
 
Finally, the work of Katherine Hayles has been an indispensable reference 
and influence in the thesis. Like McLuhan and Kittler a literature theorist, 
Hayles’s background in chemistry includes too a first-hand knowledge of 
programming, to which she often refers back.68 Partly rooted in her 
programming literacy, Hayles argues that despite assertions of the 
immateriality and disembodiment of digital technology, the engineers, 
factory workers or programmers who engage with computer’s hardware 
and its material limitations have no illusion that physical reality has faded 
away. Materiality offers for Hayles a robust conceptual framework to 
address the constraints and enablings that computation entails.69 In “How 
we Became Posthuman: Virtual Bodies in Cybernetics, Literature and 
Informatics,”68 Hayles critically frames cybernetic discourses in relation to 
materiality, a perception that the first paper of this thesis realises in its most 
literal sense. One of the central premises of the book is a reading, grounded 
in feminist theory, of how bodies are problematised in the different 
discourses of cybernetics, information theory and computer science. In her 
analysis, Hayles proposes the dyad of inscription/incorporation as a way 
of understanding the relations between abstractions and material 
embodiments: 

 “Inscription is normalized and abstract, in the sense that it is usually considered as 
a system of signs operating independently of any particular manifestation…their 
significance derives from the concepts they express, not from the medium in which they 
appear (…) In contrast to inscription is incorporation. An incorporating practice such 
as a good-bye wave cannot be separated from its embodied medium, for it exists as 
such only when it is instantiated in a particular hand making a particular kind of 
gesture.”68 
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This distinction and the interplay between the two modalities “acting in 
complex syncopation with each other, like two sine waves moving at 
different frequencies and with different periods of repetition”68 is pivotal to 
this thesis. Later works by Hayles such as “ My Mother Was a Computer: 
Digital Subjects and Literary Texts”70 expand some of the original concepts 
from “How We Became Posthuman” into an analysis of contemporary 
theories and world-views that take computation as their model. It includes, 
for instance, a critique of Stephen Wolfram’s proposition of a 
computational basis for physics in “A New Kind of Science,”49 the source 
of the example program used in this introduction. She continues, 
describing computer code as a form of writing and as language. “How We 
Think: Digital Media and Contemporary Technogenesis”71 looks instead 
to the way digital technology and its practices, such as programming, affect 
our ways of conceptualising and performing research, particularly in the 
humanities. 
 
Practice-based research 
It is befitting that authors who question the effects of inscription 
technologies should problematise these technologies in the form and style 
of their writings: McLuhan implements his “mosaic,” “field” technique, 
largely inspired by the language of advertisement, isolating each problem 
at hand with little reference to the context in which it lies,2 enabling and 
encouraging the reading of his text sequentially or in any arbitrary order. 
McLuhan experimented with similar publicity inspired modes of writing in 
his early “The Mechanical Bride,”72 as well as in the later visual 
experimentation of “The Medium is the Massage,” co-authored with 
graphic designer Quentin Fiore.73 Friedrich Kittler, on the other hand, 
includes facsimiles of messages, typographic experiments and of notation 
systems,5 as McLuhan had also done in “The Gutenberg Galaxy.”2 
Katherine Hayles mixed a semi-fictional autobiography with texts about 
hypertexts and typographic experimentation in “Writing Machines,”69 or 
intercalated literary critique and theoretical analysis in a cross-reading of 
technologies and science-fiction texts in “How we Became Posthuman.”68 
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The authors of all of these works consider the materiality of text and treat 
writing as a medium and not simply as a neutral recording of ideas – a 
position that would clearly contradict the foundation of their own analyses. 
 
In contrast, the texts in this thesis are relatively conventional, complying to 
a large extent with the discursive standards of the fields in which they have 
been presented. The most apparent difference to more traditional 
architectural research is the inclusion of software, programs, algorithms, 
experiments and devices as part of the research. Making – in this case 
programming software and building hardware – has been central to 
conceptualisation. A methodological slant of this type can be classified as 
practice-based research: practice-based, artistic or design-based research 
refers to the attempts, during the last two decades, to articulate academic 
research that includes making artefacts as part of its enquiry, within the 
otherwise humanist traditions of research in art and architecture. But 
research that included design, and even software, has actually been part of 
architecture for quite some time: the first Ph.D. in architecture awarded at 
Harvard included all these elements already. Christopher Alexander’s 
doctoral thesis, presented in 1963, was the progenitor of the research on 
architecture and computers that I have referred to as paleo-digital, and it 
is therefore also a predecessor to the work included here. Controversial as 
it was, it shared some of its methods and themes with this thesis, five 
decades later, though not its intention or outlook. Published a year after its 
completion as “Notes on the Synthesis of Form,”74 it expounded a design 
method that used the computer to synthesise a sequence of actions (a 
program) that would generate a design. As part of his research, Alexander 
wrote what was possibly the first architectural computer program, a series 
of software called HIDECS, for Hierarchical Decomposition of Systems. 
The software, together with its application in the design of an Indian village 
and descriptions of its mathematical, conceptual and algorithmic logic, 
were already part of one of the first examples of architectural research. The 
form of this thesis, even if slightly unusual, is then anything but new: much 
of architectural research during the sixties followed similar configurations, 
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in which programs, diagrams, models or architectural proposals, together 
with texts, were integral to it. 
 
Among these research modalities, one can identify two main types relevant 
to the methods of this thesis: one exemplified by the research at LUBFS at 
the University of Cambridge, and the other by the Architecture Machine 
Group at MIT. While both groups addressed the challenges that the 
introduction of the computer brought to academia during the 1960s, the 
research carried out at LUBFS mostly considered problems of 
representation: its stated goal was to propose architectural descriptions that 
corresponded to the new mathematics associated with the computer.30 
These new forms of representation also incorporated the formalism typical 
of the Warburg Institute and epitomised by Witkower’s analysis of 
Palladian Villas75 and Colin Rowe’s comparison of these to the architecture 
of Le Corbusier.76, 77 Their significance to the work at LUBFS was also 
explained by Rowe’s teaching position at Cambridge and his influence on 
the research agenda at the architecture school there.38, 78 
 
Rather than abstractions and representations, the Architecture Machine 
Group’s interest was the direct incorporation of computers into the design 
process and into buildings, with the intention of generating architectural 
proposals in the first case and of creating responsive environments in the 
later. This interest led to a focus on interaction, cybernetics and artificial 
intelligence, combined with an “anti-architect” stance against professional 
practices of planning and design. The resulting architecture would, 
through the use of architecture machines, mirror the “Architecture without 
Architects” of Bernard Rudofsky79 or incorporate the participatory design 
advocated by Yona Friedman.29 These architecture machines ranged from 
intelligent design software like URBAN 5 to interactive robotic 
architectural models such as SEEK, or the robot agent GROPE.28, 29 A 
defining feature of the research was a hands-on attitude that Molly Wright 
Steenson has identified with that of the bricoleur as defined by Lévi Strauss, 
who speaks not only with or about things but “through the medium of 
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things.”80 The methodology of the Architecture Machine Group combined 
architectural forms of enquiry that originated in constructivist “laboratory 
work” and Bauhaus pedagogy with hacker culture of “bricolage” that, in 
places like the MIT, emerged in conjunction with the large military-
industrial research projects of the time.81 
 
The combination of design thinking and technological tinkering of the 
Architecture Machine Group eventually coalesced into the MIT Media 
Lab, and was instrumental to the development of interaction design in the 
decades that followed. It brought to this new field many of the 
methodological habits, views and interests typical of architecture, yet often 
foreign to engineering design and research practices. The Architecture 
Machine most emphatically responded to Reyner Banham’s exhortation a 
few years earlier that, in order to keep up with technology, architects may 
have to dispense with the cultural and professional garments by which they 
are recognised as such.82 Despite the Architecture Machine’s exit from 
architecture, its methodologies based on the fusion of technology and 
experimental design lingered for some time, in for example the teaching of 
John Frazer at the Architectural Association, Stephen Gage at the Bartlett, 
UCL, or Paul Coates at the University of East London. This small London 
clique was, as it happens, inspired by the Architectural sorties of 
cybernetician Gordon Pask, who was also linked to the Architecture 
Machine Group. 25, 29 
 
Paleo-digital modes of making that included writing programs, inventing 
diagrams and building prototypes are at the heart of the research 
programme of this thesis. But using these processes and methods requires 
also a critical contextualisation of their original projects: research at MIT 
during the 1960s was, for example, linked to the agendas of its funding, 
which frequently came from the military;37 the research that originated at 
LUBFS had often a positivist bias, common to the quantitative methods of 
computers but also to architectural modernism. This design positivism, 
together with a doctrine of technological progress and a proclivity for 
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design optimisation, are still part of contemporary research in architecture 
and technology. Rather than the historical continuation of these earlier 
projects, most of these approaches are a consequence of adopting modes of 
research and development that originated in engineering. These embody 
the same trust in technology and a drive towards optimisation as some of 
these earlier predecessors. It is clear from this that establishing a critique 
and analysis of the goals and methods of current research demands a 
historical hindsight that can identify discursive continuities and repetitions. 
 
