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c d e f e g h i j j k i l m n e o e p q r r s t i l

torus periods
4 0 0  0 4 0  0 0 4

vertices
10 1 2 0
11 0 1 2
12 2 0 1
20 1 0 2
21 2 1 0
22 0 2 1
60 -1 0 -2
61 -2 -1 0
62 0 -2 -1
70 -1 -2 0
71 0 -1 -2
72 -2 0 -1

edges
121 12 61 + * *
102 10 62 * + *
110 11 60 * * +
201 20 71 * * +
212 21 72 + * *
220 22 70 * + *
301 10 21 * * *
312 11 22 * * *
320 12 20 * * *
401 20 11 * * *
412 21 12 * * *
420 22 10 * * *
621 62 11 * - -
602 60 12 - * -
610 61 10 - - *
701 70 21 - - *
712 71 22 * - -
720 72 20 - * -
801 60 71 * * *
812 61 72 * * *
820 62 70 * * *
901 70 61 * * *
912 71 62 * * *
920 72 60 * * *

faces

10 121 812 -212 412   color red
11 102 820 -220 420   color green
12 110 801 -201 401   color blue

60 621 312 -712 912   color red
61 602 320 -720 920   color green
62 610 301 -701 901   color blue

20 301 212 720 401 -621 -102
21 312 220 701 412 -602 -110
22 320 201 712 420 -610 -121

70 801 712 220 901 -121 -602
71 812 720 201 912 -102 -610
72 820 701 212 920 -110 -621

30 301 412 320 401 312 420

80 801 912 820 901 812 920

bodies

1 10 11 12 20 21 22 -30 \
  -10 -11 -12 -70 -71 -72 80 volume 32

6 60 61 62 70 71 72 -80 \
  -60 -61 -62 -20 -21 -22 30 volume 32

read

connected;
conj_grad;
optimize 100;

unset body[1] target;
transform_expr "abc";
cost := {
    print (total_area/body_count)^3 /
        (sum(body,volume)/body_count)^2
};
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torus periods
-2 2 2  2 -2 2  2 2 -2

vertices
10 1 2 0
11 0 1 2
12 2 0 1
20 1 0 2
21 2 1 0
22 0 2 1

edges
121 12 11 - * *
102 10 12 * - *
110 11 10 * * -
201 20 21 * * -
212 21 22 - * *
220 22 20 * - *
301 10 21 * * *
312 11 22 * * *
320 12 20 * * *
401 20 11 * * *
412 21 12 * * *
420 22 10 * * *

faces
10 121 312 -212 412     color red
11 102 320 -220 420     color green
12 110 301 -201 401     color blue

20 301 212 220 401 -121 -102
21 312 220 201 412 -102 -110
22 320 201 212 420 -110 -121

30 301 412 320 401 312 420

bodies
1 10 11 12 20 21 22 -30 \
  -10 -11 -12 -20 -21 -22 30 volume 32

read
connected;
conj_grad; optimize 100;
unset body[1] target;
transform_expr "abc";
cost := {
  print (total_area/body_count)^3 /
      (sum(body,volume)/body_count)^2
};
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torus
periods
24 0 0
0 24 0
0 0 24

vertices
4   5 5 5
401 5 5 -5
402 5 -5 5
403 5 -5 -5
404 -5 5 5
405 -5 5 -5
406 -5 -5 5
407 -5 -5 -5
6   7 7 7
601 7 7 -7
602 7 -7 7
603 7 -7 -7
604 -7 7 7
605 -7 7 -7
606 -7 -7 7
607 -7 -7 -7
11  0 3.75 7.5
111 0 3.75 -7.5
112 0 -3.75 7.5
113 0 -3.75 -7.5
12  7.5 0 3.75
121 -7.5 0 3.75
122 7.5 0 -3.75
123 -7.5 0 -3.75
13  3.75 7.5 0
131 3.75 -7.5 0
132 -3.75 7.5 0
133 -3.75 -7.5 0
17  12 4.5 8.25
171 12 4.5 -8.25
172 12 -4.5 8.25
173 12 -4.5 -8.25
18  8.25 12 4.5
181 -8.25 12 4.5
182 8.25 12 -4.5
183 -8.25 12 -4.5
19  4.5 8.25 12
191 4.5 -8.25 12
192 -4.5 8.25 12
193 -4.5 -8.25 12
34  6 12 0
341 -6 12 0
35  0 6 12
351 0 -6 12
36  12 0 6
361 12 0 -6