More recently, practice-based research has also gained increased currency 
as a valid research method in contexts not necessarily linked to technology. 
Since the mid-1990s, besides humanist research traditions of architecture 
history and theory, a number of architecture schools have established 
practice-based research as part of their academic programmes. A few 
paradigmatic examples are pertinent to this thesis: the work of Jonathan 
Hill in “The Illegal Architect,”83 or “Weather Architecture,”84 makes use 
of artefacts such as architectural models and drawings, establishing a 
dialogical relation with texts. In “The Illegal Architect,” the artefact takes 
the form of an architectural project: a proposed building that mirrors and 
mocks the headquarters of the Royal Institute of British Architects (RIBA) 
at Portland Place, London. The main body of text on the other hand 
questions the actual institutional politics of the RIBA and professional 
regulatory bodies in general. While not referring directly to each other, 
both the text and the proposed architecture are in an open thematic 
relationship. This openness in the dialogue between text and artefacts has 
also informed some of the works in the thesis. Another important reference 
is the work of Bernard Cache, an innovator in the use of programming and 
fabrication in architecture. In his work “Earth Moves”85 Cache put 
forward the idea that the purpose of architecture is to frame (physically, 
geometrically, visually, culturally, conceptually…) – a concept that he 
develops closely to the notion of image. Explained as a catalogue of images, 
the book is composed of 3 main components: text, diagrams and designs. 
Text and diagrams are closely knitted, while the designs work obliquely, 
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eliciting to be linked by the reader to the text. In this thesis, the 
electrochemical device in the first paper, or the One Bit Browser of the last, 
borrow some of the open relation between texts and artefacts from Hill and 
Cache, as the narrative does not exhaust the explanation and description 
of the devices, but addresses only some of the aspects relevant to the 
research subject and context in question. The images, drawings, software 
and machines are meant to open a reading beyond the given accounts of 
them, examples of the quasi-autonomy that Anderson gave to the artefacts 
of architectural research programmes. 
 
KTH School of Architecture has also been the site of practice-based 
research: I have contributed to some of the development in this area 
through my own work and also through collaborations, such as for example 
within the KRETS group,86 not included here. While many research 
projects at KTH have had a practice-based research approach, Jonas 
Runberger’s PhD dissertation from 2012 is an important precedent, as it 
reflects on the use of digital design in architecture.87 Another important 
example from this institution is Charlie Gullström’s doctoral thesis on 
mediated spaces, which was influential in defining the agenda for the work 
described in the last paper.88 
 
Finally, it is also worth considering practice-based forms of research in 
fields adjacent to architecture; Katherine Hayles has discussed the impact 
of the recent introduction of these methods in the humanities. In the 
context of practice-based research Hayles specifically addresses 
programming and writing computer code in literary studies: according to 
her, making something that requires intense thought and considerable 
technical skill such as writing computer code, has significant implications 
beyond the crafting of words in traditional humanistic research. Practice as 
an embodied skill is intimately involved with conceptualisation: 
conceptualisation suggests new techniques to try, and practice help refining 
and testing concepts.71 The different practices of writing words or code will 
shape the kinds of conceptual frameworks resulting from the research. 
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Drawing also from Andy Pickering’s arguments in “The Mangle of 
Practice,”89 Hayles accurately describes a process identifiable in the 
developing of this thesis, in which the practice of writing software and 
building hardware has led, as a matter of course, to conceptualisation, often 
producing new insights through reflection on the code, electronics, 
mechanical components and shapes produced. Other times the practical 
need of achieving a goal or effect has required the reading of technical and 
scientific literature; the logic of these technical discourses has then become  
translated into concepts, interpretations, experiments and proposals. But 
as much as practice has been the source of concepts and theory, these 
experiments and prototypes, software, diagrams and algorithms have also 
started as hypotheses, concepts and theories to be tested or to be 
materialised, arising from what I have previously identified as the 
equivalents of the ancillary theories of the research programme. The 
modalities of making and conceptualising interact constantly, often 
blurring the limits between the two: writing a text becomes making, 
building a prototype theorising. 
 
Technological discourses and practices 
Upon receiving the 1974 Turing Award, Donald E. Knuth compared the 
practice of programming and the science of programming: fifteen years 
before, the Association for Computing Machinery (ACM) that was now 
giving him the award had defined as one of its objectives the transformation 
of programming from an ‘art’ into a science, from a suspicious practice into 
a respectable system of general laws. Knuth vindicated instead 
programming as an art, which he understood in its Latin etymological 
sense of a skill or craft, corresponding to the Greek “tekhne," the root of 
both technology and technique. By 1974, computer science was so well 
established – largely thanks to Knuth’s own contributions – that he felt in 
the need to explain his predilection for ‘art’ over ‘science’.90 
 
Programming literacy such as that involved in the “bricolage” of this thesis 
includes both the practices of reading and writing programs and the 
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theories and discourses that systematise and regulate these practices; that 
is, both the “art” of programming, and its science. These two practical and 
theoretical dimensions are frequently lost to architecture, and 
programming is instead understood only as a technical skill, a specialist 
competence of little interest except as exclusively instrumental to intentions 
developed independently from it. But programming, its methods and 
associated sciences discipline architecture through the software used to 
produced it, and of late, through its direct use in producing parametric 
models, simulations, generative processes and interactions. A fitting 
example of how a discourse, in this case architectural, can be inscribed in 
the technologies that may at some point be used to produce more 
architecture is once again the work of Christopher Alexander. Alexander’s 
design propositions were based on the premises of cognitive psychology, 
which treated human thought as a process of computation, limited in 
memory capacity91 and organised in terms of elemental data structures.92 
While controversial in architecture, Alexander’s later work on design 
patterns93, 94 became central to the eponymous programming methodology  
known as “software design patterns.”95 Since Alexander’s pattern language 
largely built on the same linguistic theories that made high-level 
programming languages possible,39, 96, 97 it is not surprising that they found 
application in a medium that was structured under the same linguistic 
premises. One can speculate on how a program organised according to a 
theory of architectural design such as Alexander’s pattern language may 
influence design habits or be reproduced into the designs produced though 
it. The point however is how discourses, in this case even an architectural 
discourse, are inscribed in technology and potentially affect its use. 
 
The case is far clearer if one looks at how different programming languages 
and paradigms, from structured programming to object-oriented or 
functional programming, substantially condition how and what can be 
expressed through them. Knuth himself noted the strong tendency to 
prefer the simplest constructions in a language over those in another 
language.98 Upon receiving the same ACM Turing two years prior to 
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Knuth, Esdger W. Dijkstra observed how “the tools we are trying to use 
and the language or notation we are using to express or record our thoughts 
are the major factors determining what we can think or express at all.” 99 
The remark is strikingly close to that of Nietzsche at the head of this 
introduction. 
 
The analysis of how languages, design practices and programming 
concepts influence architecture, together with their material and 
technological embodiments, is one of the main preoccupations of this 
thesis. Part of this effort has meant the inclusion within regular text of 
programs and algorithms, types of texts that, according to Dijkstra, have 
also shaped the ideas that make up the thesis. In some cases, the distinction 
between normal text and program text becomes blurred: descriptions of 
procedures, geometrical constructions or algorithms may be more or less 
readily translated into programs to be executed. One can then say that 
besides English, this thesis has also included the programming languages of 
PIC assembler, java, C++, javascript, Python and even Algol pseudocode, 
and that these have possibly been even more important than English itself 
in articulating its concepts. This type of writing resembles Knuth’s proposal 
for a literate programming, in which machine-readable programs and 
human-readable text blend into a hybrid of program and description, code 
and essay.100 It is however also a form of writing relatively common in 
computer science papers. 
 
In addition to programming languages and practices, the computer science 
in this thesis comprises the most elemental references, typical of a basic 
bibliography of an undergraduate course on theory of algorithms. These 
include the “Introduction to Algorithms” by Thomas Cormen, Charles 
Leiserson, Ronald Rivest and Clifford Stein,50 “The Art of Computer 
Programming” series by Donald Knuth,98 “Introduction to Automata 
Theory, Languages and Computation” by John Hopcroft and Jeffrey 
Ullman,48 and “Structure and Interpretation of Computer Programs” by 
Harold Abelson and Gerald Jay and Julie Sussman.51 To these it is 
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important to add references from computational geometry, a field of 
considerable relevance to architecture. While architectural texts often 
make use of geometrical descriptions, it is rarer to read explanations of how 
these geometries are calculated and stored in the computer – operations 
that enable and shape the daily routines of architectural practice. 
Techniques for generating and displaying geometry are the subject matter 
of the fields of computational geometry and computer graphics. The 
references used throughout this thesis are also canonical: the book by the 
founders of the field Franco Preparata and Michael Ian Shamos 
“Computational Geometry: An Introduction,”101 and the customary 
reference book by Joseph O’Rourke “Computational Geometry in C.”102 
Incidentally, in their book, Preparata and Shamos identify the origin of 
computational geometry with the analysis of axiomatic Euclidean 
constructions by Émile Lemoine in his “Géométrographie” from 1893.103 
In the late nineteenth century, Lemoine analysed the number of operations 
required in Euclidean constructions using a compass and a straightedge, 
an interesting conflation of the geometry of drafting board as a notation 
system and an understanding of its constructions as algorithms. 
 
In addition to the more traditional forms of discourse expressed in books, 
scientific papers, manuals and technical literature, it is also important to 
include forms of discourse dispersion typical of digital technology: expert 
forums, code repositories, open source projects and software libraries, for 
example. These are integral to the type of writing that is programming: 
copying and translating code, implementing algorithms or software design 
patterns, or using and linking software libraries make up the collective 
process that is always programming. 
 
Architecture theory 
The architecture theory referred to in the texts deals mostly with 
architectural representation and its history. The most pertinent works 
relative to this research have already been mentioned: the analysis of 
architecture’s relation to projective geometry in Robin Evans “The 
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Projective Cast”9 as well as his articles collected in “Translations from 
Drawings to Buildings and Other Essays,”10 Mario Carpo’s examination of 
the influence of typography in “Architecture in the Age of Printing”3 and 
its connection to digital architecture in “The Alphabet and the 
Algorithm,”11 his anthology of texts “The Digital Turn in Architecture”13 
and his influential article “Breaking the Curve: Big Data and Digital 
Design.”14 
 
The thesis frequently considers the early relations of computers and 
architecture in an effort to problematise these relations beyond progressive 
views of both architecture and technology. Often, these references are no 
more than an acknowledgement in the texts, as any comprehensive analysis 
of these early efforts could easily expand in detriment of the main themes 
of the individual papers. However, such analysis, integrated into a practice-
based methodology, is a potential extension of this thesis. This introduction 
also gives the opportunity to at least place those references in more detail 
in relation with the texts. Always present, but in a problematic relation with 
the projects, is the work of Christopher Alexander, published both in 
“Community and Privacy: Toward a New Architecture of Humanism,”104 
“Notes on the Synthesis of Form,”74 or his early, controversial, and often 
contradictory views on the use of computers in the “Architecture and the 
Computer” conference at the Boston Architectural Centre in 1964, 
published a year later as “The Question of Computers in Design.”105 
Another important reference is the structuralist diagrammatic thinking of 
LUBFS at Cambridge University 30, 63, 106 and the continuation of some of 
its approaches through Space Syntax.107, 108 The influence of the work of 
the Architecture Machine Group at MIT28, 29 and that of  John Frazer25 or 
Paul Coates22 has already been mentioned. A good section of the state of 
research at the end of the sixties is the AD edited by Royston Landau in 
1969.109 In addition to references to some of the works just mentioned, it 
also includes an article by Gordon Pask on cybernetics, Imre Lakatos, Karl 
Popper and Alan Musgrave on scientific method, reflections on Noam 
Chomsky, and a text by Cedric Price, Warren Chalk or David Greene and 
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Stanford Anderson; it thus covers, perhaps not by chance, a great part of 
the authors referred to in this introduction and in the texts that follow.  
 
Diagrams are very present in the research, from the visualisations of 
transformation matrices and chemical processes in the first paper to the 
diagrammatisations of common spatial data structures in the fourth paper. 
The importance of diagrams is also patent in the second and third papers, 
“diagram” is even in the title of the second. The artefact of the fifth paper 
can be seen too as an elemental diagrammatic representation of 
information. Excepting in the fourth paper, diagrams are not explicitly 
theorised. The role of diagrams has been tacit for the most part, fulfilling 
the more practical functions of articulating relations between programs and 
their performances.  This role has been double: firstly, diagrams have been 
used as abstractions of specific aspects of programming such as data 
structures, control flow, feedback, or hardware design. Even models of 
computation, such as Turing machines, can be seen as diagrammatic in 
this light. This understanding of the diagram was instrumental in the 
transformation of a binary number into an artefact in the last paper of the 
thesis, for example. Secondly, diagrams have played a practical part as the 
actualisations of programs, embodying a spatiality situated between the 
abstract temporal relations of the program and the extension of traditional 
architectural representations. 
 
Theorisations of the diagram preoccupied architecture for a brief period at 
the end of the 1990s. Stan Allen’s texts6, 110, 111 from the time have 
indisputably affected the works in this thesis in terms of designs and 
discourse. The predominance of the diagram in architectural discussions 
during this period prompted Robert Somol to state in his introduction to 
Peter Eisenman’s “Diagram Diaries” that the diagram “…has become 
almost completely the matter of architecture.”112 The promise of the 
diagram to conflate the digital surge of information flows and the new 
representational possibilities of the computer in order to produce an 
architecture as materialisation of information enthralled architects at the 
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time. The info-landscapes of MVRDV, the diagrammatic techniques of 
van Berkel and Bos or the “diagrammatic architecture” with which Toyo 
Ito described Kazuyo Sejima’s work,113 together with discussions and 
monographs in architectural journals and magazines,114 are evidence of the 
spell the diagram cast on architecture. The texts of John Rajchman115, 116 
or Anthony Vidler118 are also examples of further theorisation from the 
period. In the years that followed this diagrammatic exuberance, diagrams 
fell out of the centre of architecture’s short attention span. Hélène Frichot’s 
analysis of this interest at the end of the 90s delves into its beginnings, 
influences and the discursive mechanics that marked the reorientation of 
architecture theory from critical to projective, and serves as an overview of 
the whole period for anyone interested in a more detailed analysis.118, 119 
 
Discussions at the time were largely influenced by the philosophy of Gilles 
Deleuze; “A Thousand Plateaus,” written together with Felix Guattari, 
became a main theoretical source for  a conceptualisation of the 
diagram.111, 114, 120 In Deleuze and Guattari’s definition, the diagram does 
not mean, it is not semiotic, and nor is a form, inherent or imposed on 
matter, or substance; instead it organises and distributes, it is both function 
and matter and it constitutes an abstract machine.121 According to Deleuze 
and Guattari, diagrams are being constantly produced but also “stratified” 
or instrumentally co-opted, by the politics of science into military or space 
programmes, for example. At the same time, diagrams as abstract 
machines “deterritorialise” or decontextualise the homogeneous strata that 
they organise. This definition of the diagram provides a set of properties 
that are useful for explaining some of the views in this thesis: firstly, it 
dovetails quite nicely into a diagrammatic understanding of programs, 
which are, after Turing’s definition, essentially abstract machines. 
Correspondences between programs and diagrammatic representations, 
despite Fred Brooks objections,8 have a long history, and include the first 
attempts by John von Neumann and Herman Goldstine to make the lack 
of linearity of programs understandable by means of flow-charts.122 
Secondly, the potential of the diagram to “deterritorialise” and to cut 
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through discursive strata is of interest in re-appropriating early uses of 
computers in architecture, and of describing a history of their development 
that bestows them with contemporary relevance. Understanding the 
structures, procedures and methods, the mathematical and algorithmic 
forms used by Alexander, LUBFS or space syntax as diagrams allows them 
to be dislodged from the programmes of their particular historical strata, 
to be understood and even subverted as technologies, to be hacked as 
“abstract machines.” A diagram according to this definition does not refer 
strictly to the graphic representation we usually identify with the term, but 
to the organisations effected through it. These graphic representations 
don’t exists as signs, symbols or icons, but as operations and procedures – 
as functions.120 This is also the case of the procedures, manual or 
mechanical, developed within these different research contexts, in which 
some material – a drawn plan, a quantitative description or a set of abstract 
relations – is subjected to a set of operations, graphical or numerical, that 
transforms and organises it. The concept of diagram offers the possibility 
of a different critique than that which is available through their associations 
to different ideological projects and their historical moments, one that is 
based on what they do and what they incorporate, rather than on what 
they mean or what they inscribe, to borrow Katherine Hayles’s 
terminology. 
 