edges
1 406 121 * * *
2 121 123 * * *
3 121 36 - * *
...
90 19 191 * + *
91 603 173 * * *
92 123 361 - * *

faces
1 1 2 5 10 19 
2 1 3 7 13 24 
...
53 87 85 13 -76 -88 
54 72 85 25 -91 -86 

bodies
1 1 -3 -4 -5 -9 10 11 -12 -15 \
    -23 24 -32 volume 1687.5
2 15 -28 29 30 31 45 -46 -24 -25 \
    47 7 54 -41 -42 volume 1741.5
3 -2 5 -6 -7 13 -14 -16 -17 -18 \
    -29 19 4 34 -37 volume 1741.5
4 23 -31 -39 -40 41 -48 44 -50 \
    51 6 17 21 8 3 volume 1741.5
5 -47 -49 50 -43 16 53 -54 -51 \
    -52 33 18 -20 volume 1687.5
6 -26 -27 32 42 -44 -45 48 52 -34 \
    -53 36 2 -1 38 volume 1741.5
7 9 14 -21 22 -30 -33 -38 12 27 \
    40 -35 -13 28 49 volume 1741.5
8 -8 -10 -19 20 -22 25 35 -36 37 \
    39 43 46 -11 26 volume 1741.5

read
set facet color 0
set body[2].facet color color+blue
set body[3].facet color color+blue where
	color < blue
set body[4].facet color color+green
set body[6].facet color color+green where
	color < green
set body[7].facet color color+red
set body[8].facet color color+red where
	color < red
set body[1].facet color color+darkgray
set body[5].facet color color+darkgray
vol := sum(body,volume)/body_count;
connected; conj_grad; optimize 100;
set body target vol; unset body[1] target;
cost := {print
    (total_area/body_count)^3 / vol^2 };
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vertices
1   0 1 0
2   1 0 0
10  1 1 1
20  1 1 -1
30  0 0 0

edges
1   1 2
11 10 1
12 10 2
21 20 1
22 20 2
31 30 1
32 30 2

faces
1 11 1 -12
2 21 1 -22
3 31 1 -32

read

conj_grad;

fix vertex;
fix edge where
    valence<2;

cost := {print
 (3*total_area)^3/16};

constraint 1 formula x=y

vertices
1  .5 .5 0
2   1 0 0
10  1 1 1
20  1 1 -1
30  0 0 0

edges
1   1 2
11 10 1
12 10 2
21 20 1
22 20 2
31 30 1
32 30 2

faces
1 11 1 -12
2 21 1 -22
3 31 1 -32

read
conj_grad;
set vertex constraint 1 where x=y;
set edge ee constraint 1 where
  min(ee.vertex, on_constraint 1);
fix edge where
  not on_constraint 1 and valence<2;
foreach edge ee where fixed do
  fix ee.vertex;
cost := {print (6*total_area)^3/16}
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view_transform_generators 4 //read across, one per line
0 1 0 0   1 0 0 0   0 0 1 0   0 0 0 1
1 0 0 0   0 1 0 0   0 0 -1 0  0 0 0 1
1 0 0 0   0 -1 0 0  0 0 -1 0  0 0 0 1
-1 0 0 2  0 0 1 0   0 1 0 0   0 0 0 1