As is clear from these examples, the relation between computers and 
diagrams in architecture predates their problematisation during the 1990s, 
and is intrinsic to what I have called the paleo-digital. This relation can be 
seen as the combination of the diagrammatic inclination of programs, their 
ubiquity in scientific and technical discourses, and the influence of formalist 
analysis in art and architecture theory. The importance of diagrams in 
mediating the relation between computers and architecture was 
emphasised by Alexander, in one of  the earliest examples of this relation: 
a few years after writing “Notes of the Synthesis of Form,” Alexander 
considered the definition of diagrams as its single most important 
contribution, and regretted that those reading the book had noted instead 
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his proposed method, and missed the diagrams.123 Alexander then 
identified the diagram with the concept of pattern, which he would 
formulate during the following decade: the diagram was an abstract pattern 
of physical relationships which resolved a system of conflicting forces, and 
which could be syntactically composed, together with other diagrams, into 
a design.123 Alexander’s concept of diagrams was largely inspired by 
D’Arcy Thompson’s definition in “On Growth and Form,”124 a reference 
that would also be recuperated during the1990s to articulate a functionalist 
discourse based on performance, and carried out using computer 
simulations and optimisation algorithms. Alexander’s interest in diagrams 
had its origins in engineering, computation and biology, and in the 
technical diagrams used to represent sunlight, wind, acoustics or 
circulations, which had become a staple of modernist architecture. 
However, a parallel interest was also part of a sensibility for abstraction, 
reduction and estrangement within the arts, a disposition expressed in the 
formalist historiography of architecture promoted by the Warburg 
Institute, for example.117 Through the works of Rudolf Wittkower and 
Colin Rowe, these methods of analysis particularly influenced the British 
architectural milieu of the1950s and 60s in which Alexander studied and 
where a number of subsequent efforts to tie computers to architecture also 
arose. The common origin of the diagram in Peter Eisenman, who was a 
student at Cambridge during the 1960s, Alexander and their connection 
to Rowe is discussed in Robert Somol’s aforementioned introduction to 
Eisenman’s own “Diagram Diaries,” entitled “Dummy Text, or the 
Diagrammatic Basis of Contemporary Architecture.” 112 Rowe’s influence 
on the mathematical diagrams at LUBFS,38, 78 and by extension on its 
successors such as space syntax, have already been mentioned above. The 
Warburg Institute, Eisenman, LUBFS or space syntax all effectively 
complied with the same formalist approaches that, according to Manfredo 
Tafuri, emerged in the logic and linguistic theories of the early twentieth 
century and eventually led to programming, and which became articulated 
as the artistic methods of the modernist avant-garde.125 But Tafuri’s 
critique of formalism, which he linked to the “attempt at capital's complete 
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domination over the universe of development” 125  was based on semiotics 
and the self-referentiality of the sign, rather than on the operations of the 
diagram. Only a few years later, Colin Rowe advanced a definition of a 
method which corresponded quite well with his own formalism, and was 
easily identifiable with that of diagrams. His intention was in part to 
question the scientific and rational methodologies championed by 
Alexander, as well as the typological concern of semiological post-
modernism. In “Program vs. Paradigm,”126 published in the second 
number of the Cornell Journal of Architecture in 1982, Rowe called for a 
synthesis of what he saw as the two opposite concepts of programme and 
type into a new methodological entity that he identifies with the 
hypothetico-deductive method of the detective novel. In this method, the 
hypothesis, typology or paradigm, precedes all empirical investigation, and 
is used to place and organise 'facts' and material in their proper place.126 In 
the fourth paper in this thesis, “Programs as Paradigms” – an obvious pun 
on the title of Rowe’s text – I argue how computer programs, and 
specifically the data structures used to represent space in the computer can 
be similarly seen as schemata organising spatial representations, constantly 
repeated throughout diverse architectural discourses and practices. These 
data structures are programmatic entities with a set of associated diagrams 
into which they are actualised as graphics or other physical instantiations. 
 
Kenneth Knoespel has also compared the architectural diagrams of 
Alexander and Eisenman to those of Bill Hillier and space syntax.127 In his 
interpretation, Knoespel describes diagrams as in between the optical and 
the grammatical and lexical, with a haptic role of mediating between 
both.128 This capacity would certainly explain their insistence as mediators 
between the logic forms of the computer and the visual representations of 
architecture. Knoespel’s ideas are notably influenced by the work of Gilles 
Châtelet, to whose English translation of  “Figuring Space, Philosophy, 
Mathematics and Physics” he contributed with an introduction.129 
Châtelet’s work problematises diagrams, in Knoespel’s words, as 
“technologies that mediate between other techniques of writing.”129 
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Châtelet looks at the diagrammatic operations in physics and mathematics, 
the gestures that establish a continuity between structure and reality, and 
which become invisible, forgotten as soon as the operations they mobilise 
are successful.129 He conveniently illustrates this with the diagrams arising 
from the manipulations of compasses and rulers in electromagnetism, the 
compass giving a point of view to the hand and the rulers becoming 
manipulable pieces of direction.129 This understanding of the diagram as 
embodied performance brings to mind Hayles’s dialectics of inscription 
and incorporation, instrumental to this thesis, which she illustrates with the 
example of the gesture of a waving hand. It also evokes the idea of Ivin’s 
geometry “at hand,” used above to explain how architectural drawings 
function as notations. Regarding diagrams as operators rather than figures 
also permits programs to be seen as the inscription of these operators, 
defining not a single diagram but the full virtuality of some diagrammatic 
operators. 
 
Finally, this short account of the diagram is mostly restricted to the 
historical relation with the use of the computer in architecture, and the 
relevance of its formulations, especially during the 1990s, to this thesis. 
Diagrams have a longer history in architecture; Alberto Pérez-Gómez 
identified this history with the separation between artistic and technical 
concerns during the nineteenth century,12 and which goes back at least to 
Jean-Nicolas-Louis Durand’s “Précis des leçons d’architecture.”117, 130 Paul 
Emmons has also looked at the history of certain diagrams, like those 
describing internal circulations and organisation of space according to 
activities and adjacency relations, known in the profession as “bubble 
diagrams.”131 A full history of the architectural diagram is unfortunately 
outside the scope of this introduction, but it is apparent that the diagram is 
far from an exhausted concept, and that it would certainly deserve to be 
revisited in relation to programming. 
 
The research has also made use of methods and theory from a more 
classical historiography of technology: Lewis Mumford’s critique of 
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technology in “Technics and Civilization,”132 the history of mechanisation 
of Siegfried Giedion in “Mechanization Takes Command,”133 or the 
analysis of the relation between technology and the modernist avant-garde 
in Reyner Banham's “Theory and Design in the First Machine Age,”82 as 
well as his extension of Giedion’s “anonymous history” to a chronicle of 
air-conditioning  in “The Architecture of the Well Tempered 
Environment”134 have informed the reference material, but especially the 
outlook of the papers. Giedion and Banham have been important to the 
final article, but also to the attention given to concepts from computer 
science in the other papers. What characterised Giedion’s approach, 
expanded by Banham and also influential to McLuhan, is an attentiveness 
to technological details and habits outside current historical discourses. 
Much of the data in “Mechanization Takes Command” consisted of patent 
applications or product catalogues – previously an uncommon historical 
source. Banham’s history of the use of electric light and mechanical 
ventilation in buildings was grounded in the little attention given to them 
in architecture. Banham identified this lack of attention with the separation 
between technical and aesthetic concerns that took place during the 
nineteenth century; that is, the same schism identified in drawing 
techniques and their associated academic organisation in the École 
Polytechnique and the École des Beaux-Arts by Alberto Pérez-Gomez, 
Robin Evans or Anthony Vidler.117 As a result of this break-up, normal 
architectural discussion and architectural drawings could not register or 
consider the effects of these technologies and their impact, so that it became 
hard to even document their evolution through architectural 
representations. Banham argued that this blind spot of architecture leaved 
the major constituents of modern environments outside its scope, 
increasingly unable to deal with a substantial part of buildings.134 A 
motivation behind the programme of this research stems from a similar 
argument; despite digital technology’s central role in recent architectural 
discussions, this has been treated through architectural conventions of 
representation that are inadequate for addressing its characteristics. This 
insufficiency of architecture is a consequence of what Banham described 
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elsewhere as its “operational lore.”135 What Banham criticised is 
architecture’s incapacity to respond to the technological changes society 
undergoes and their effect on buildings. The argument in this thesis on the 
other hand is that architecture is incapable of critically addressing the 
changes that it itself is undergoing, as these changes affect its own critical 
and discursive apparatus, rather than its subject. It is not only what 
architectural media represents, but more importantly how it represents, 
that has been fundamentally challenged. 



 

 
 
 
 
6. Summary of Papers 
 
The papers included in this thesis are ordered chronologically. This renders 
explicit the progress of concepts and methods, their correspondence to the 
vicissitudes of research practice inside and outside academia; it manifests 
the pauses, rejections and maturations of the questions that form and 
inform it. To expose its unfolding can contribute to similar efforts carried 
in close relation to practice, whilst simultaneously describing a progression 
consistent with the development process of a research programme. 
 
The material included comprises conference papers, journal articles and 
the chapter of a book, all presented in fairly diverse academic and practice-
related contexts. In spite of the multimodality of discourses and styles, the 
five works included share a common basic methodology and structure: they 
all consist of a theoretical text in dialogue with artefacts produced as part 
of the research, ranging from electrochemical experiments to software. All 
texts include an analysis and critique of ways of engaging the computer in 
architecture, a critique carried out following the different styles and 
conventions particular to the respective discourses in which the works have 
been presented. While different forms of critique are integral to all these 
fields, it is less common to consider the role that the computer plays in each 
of them, and by extension in architecture, not as a tool instrumental to 
goals and intentions proposed independently of it, but as the medium in 
which those goals are enunciated and shaped from the start. 
 
In a similar manner to how the texts adapt to the different research contexts 
and adopt their styles and concerns, the artefacts discussed in the papers 
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also respond to the different demands of the projects in which they have 
been proposed: they include speculative experiments, analysis and 
visualisation software and hardware, concept demonstrators, illustrations 
and case studies. Their common denominator is that programming is their 
main constituent, although they vary in type (experiments, prototypes, 
demonstrators, software tools) and material basis (software, 
electrochemical, electronic, mechanical). 
 
The main projects in which these works took place include: “Autopoiesis 
and Design: Authorship and Generative Strategies,” financed by the 
Swedish Research Council (VR) and which ran from 2005 to 2007; 
Resilient Infrastructure and Building Security (RIBS), part of the European 
Union’s FP7 programme, from 2011 to 2013; COMPEIT, on shared 
media experiences on the internet, also an FP7 project, from 2014 to 2016; 
and Architecture in the Making, sponsored by the Swedish Research 
Council Formas from 2011 to 2016. Many of the ideas in the papers and 
artefacts have also originated in work outside research, carried out 
independently, in collaboration projects with other practitioners and 
researchers, or as part of my work in architectural practice. Their 
genealogy is thus not circumscribed exclusively to the research presented 
here, but belong to the larger practice that contains it.  
 
First paper: Out of control: the media of architecture, 
Cybernetics and Design 
“Out of Control: the Media of Architecture, Cybernetics and Design” 
became a book chapter in “Material Matters: Architecture and Material 
Practice,” edited by Katie Lloyd Thomas and published by Routledge in 
2007. This text, now 10 years old, marks my first efforts to articulate a 
critique and practice that examines computers in architecture in 
connection to drawing. The text concentrates on the differences of 
authorship entailed by the two representation paradigms of drawn and 
computed architecture. It points first to the historical emergence of 
drawing and its role in the substantiation of architectural authorship during 
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the Renaissance. The text makes use of ideas from cybernetics for 
problematising traditional architectural authorship in its new relation to 
the computer. 
 
The artefact included as part of the book chapter consists of an 
electrochemical experiment based on the devices proposed by Gordon 
Pask, in which metallic dendrites, grown through an electrochemical 
process, could be trained to recognise different input stimuli.136 Rather 
than the complex epistemological implications of Pask’s experiments, the 
example in the chapter deals with some simpler concepts about 
computation and representation: while it is possible to simulate 
morphological processes of growth in the computer, as for example in 
diffusion-limited aggregation models (DLAs) or cellular automata, it is also 
possible to invert the direction of representation, and use instead material 
aggregation processes to perform computations. The experiment tested 
how this reversibility of representation could be operated, based on the 
morphological resemblance between computer simulations that model the 
growth of dendritic structures and an actual material process of dendritic 
growth. 
 
In this case, the metallic dendrites grown using the electrolytic process 
described by Pask were used to compute geometric transformations, 
applied to some simple 3d models; the electric conductance between the 
dendrites was made to stand for the values on a projective transformation 
matrix. The mechanisms for drawing perspectives originated in the 
Renaissance, and later systematised as projective and descriptive 
geometry,  were reduced to the 16 numbers of a 4x4 square matrix in the 
first CAD programs by Larry Roberts.137-139 Matrices have since become 
the standard way of calculating perspectives in computer graphics, from 
CAD to 3D computer games. The implicit thesis of the device became one 
of the main propositions of this dissertation: to consider computation as a 
form of inscription in a complex relation to its material support, and the 
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implications of this way of understanding computation for architecture. It 
became a sort of artefactual manifesto of the research programme. 
 
The relation between the text and the artefact in this first work is thematic: 
both address representation, projection and perspective, computation and 
cybernetics, but they confront these subjects differently – the text through 
questioning the different ways authorship is inscribed in drawing and in 
computation, and the artefact by exemplifying the complex relations 
between representations and their materialities. The ideas in the text and 
the artefact developed in parallel, but the relation of one to each other is 
loose and complementary: the paper is not about the artefact, and the 
artefact is not an illustration or a demonstration of the ideas in the text. 
The intention of this open relation is to create possible readings, dialogues 
and associations. Since the work first took the form of a conference 
presentation to turn later into the chapter of a book, it became possible to 
create this disconnection, which may be harder to justify in the case of a 
journal article, for example. 
 
The significance of cybernetics in this first work also signals the effort to 
recuperate and address a longer history of architecture and computers. In 
1960 Gordon Pask began working as cybernetician in Cedric Price’s Fun 
Palace project for Joan Littlewood;140 over the following decade Pask 
contributed to Archigram’s work,141, 142 published “The Architectural 
Relevance of Cybernetics” in Architectural Design,143 and taught at the 
Architectural Association, introducing cybernetics to many teachers and 
students, among others Ranulph Glanville, Stephen Gage, John Frazer or 
Paul Coates, all of whom were responsible for the introduction of 
cybernetics in architectural education.25 144 Another of Pask’s significant 
contributions to architecture was his collaboration with Nicholas 
Negroponte  and the Architecture Machine Group at MIT.29 
 
Cybernetics is generally associated with the military-industrial complex of 
the Second World War, where it emerged as a theory of information at the 
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hand of Norbert Wiener,145 applied to the guidance systems of missiles and 
antiaircraft guns, military communications, physiology or automation. 
Gordon Pask on the other hand belonged to a branch of cybernetics that 
offered a critical alternative to its early mechanicism: Second order 
cybernetics cohered at the Macy conferences between 1946 and 1953. 
Some of the contributors were Margaret Mead, Gregory Bateson, Norbert 
Wiener himself, and Heinz von Foerster. In the decades that followed, 
second order cybernetics would focus on epistemological problems, 
proposing constructivist approaches to social, psychological or biological 
systems of knowledge. The works of Heinz von Foerster,146 Gregory 
Bateson,147 or the theory of autopoiesis proposed by Humberto Maturana 
and Francisco Varela148, 149 are important contributions in this respect. 
 