constraint 1 formula x=y
constraint 2 formula z=0

vertices
1  .5 .5 0
2   1 0 0
10  1 1 1
30  0 0 0

edges
1   1 2
11 10 1
12 10 2
31 30 1
32 30 2

faces
1 11 1 -12
3 31 1 -32

read
conj_grad; hessian_normal;
set vertex constraint 1 where x=y;
set vertex constraint 2 where z=0;
set edge ee constraint 1 where min(ee.vertex, on_constraint 1);
set edge ee constraint 2 where min(ee.vertex, on_constraint 2);
foreach facet ff where min(ff.edge, on_constraint 2) do
    {set ff constraint 2; set ff density 1/2};
fix edge where not on_constraint 1 and valence<2;
foreach edge ee where fixed do fix ee.vertex;
cost := {print (12*total_energy)^3/16}
rotpiece := {transform_expr "ab"};
sqrot := {transform_expr "2(ca)b"};
hexrot := {transform_expr "3(da)b"};
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� � � 1 � � < 6 ! � " ! 6 � % % 1 � " � � � � � � � � � & � � � ! � � � � � � � 1 � � � & � � � = > ? 8 @ � � � � � � � � ! � $ �
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constraint 1 formula x=6
constraint 2 formula y=6
constraint 3 formula z=6
constraint 4 formula x = -6
constraint 5 formula y = -6
constraint 6 formula z = -6

#define fvi method facet_vector_integral \
 vector_integrand:
#define fvz fvi q1:0 q2:0 q3:
method_instance volx  fvi q1:x  q2:0  q3:0
method_instance volmx fvi q1:-x q2:0  q3:0
method_instance voly  fvi q1:0  q2:y  q3:0
method_instance volmy fvi q1:0  q2:-y q3:0
method_instance volz  fvz   z
method_instance volmz fvz  -z
method_instance volp  fvz   z-6
method_instance volm  fvz  -z-6

quantity volb1 fixed=432 method volx method volmx
quantity volb2 fixed=432 method voly method volmy
quantity volb3 fixed=432 method volz method volmz
quantity volb4 fixed=216 method volp
quantity volb5 info_only method volm

vertices
4 -1 -1 -1
6  1  1  1
11 -6 -2.25 1.5
12 1.5 -6 -2.25
13 -2.25 1.5 -6
17 6 -1.5 2.25
18 2.25 6 -1.5
19 -1.5 2.25 6
21 1.5 -6 -6
22 -6 1.5 -6
23 -6 -6 1.5
27 -1.5 6 6
28 6 -1.5 6
29 6 6 -1.5
34 0 6 -6
35 -6 0 6
36 6 -6 0
41  6 -6 -6
42 -6 6 -6
43 -6 -6 6
47 -6 6 6
48 6 -6 6
49 6 6 -6

edges
5 4 6
11 11 4
12 12 4
13 13 4
17 17 6
18 18 6
19 19 6
31 11 35
32 12 36
33 13 34
37 36 17
38 34 18
39 35 19
41 21 41
42 22 42
43 23 43
47 27 47
48 28 48
49 29 49
51 41 36
52 42 34
53 43 35
57 47 35
58 48 36
59 49 34
112 11 22
223 22 13
131 13 21
212 21 12
123 12 23
231 23 11
178 17 28
289 28 19
197 19 27
278 27 18
189 18 29
297 29 17

faces
31 -31 -231 43 53 volx
32 -32 -212 41 51 voly
33 -33 -223 42 52 volz
37 37 178 48 58 volx
38 38 189 49 59 voly
39 39 197 47 57 volz

11 123 231 11 -12 volx volm
12 131 212 12 -13 voly volm
13 112 223 13 -11 volz volm
17 178 289 19 -17 volmx volp
18 189 297 17 -18 volmy volp
19 197 278 18 -19 volmz volp