However, and despite the value of cybernetics to critically position 
representation, to relate it both to materiality and computation – in short, 
to define the basic programme of this thesis – the use of cybernetics also 
had a few shortcomings. The most important is the incapacity to address 
the characteristics of programming as a form of notation, a deficiency that 
can best be explained returning to Nelson’s definition of notation systems. 
Cybernetics is mostly interested with analogue quantities and values: 
statistics, probabilities, uncertainties, predictions or amounts of 
information often corresponding to the angles, distances, voltages, 
incidences or phases of cybernetic machines, such as Ross Ashby’s 
Homeostat, Grey Walter’s “Tortoises,” or the innumerable devices 
invented by Gordon Pask. This analogue characteristic of cybernetics – in 
Goodman’s terminology, the “syntactic density” and un-differentiation of 
its models, physical or mathematical, makes it hard to use in the analysis of 
programs as architectural notations, which are eminently digital; that is, 
discontinuous and discrete. In the other hand, the use of experiments and 
artefacts to find, test and demonstrate concepts, typical of cybernetics, has 
influenced the thesis both directly and indirectly, the later through the 
inclusion of its methods into “paleo-digital” modes of architectural 
research. 
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Second paper: Spot with Paths, an interactive diagram 
with a low complexity isovist algorithm 
This second paper is intrinsically linked to the third paper, “A 
Computational Method for Generating Convex Maps Using the Medial 
Axis Transform.” Both come after a hiatus of a few years for work at the 
research and development group of a large architectural firm, developing 
visualisation, analysis and generative design methods and applications.150, 

151 Both are also the result of two projects focused on producing software 
for analysing plans, in the case of this paper the inter-visibility of medical 
staff and patients in layouts of hospital wards. The two papers were 
presented at the Space Syntax Symposium in Seoul in 2013, an academic 
context substantially different from that of the first text, more critical and 
closer to traditional architecture theory. 
 
These two papers are also the result of a progression in my programming 
practice, characterised by a better overview of existing programming 
techniques, the incorporation of concepts from computer science such as 
the analysis of algorithms, and an emphasis on computational geometry. 
After this period, programming became not only the centre of my practice, 
but also the main object of my research. Thus, while rather technical, these 
two papers register an important shift from a general interest in the relation 
between computers and architecture to a closer analysis of the role of 
programming in this relation. The significance given to programming is 
apparent in the subject of the paper, an algorithm. It is also clear in the 
application of conventions common in computer science, such as the 
Bachman-Landau (or Big O) notation to represent the complexity of 
algorithms, or the use of pseudocode to explain them. In addition, these 
two papers are an attempt to acknowledge and introduce these concepts 
from computer science, particularly those of computational geometry, into 
space syntax. 
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Perhaps a less obvious intention of the two papers is also to acknowledge 
the diagrammatic provenance of space syntax, an original structuralist 
outlook that was gradually replaced by a more empirical bias during the 
1990s. Emphasising the role of diagrams was also the intention of a special 
number of the Journal of Space Syntax guest-edited together with Daniel 
Koch.152 In a sense, these two papers proposed algorithms as diagrammatic 
operators that are not very different from the “morphic languages” that 
identified space syntax in 1976.107 
 
Specific to this second paper is how it looks at the practical implications of 
the analysis of the complexity of algorithms. A detailed analysis of 
algorithms in terms of the computational resources required for their 
execution – that is, in terms of memory and processor time – affords in this 
case the proposal of an algorithm that can be used interactively to generate 
and shape visibility polygons at any arbitrary scale; i.e., on a representation 
consisting of only a few obstacles or on one that may include an extremely 
large number of them. This consideration and analysis of complexity at the 
programming stage allowed the building of a diagram consisting of a 
dynamic set of relations between three basic design elements: walls, 
visibility polygons, and paths. The software reduced the virtual design 
world to this set of diagrammatic elements and their relations on a two-
dimensional plane. Another intention of the paper is to link concepts 
typically discussed in spatial analysis to rigorously formulated equivalents 
in computational geometry. Isovists or visibility relations are thus 
correlated with the computational geometry equivalent concepts of 
visibility polygons and a strict, abstract mathematical formulation of 
visibility. This relinquishes any attempt to relate visibility polygons to the 
actual act of seeing or to the visual perception in a building, and instead 
identifies these with diagrammatic operations made on an abstracted 
geometric plan, and which may correlate or not to any real perception. 
 
Finally, this second paper also includes pseudocode in the text, together 
with a detailed description of the algorithm implemented in software. This 
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is in fact the most detailed description of any algorithm in the whole thesis 
except for the short example included in this introduction, and it is also the 
one that exemplifies perhaps most clearly the notational characteristics of 
programming. 
 
Third paper: A computational method for generating 
convex maps using the medial axis transform 
The third paper illustrates the application, to the analysis of architectural 
plans, of a diagram that originated in shape analysis and computational 
geometry known as the medial axis transform. Unlike the second paper, 
the diagram proposed here is not interactive; it consists of a transformation 
that takes a polygonal boundary, for example the interior of a building in 
plan, and subdivides its area into separate polygonal units, together with 
the relations of adjacency between these units. The result is similar to what 
is known as a convex map108 in space syntax, and can more generally be 
described as extracting a “bubble diagram,” a graphic device typical in 
modern architecture,131 from an existing plan. The intention of the paper 
is to propose a mechanical diagrammatic operation that can be applied to 
a large number of building plans. These operations are obviously reductive, 
and in many cases even arbitrary. The intention is not to disclose a deep 
structure of buildings, to distil an essential characteristic of their 
organisation, but rather to subject them all to the same matrix of 
diagrammatic operations in order to identify patterns of likenesses and 
differences. 
 
The reduction of architectural space to some simple atomic constituents 
and their molecular assembly into buildings corresponds to a modernist 
logic of composition that Reyner Banham identifies with the École des 
Beaux-Arts and Julien Guadet’s theory of elementary composition.82 Emil 
Kaufmann saw this same logic appearing first in Ledoux’s project for the 
Saltworks at Chaux, in which autonomous pavilions were assembled into a 
whole, marking the shift from Baroque modes of composition to modern 
ones.77 Thus the diagrammatic operators proposed in this third paper 
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superimpose spatial organisations typical of modernism onto architectural 
plans; the fact that this logic may not correspond to any original intention 
or process may elicit new readings and understandings of the spaces the 
plans represent.  The use of reductive diagrammatic representations is also 
characteristic of a typically modern type of analysis; from Heinrich Wölffin 
to Colin Rowe, formalist analysis was the result of an effort of architectural 
scholarship to move beyond the concepts of style that had dominated much 
of nineteenth century discussion; it was a way of analysing architecture that 
looked at abstract form — masses, volumes, surfaces — through different 
historical contexts, in order to find relationships and to trace their 
development.77 The influence of these approaches on the work at LUBFS, 
and through it on space syntax, has already been mentioned. 
 
Besides theoretical implications, algorithmic descriptions of diagrammatic 
operators such as the one proposed in this third paper also allow large sets 
of data, which are increasingly available in the form of GIS databases, for 
example, to be submitted to analysis. A use of diagrams at the scale typically 
identified with “big-data” comprises an evolution of formalist analysis from 
an in-depth reading of a few selected examples, their analysis and 
comparison, into what Katherine Hayles has defined as “machine reading” 
performed by computer programs. The use of algorithms to analyse 
extensive amounts of data such as texts, a type of research characteristic of 
the new digital humanities, points to what could be described as a post-
human mode of scholarship.71 The algorithmic method for generating 
diagrams of plans proposed in this paper is a step in the direction of a 
similar form of research in architecture. 
 
As in the preceding paper, this paper also includes detailed descriptions of 
algorithms using text and diagrams, and introduces methods from other 
fields such as computational geometry into architectural discussion; more 
specifically, the use of shape descriptors and the medial axis transform 
originate in the field of shape analysis. The complexity of the algorithm was 
not crucial in this case, beyond its effect on the feasibility of its use. On the 
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other hand, the numerical stability required by the algorithm became an 
important problem, despite the use of number types from the open source 
Computational Geometry Algorithms Library.153 This illustrates once 
more the effect of the material limitations of computers: since real numbers 
need to be represented in a limited amount of memory, errors accumulate 
as the results of numerical operations are constantly rounded-off to fit in 
memory. There exist a number of programming techniques to partly 
mitigate the effects of this, either using conventional floating point 
arithmetic154 or special number types such as those provided by special 
libraries, such as the GNU Multiple Precision Arithmetic Library.155 The 
point of interest however is the effect that the materiality of computers has 
in the practice of programming, and the feasibility of any algorithm to be 
practically implemented in terms of speed and memory. This same 
limitation is disclosed in the errors and glitches of CAD or modelling 
software in for example calculating offsets of lines or performing Boolean 
operations on solids; the strange artefacts perceivable when zooming in 
very close on the intersection of two lines are also discernible signs of this 
discreteness of computation. 
 
This and the preceding paper emphasise the new geometrical regimes 
afforded by programming, especially in the translation and encoding of 
graphic and diagrammatic operations previously described through 
natural languages and carried out by hand. The following text in the thesis 
elaborated some implications of these new regimes, such as their 
dependence on concepts and methods originating outside the disciplinary 
boundaries of architecture. 
 
Fourth paper: Programs as paradigms 
The fourth text, “Programs as Paradigms,” was published in a special 
number of Architectural Design called “Architectural Design, Empathic 
Space: The Computation of Human-Centric Architecture” in 2014. It 
summarised conclusions drawn from fifteen years of programming in 
architecture, relating them to some of the concepts of the two previous 
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papers. The text argued that despite claims of an apparently inexhaustible 
inventory of novel architectural geometries, architecture in the computer 
is being recast into the few and limited schemata through which it can be 
digitally represented as data. Therefore we should perhaps be less obsessed 
with new technological possibilities, and instead consider what computers 
allow and compel us to do. 
 
Irrespective of discursive contexts, from space syntax, parametric design, 
or vanguardist architecture to the most prosaic commercial building drawn 
using Autodesk Revit, architectural representations have to comply with 
the fundamental limitations given by the serial operation of the computer. 
This severely limits the types of techniques capable of encoding and 
processing space as a sequence: the visual logic that has dominated 
architecture since the Renaissance has to submit to the audio-tactile basis 
of “one thing after another” that McLuhan identified both with oral and 
electronic media, through the limited number of conventions that allow 
this transposition. These conventions and techniques are partly responsible 
for the recurrence of forms in digital architecture, as these forms actualise 
the same limited number of virtualities encoded in available software, its 
algorithms and data structures. This recurrence is also characterised by the 
transversality of the same diagrammatic operations across different 
contexts and discourses, from analyses at a geographic scale to the 
generation of design objects at a furniture scale. But the recurrence and 
transversality of these types of representation, the recirculation of 
algorithms and data structures, discloses not only the constraints of the 
computer as a medium, the limits of the sequentiality of its operations in 
representing space, but also the archival practices in which it is inserted 
and that it mediates, and which regulate how these recurrent forms are 
stated, distributed and reproduced. The text mentions computer science or 
the analysis of algorithms as some of the constituents of this archive, 
composing the discursive field that regulates the statements available 
through computers. To these one may add the ways in which the computer 
as a technology of inscription works also as an archive; how, through the 



80 Program Matters: from Drawing to Code  

practices of programming, code is distributed and reproduced. These 
practices include copy-pasting of code snippets, the modularity that makes 
the reuse and distribution of code possible, the use of open source practices 
and code repositories, and the indispensable inclusion of programming 
libraries in almost any non-trivial program. While one may be 
unconcerned with these programming practices as a software user, they 
regulate what the software is and what it does. As a result, the same 
identifiable forms have been and continue to be re-stated and reproduced 
to exhaustion since the dawn of computer in architecture 50 years ago – an 
exhaustion that Kittler identified with an encounter with the limits of 
media.5 The conclusion of the text is not that there lies no creative 
possibility in the computer – an argument that would invalidate the goal of 
this thesis and of the practice it articulates – but instead that one should not 
take for granted that novelty and creativity will automatically ensue from 
the use of the computer, warranted by the progressive rationale of 
technology. 
 
The artefacts included in the text comprise generated graphics that 
recapitulate the basic schemata, the recurrent paradigms, identified 
generally in digital architecture and present in my own practice. 
Admittedly, the generated diagrams not only borrow the idea of 
“paradigm” proposed by Colin Rowe,126 but also the rhetorics typical of 
formalist methodology that, following Emil Kaufmann’s comparison of 
Ledoux and Le Corbusier,156 allowed Rowe himself to liken Le Corbusier’s 
and Palladio’s villas.76 Their graphics use a typical formalist strategy; 
subjecting all the generated diagrams to the same graphic language 
emphasises their regularities, independent of discourse or period. Thus, a 
subdivision surface that could have been rendered to show its resemblance 
to natural forms, perhaps within a romantic-inspired discourse of the 
sublime, is shown as a wire-frame; similarly, a graph that could have used 
colour, as in the analysis of heat or structural stresses in engineering, is 
reduced to the same monochrome convention. This reductionist graphic 
language consisting of black and white lines is also an implicit reference to 
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Stan Allen’s collection of diagrams published in AD in 1997110 to illustrate 
different field conditions, and which is still representative of the 
diagrammatic thinking of the time. Lastly, classifying the types of diagrams 
inscribed in code is also linked to the reworking of formalist principles into 
mathematical models operated at Cambridge during the sixties, embodied 
in Lionel March’s proposition that a theorist should be “something of a 
collector, not of objects but of mathematical models, of abstract schemata 
into which the data can be organised.”63 Rather than a collection in which 
data can be organised, the few examples given here are more of an 
archaeological character, as they describe how data has been and is being 
organised. The images and figures also include examples of previous work, 
as they outline the possibilities of research that are explored in the next text 
in the thesis. 
 
Fifth paper: Computer utterances, sequence and event in 
digital architecture 
The final paper, recently published in the International Journal of 
Architectural Computing (IJAC), expands on some of the ideas proposed 
in “Programs as Paradigms.” It looks at how the material and historical 
contingencies of the stored-program computer impose a sequential logic on 
all of its operations. It also considers how computations need to materialise, 
to be translated from switching operations performed by transistors into 
phenomena that can be perceived: as images on screen or as printouts, as 
sound, or as the actions of CNC machines and robots. Katherine Hayles 
has characterised this need of materialisation with the image of an ‘Oreo’ 
cookie, in which embodied materialities, as input and output, sandwich a 
digital middle.70 The paper makes otherwise extensive use of Hayles’s 
distinction between inscription and incorporation, between what can be 
disembodied and abstracted from its medium, and what it is intrinsically 
linked to it.68 
 
The Artefact accompanying the text is a small mechanical actuator 
described as a one bit browser. Its purpose is to test how informational 
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events can be used to generate space. The prototype presented in the article 
is the final of a number of versions which helped to identify and formulate 
the hypotheses and design principles it embodies. This one bit browser was 
proposed as a contribution to the COMPEIT research project, interested 
in studying and proposing future scenarios of internet use. The prototype 
integrated the technology that was part of COMPEIT — web-related 
technologies such as Javascript, through the use of the Node.js157 runtime 
environment, for example — and it demonstrated its application in an 
Internet of Things (IoT) scenario, another of the project’s objectives. 
 
The premise behind the prototype was to constrain the design investigation 
to a limiting case of signification, the yes or no, true or false, of a bit. The 
design also aimed to look at an ordinary type of information display, as any 
indicator lamp or its equivalent is essentially showing the trueness of 
falseness of a statement. The resulting prototype would therefore also help 
to problematise the vernacular interactions that, though seldom addressed 
from a design or architectural perspective, make up a significant part of 
contemporary life. A second intention of looking at an ordinary case was 
to critically examine existing technological conditions, rather than propose 
technological innovation. Thus, while the prototype illustrated the 
application of novel technologies within the context of the research of 
COMPEIT, their specifics were not fundamental to the design experiment 
of the prototype. The prototype also recuperates ideas like “calm 
technology” and “ubiquitous computing” conceived by Mark Weiser in the 
1990s. His proposition called for non-intrusive information technology 
which would be perceived on the periphery of attention, giving users the 
choice to either engage or ignore it.158 Weiser’s proposition remains an 
open call to designers: rather than giving us choices, our everyday 
technologies instead demand increasing engagement and attention, 
transforming us into over-stressed, nearly automatic relays of information. 
 
The one bit browser also exemplifies some of the conclusions after a 
number of interactive installations, some of which were mentioned in the 
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preceding paper, “Programs as Paradigms.” It summarises the idea of an 
architecture consisting of programming, in which software produces space 
as it materialises and “takes place.” The text also serves as a conclusion to 
the practice and research so far, proposing the consideration of 
programming in architecture as a mode of inscription and notation that 
affords it a temporal dimension, whilst – and despite all new geometry 
arising from it – it also bars forms of spatiality that were typical to 
architecture until recently. 





 

 
 
 
 
7. Conclusion 
 
The purpose of this introduction has been double: to consistently frame the 
diverse works it contains as responses to a single research programme, 
emphasising their common methodologies, theories and goals; but also to 
serve as a conclusion, reconsidering the works under the concept of 
inscription and notation, their systems, and the literacies they entail. 
Inscription, notation or literacy explain some of the recurrences and 
differences of the distinct writing systems of drawing and computing, and 
suggest a series of implications for the practice of architecture. 
 