14 -13 33 38 18 -5 volz volmy
15 -11 31 39 19 -5 volx volmz
16 -12 32 37 17 -5 voly volmx

read
set vertex constraint 1 where x=6;
set vertex constraint 2 where y=6;
set vertex constraint 3 where z=6;
set vertex constraint 4 where x = -6;
set vertex constraint 5 where y = -6;
set vertex constraint 6 where z = -6;
ii := 6; while (ii>0) do {
  set edge ee constraint ii where
    min(ee.vertex,on_constraint ii);
  foreach facet ff where
    min(ff.edge,on_constraint ii) do
      {set ff constraint ii; set ff density 1/2;};
  ii := ii-1}
set edge color green where original>100;
set edge color red where original>30 and original<40;
set edge color blue where original=5;
show_expr edge where original>0 and valence>1;
cost := {print (total_energy)^3/1728^2;};
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#include "include.h"
#define stdwrap(w) ((((w)<0? -2*(w):(w))+1)%3 - 1)

void xyz_wrap(x,y,wrap)
REAL *x; REAL *y; WRAPTYPE wrap;
{
  memcpy((char*)y,(char*)x,SDIM*sizeof(REAL));
  if (!(wrap = stdwrap(wrap))) return;
  if (wrap==-1) y[0]=x[1], y[1]=x[2], y[2]=x[0];
  else /*wrap 1*/ y[0]=x[2], y[1]=x[0], y[2]=x[1];
}

WRAPTYPE xyz_compose(wrap1,wrap2)
WRAPTYPE wrap1,wrap2;
{ return stdwrap(wrap1 + wrap2); }

WRAPTYPE xyz_inverse(wrap)
WRAPTYPE wrap;
{ return stdwrap(-wrap); }
  
void xyz_form_pullback(x,xform,yform,wrap)
REAL *x; REAL *xform; REAL *yform; WRAPTYPE wrap;
{ xyz_wrap(yform,xform,-wrap); }
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symmetric_content
view_transform_generators 1
0 1 0 0  0 0 1 0   1 0 0 0   0 0 0 1
symmetry_group "xyz"
constraint 1 formula x=y
constraint 2 formula y=z
#define axis axial_point constraint 1 2
vertices
1   1  1  1 axis
2  -1  1  1
3  -1 -1  1
4  -1 -1 -1 axis
edges
1   1 2
2   2 3
3   3 2 wrap 1
4   4 3
faces
1   1 2 3 -1
2   4 -2 -3 -4
body
1  1 2 volume 8/3
read
transform_expr "2a"; raw_cells

� � � � � � � � � þ õ ö � � ö 	 ý ö 
 � �  ��  þ ÷ � ý ü ø ö ø � þ � � � � ö � ÿ � ý ÿ ö ó ø þ � � ó þ � ü � þ � ÷ � � � þ � 	 ý ö ó ö � �ó ö � ö ÷ � � ô ÷ þ ÷ þ � þ ô ý � ü � ö � � � þ � � � þ ý ý � � � � � ô � � � ö ó þ � ô ý � ü � � ý ö ô � þ � � ô ó ö ô þ � ø ö � ó ö ô � ö ø� þ � � ÿ � ý ü � ö 	 � ö ø ð � � þ � 	 ý ö � � � � ö ÿ ö ó � ü � ö � � � ö � � ó ö ö � � � ý ø � �  � ! � � ö � ó ! ð

" # $ % & ' % ( ) $ * " $ & + , # ' - . % / $ 0 ( ' 1 $ $ % / # . % / $ ' 2 " # $ / 3 4 $ $ & % 5 6 ( $ 7 8 ' ( ( - " % * "
8 ' " # % 2 $ 9 : $ ; 3 " ; . " # $ % & ' % ( ) $ * " $ & < % 2 9 $ 2 9 8 ' " # " # $ - % 5 $ $ 9 : $ ' 2 ; 6 6 ; - ' " $
; * ' $ 2 " % " ' ; 2 < % . " $ * % 8 * % 6 4 = - ; 5 $ : * ; 3 6 $ ( $ 5 $ 2 " + > % " # $ 5 % " ' / % ( ( = < 8 $ / ; 3 ( 9
" # ' 2 1 ; . / ( ; - ' 2 : ; ? " # $ . % / $ 8 ' " # % 2 $ 9 : $ . * ; 5 " # $ % & ' % ( ) $ * " $ & " ; ' " - $ ( . < 5 $ * $ ( =
" ; 3 2 9 ; " # $ 2 $ " @ A B C ; . " # $ . % / $ + D 3 " " # $ E ) ; ( ) $ * 9 ; $ - 2 ; " ( ' 1 $ F $ * ; G ( $ 2 : " #
$ 9 : $ - < - ; ' 2 - " $ % 9 8 $ ( $ % ) $ ; 3 " " # % " $ 9 : $ < 8 ' " # " # $ 3 2 9 $ * - " % 2 9 ' 2 : " # % " % . % / $
/ % 2 # % ) $ 2 ; 2 F $ * ; 2 $ " @ A B C ' . ' " - " % * " - % " % 2 % & ' % ( 6 ; ' 2 " + H 2 " # ' - / % - $ < ' " ' -
* $ I 3 ' * $ 9 " # % " " # $ J * - " $ 9 : $ ( ' - " $ 9 . ; * " # $ . % / $ 4 $ % 6 ; - ' " ' ) $ $ 9 : $ < ; 3 " 8 % * 9
. * ; 5 " # $ % & ' % ( 6 ; ' 2 " + K ' - " ' 2 : % 2 = ; " # $ * . % / $ - 8 ' " # 2 ; 2 F $ * ; 2 $ " 8 * % 6 8 ' ( ( : ' ) $
$ * * ; * - < 4 3 " ' 2 " # ' - ; 2 $ / % - $ < " # $ E ) ; ( ) $ * " % 1 $ - - 6 $ / ' % ( / % * $ " ; " * % / 1 " # $ 8 * % 6
2 $ $ 9 $ 9 " ; / ( ; - $ ; ? " # $ . % / $ +

L ; " $ % ( - ; " # % " 8 $ - 6 $ / ' . = M N O O P Q A R S T S U V Q P V Q < 8 # ' / # 5 $ % 2 - " # % " " # $
) ; ( 3 5 $ ; . % 4 ; 9 = ' - / ; 5 6 3 " $ 9 4 = ' 2 " $ : * % " ' 2 : 2 ; " W X Y X Z ; ) $ * ' " - . % / $ - < 4 3 "
' 2 - " $ % 9 " # $ - = 5 5 $ " * ' F $ 9 ) $ * - ' ; 2 [\ 0 Y X Z X W ] Z X W X Y ] W X Y X Z 7 + , # ' - < ' 2 " $ : * % " $ 9
; ) $ * ^ 3 - " ; 2 $ . 3 2 9 % 5 $ 2 " % ( 6 ' $ / $ ; . " # $ - 3 * . % / $ 3 2 9 $ * ; 3 * - = 5 5 $ " * = : * ; 3 6 <
8 ' ( ( : ' ) $ ; 2 $ G " # ' * 9 " # $ " ; " % ( ) ; ( 3 5 $ ; . " # $ / 3 4 $ + _ $ - " % * " 8 ' " # % / 3 4 $ ; .
" ; " % ( ) ; ( 3 5 $ ` < % 2 9 J & " # ' - ) ; ( 3 5 $ 4 = " $ ( ( ' 2 : " # $ E ) ; ( ) $ * " # % " " # $ ) ; ( 3 5 $
/ ; 5 6 3 " $ 9 . ; * " # $ . 3 2 9 % 5 $ 2 " % ( 6 ' $ / $ ' - ` a b +