Inscription emphasises the materialities of drawing and programming 
practices, as it stresses the links between systems of writing and their 
material supports. In the research and practice presented in this thesis, the 
distinction between inscription and incorporation proposed by Hayles has 
been key in investigating the different materialities of drawings and 
programs. For example, architectural geometry is effectively incorporated 
in the utensils and materials used to draw it, the compasses, set squares, 
parallel rulers and paper employed to trace plans, construct perspectives or 
relate projections and unfolding auxiliary views in descriptive geometry. 
The explanation of the substantial differences between the concepts of form 
and space associated with the material extension of drawings, and those of 
time and event resulting from the sequential operation of the computer 
studied in the fourth and fifth papers, are evidence of the instrumentality 
of Hayles’s two distinct levels of inscription and incorporation to the 
research. The examination of these differences is perhaps one of the key 
contributions of this thesis, as this categorical shift from the spatial towards 
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the temporal will presumably lead to a conceptual realignment of 
architecture that focuses on the event and performance, a move that, 
according to Antoine Picon, will bring it closer to music, theatre or 
performance art.159 To consider the differences between drawings and 
computers as technologies of inscription highlights also the 
representational bottleneck resulting from the transposition of the spatial 
intuitions of the first, into the sequentiality of the latter. This topic is present 
in all texts, but comprises the main theme of the fourth article in the thesis. 
 
Besides looking in more detail at the distinctions between the technologies 
of drawing and computing, this introduction has used Nelson Goodman’s 
conceptualisation of notation to further state the differences and similitudes 
between drawings and programs. Notation makes also possible to consider 
the temporality of computers in more detail: to examine what kind of “time 
axis manipulation,” attributed by Friedrich Kittler to all mechanical and 
electronic media,66  computers brings into play. Programming is seen then 
as the system of notation that computers embody; its origins, relevance and 
complex materiality has been explained in this introduction and addressed 
in the texts of the thesis. Using Goodman’s theory of notations, drawings 
and programs can both be treated as scores: drawings are scores that 
orchestrate the construction of a building; programs describe instead 
transient and temporary performances to be carried out by a computer. 
Understanding programming as a system of notation that has programs as 
scores allows both proposals and speculation on their use in architecture; it 
also makes possible a critique of notions such as architectural work or 
design according to the technological premises of the computer. 
 
Notations also imply literacies; the different works in the thesis examine 
both programming and drawing as the abilities to read and write drawings 
and programs, respectively. In this introduction, I have considered these 
literacies in connection to their corresponding material forms of 
inscription: drawing, based on the manipulation of the utensils used to 
measure and mark surfaces of stone, ground or paper, part of a geometric 
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tradition reaching back to antiquity; programming, as the writing of 
instructions to be executed by a computer using a much more recent system 
of notation. One of the premises of this research is that the shift from a 
drawing practice to one carried through software and programs has been 
accompanied by a disruption in existing architectural literacies, extensively 
affecting how we make, judge and experience architecture. The short 
historical, technological and discursive distance available to us in the 
immediate aftermath of this shift, as both McLuhan and Foucault 
diagnosed, renders any analysis of current conditions unavoidably myopic. 
Still, it is imperative not only to study and critique the effects of this shift in 
architecture, but also to propose new forms of computer literacies in 
architecture. While the computer has rendered the literacies of drawing 
obsolete, they need to be substituted by forms of knowledge that go beyond 
software usage skills. Architectural education, for example, has long 
consisted of disciplining students into drawing literacy, a proficiency central 
to a practice based on the production and translation of drawings into built 
form. This capacity for reading and making drawings is also essential to a 
discipline in which, in addition to images and texts, plans, sections or 
elevations are indispensable for communication: their selection, storage 
and processing in academia and practice through curricula, treatises, 
books, exhibitions or magazines, have regulated and defined architecture’s 
theory and practice. Programming on the other hand offers a possible new 
form of literacy that is considerably different from that of drawing. 
Consequently, the practice and research reported in this thesis are attempts 
to write and read architecture through programming, to propose a 
particular literacy that, in all its provisionality, may at least function to 
stimulate further work and reflections on this shift from drawing to code in 
architecture. Because, independently of whether one writes programs or 
simply uses them, their material, formal and discursive logic is substantially 
different from that of drawing, and that difference affects any statement 
produced through their use. 
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Other than conceptually framing the diverse works in the thesis, this 
introduction has placed these works within a methodology close to that of 
practice-based research or research through design. One of the arguments 
has also been that, parallel to the development of practice-based 
methodologies within architecture, design and art, the production of 
artefacts has been integral to architectural research since it was first 
established as a valid academic form of enquiry in the 1960s. This was 
particularly the case with research involving technology and computers; 
hence, the introduction has placed this thesis as a critical continuation of 
these forms of architectural investigation. 
 
In framing the works comprised in this study, this introduction has 
borrowed the concept of research programme proposed by Imre Lakatos 
in the context of scientific methodology and historiography; this has helped 
to describe the progression of texts and artefacts produced during a 
relatively long period as part of a research programme, committed to 
investigating the consequences and possibilities of programming in 
architecture. This effort has adopted and referred to a number of theories 
and methods from diverse fields, such as media theory or computer science, 
as well as those from practice-based and architectural research. For 
example, the effects of programming in patterning design have been 
understood as associated to the architectural critique of the diagram, and 
also considered in relation to the modern tradition of formalist analysis in 
architecture. Finally, the research has also made an effort to circumvent a 
progressive narrative of architecture and technology, while also 
considering the fundamental changes brought to architecture by the 
computer. 
 
The work included here has simply outlined a research programme which 
is still unfolding; it shows its progression so far, and the current status of its 
theories and concepts. As provisional as they may be, its theories and 
artefacts contribute to a larger effort in architecture to address its digital 
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remediation, a process that is, as this research has contended, anything but 
trivial, perturbing practices and methods congenital to architecture. 
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Svensk Sammanfattning 
 
Programmeringsmaterial: från ritning till kod  
Oavsett om det skett på papper, byggplatsen eller i översättningen dem 
emellan, har sätten att läsa och skriva geometri alltid varit grundläggande 
för arkitektur. Passare och linjaler, linor, lodlinor, pålar och pinnar har 
möjliggjort analys och överföring av likformiga figurer till olika ytor sedan 
antiken, och från renässansen och framåt en systematisk framställning av 
tredimensionella former med hjälp av projektiv geometri. Såväl implicit 
genom praktiken som explicit organiserad genom klassisk geometri, har 
ritinstrumentens verkliga eller fiktiva operativa syntaxer fastlagt den 
geometriska läskunnighet som reglerar produktion av och undervisning i 
arkitektur.  
Men att teckna på pappers-, sten- eller markytor har nyligen fått ge vika 
som den materiella grunden för arkitektonisk inskrift till förmån för det 
väsentligen annorlunda sekventiella arbetssätt som datorer arbetar med; 
och även om geometri har varit bidragande i den digitala översättningen 
av arkitekturritningar i form av CAD är den nya digitala geometrin 
algebraisk och algoritmisk, och inte längre begriplig genom sin ritade, 
grafiska motsvarighet, vare sig klassik eller projektiv: de skriftpraktiker som 
har förhärskat inom arkitekturfältet sedan antiken har liten betydelse i det 
nuvarande skriftsystemet.  
Denna avhandling undersöker digitala skriftteknologier i syfte att utforska 
och utveckla en läs- och skrivkunnighet som kan motsvara den som 
utvecklats för ritad geometri och dess roll i arkitekturfältet. Den betraktar 
programmering som en form av arkitektonisk notation nära kopplad till sin 
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teknologisk-materiella grund. Eftersom olika sätt att läsa och skriva skapar 
diskurser bestående av tidigare och nuvarande uttryck anknyter verken i 
avhandlingen till en historia av datoranvändning inom arkitektur som 
sträcker sig tillbaka till 1960-talet. Särskilt granskas de tekniska system och 
programmeringsvanor som utformar digital arkitektur, och som definierar 
den teknodiskursiva ram inom vilken arkitektur blir omformulerat. 
Avhandlingen innehåller prototyper, experiment, grafik, algoritmer och 
mjukvara – men också beskrivningar och teoretiska analyser, liksom en 
kritisk kontextualisering av datorer och datoranvändning inom arkitektur. 
Föremålen och texterna har uppstått i olika arkitekturkontexter. Även om 
de svarar till olika specifika format, stilar, frågeställningar, metoder och mål 
som förekommer i dessa olika sammanhang, delar de ett grundläggande 
syfte i att kritiskt granska och föreslå sätt att läsa och skriva arkitektur 
genom programmering; grunden till den forskning och praktik de 
härstammar från.  
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