_ $ / % 2 3 - $ " # ' - - % 5 $ c N d : * ; 3 6 " ; ' 5 6 ( $ 5 $ 2 " " # $ _ $ % ' * $ e f # $ ( % 2 . ; % 5
8 ' " # % ( ( ; . ' " - - = 5 5 $ " * ' $ - < % - ' 2 g ' : + h + h + , # ' - J ( $ / ; 2 " % ' 2 - $ ( $ 5 $ 2 " - . * ; 5
" # $ 6 * $ ) ' ; 3 - 9 % " % J ( $ 0 g ' : + h + i 7 j ; 2 $ - $ ( $ / " $ 9 . * ; 5 $ % / # ; * 4 ' " 3 2 9 $ * " # $ - = 5 G



k l m n o p q r r s t u q v s w t x u s l y z t { s p x u z w | s } ~ y � ~ s u t y p t x � q v y w r l � �

symmetry_group "xyz"

view_transform_generators 2
0 1 0 0    0 0 1 0  1 0 0 0   0 0 0 1
0 -1 0 0  -1 0 0 0  0 0 -1 0  0 0 0 1

constraint 1 formula x=6
constraint 3 formula z=6
constraint 5 formula y = -6
constraint 7 formula x=y
constraint 8 formula x+y=2*z
constraint 9 formula z=0

#define fvi method facet_vector_integral vector_integrand:
method_instance volx  fvi q1:x   q2:0   q3:0
method_instance volmx fvi q1:-x  q2:0   q3:0
method_instance voly  fvi q1:0   q2:y   q3:0
method_instance volp  fvi q1:x-6 q2:y-6 q3:z-6

quantity volb1 info_only method volx method voly method volmx 
quantity volb4 fixed=216 method volp

vertices
5 0 0 0 fixed constraint 7 8 9
6 1 1 1 axial_point constraint 7 8
36 6 -6 0 fixed constraint 1 8 9
17 6 -1.5 2.25 constraint 1
28 6 -1.5 6 constraint 1 3
48 6 -6 6 fixed constraint 1 3 5

edges
48 28 48 constraint 1 3
58 36 48 constraint 1 5
178 17 28 constraint 1 color green
389 17 28 constraint 1 wrap 1 color green
37 36 17 constraint 1 color red
17 6 17
5 6 5 constraint 7 8 color blue
6 5 36 constraint 8 9

faces
37 37 178 48 -58 density .5 constraint 1 volx
15 5 6 37 -17 voly volmx
17 17 178 -389 -17 volmx volp

read
show_expr edge where original>0 and (valence>1 or color=blue)
cost := {print (6*total_energy)^3/1728^2;};
conj_grad; hessian_normal; transform_expr "b2a";
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� � � � � � � � � � � � � � � � � � � � � � � � � � �

quantity wall
energy
modulus 1/2
method edge_vector_integral
vector_integrand
q1:y
q2:-y
q3:0

constraint 1 formula x=y

constraint 2 formula z=0

vertices
1  .5 .5 0 constraint 1 2
2   1 0 0  fixed
10  1 1 1  fixed

edges
1   1 2 constraint 2 wall
11 10 1 constraint 1
12 10 2 fixed

faces
1 11 1 -12

read

conj_grad;
optimize 100;
hessian_normal;

cost := {
 print
  (12*total_energy)^3/16;
};

g5; {r;u;g12;cost}4;
r;u;g2; r;g;cost;

symmetry_group "xyz"

constraint 1 formula x=6
constraint 3 formula z=6
constraint 7 function x=y
constraint 9 function y=z

quantity volb4 fixed=216
method facet_vector_integral
vector_integrand q1:x-6 q2:y-6 q3:z-6

quantity wall energy modulus 1/2
method edge_vector_integral
vector_integrand q1:0 q2:0 q3:y+6

vertices
5  0 0 0       fixed
6  1 1 1 axial_point constraint 7 9
36 6 -6 0      fixed
17 6 -1.5 2.25 constraint 1
28 6 -1.5 6    constraint 1 3

edges
178 17 28 constraint 1 wall
389 17 28 constraint 1 wrap 1
37  36 17 constraint 1 wall
17   6 17
5    6  5 constraint 7 9
6    5 36 fixed

faces
15 5 6 37 -17
17 17 178 -389 -17 volb4

read
conj_grad;optimize 100;hessian_normal
cost := print total_energy^3/8/1728;
g20; {r;u;g10;cost} 2;
r;u;g5;cost; r;u;g;cost
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